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\& (57) Abstract: The invention relates to a receiver for a quadrature-modulated signal, which can be divided into an inphase signal
g (I) and a quadrature signal (Q). The inphase signal (I) is fed to first and third equalizers (EZ1, EZ.3), and the quadrature signal (Q) is
~ [ed to second and fourth equalizers (EZ2, EZ4), wherein the first and second equalizers (EZIl, EZ2) each perform a first equalization
of the respective signal. An output of the first equalizer (EZI) is connected to a second input of the fourth equalizer (EZ4), which,
by means of a second equalization of the quadrature signal (Q), transmits an equalized quadrature signal (Q2) as a function of the
) previously fed equalized inphase signal (II) of the first equalizer (EZI). An output of the second equalizer (EZ2) is connected to the
second input of the third equalizer (EZ3), which, by means of a second equalization of the inphase signal (I), transmits an equalized

inphase signal (12) as a function of the previously fed equalized quadrature signal (Ql) of the second equalizer (EZ2).

008

[ Fortsetzung auf der niichsten Seite]



CA 02658148 2009-01-06

WO 2008/006768 A1 U1 ! AR AR 1 0 0T AR R RN R

GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, — vor Ablauf der fiir Andemngen der Anspriiche geltenden
/M, ZW), eurasisches (AM, AZ, BY, KG, K7, MD, RU, Frist; Verdffentlichung wird wiederholt, falls Andemngen
TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK, eintreffen

EE, ES, FI, FR, GB, GR, HU, IE, IS, I'T, LT, LU, LV, MC,
MT, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF,

CG, Cl, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 1D, 7,, Erkldrung der Zweibuchstaben-Codes und der anderen Ab-

1G). kiirzungen wird auf die Erkldrungen ("Guidance Notes on Co-
Veroffentlicht: des and Abbreviations") am Anfang jeder reguliiren Ausgabe der
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(57) Zusammenfassung: Die Erfindung betrifft einen Empfinger fiir ein quadraturmoduliertes Signal, das in ein Inphase- (I) und
ein Quadratur-Signal (Q) aufteilbar ist. Das Inphase-Signal (I) wird einem ersten und einem dritten Entzerrer (EZI, EZ3) und 10 das
Quadratur-Signal (Q) einem zweiten und einem vierten Entzerrer (EZ2, EZ4) zugefiihrt, wobei der erste und zweite Entzerrer (EZI,
EZ2) jeweils eine erste Entzerrung des jeweiligen Signals durchfiihrt. Ein Ausgang des ersten Entzerrers (EZI]) ist mit einem zweiten
Eingang des vierten 15 Entzerrers (EZ4) verbunden, der durch eine zweite Entzerrung des Quadratur-Signals (Q) in Abhédngigkeit
vom zugefiihrten entzerrten Inphase-Signal (II) des ersten Entzerrers (EZI) ein entzerrtes Quadratur-Signal (Q2) abgibt. Ein Aus-
gang des zweiten Entzerrers (EZ2) ist mit einem zweiten Eingang des 20 dritten Entzerrers (EZ.3) verbunden, der durch eine zweite
Entzerrung des Inphase-Signals (I) in Abhédngigkeit vom zugefiihrten entzerrten Quadratur-Signal (Ql) des zweiten Entzerrers (EZ.2)
ein entzerrtes Inphase-Signal (12) abgibt.
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Description

A RECEIVER STRUCTURE AND METHOD FOR THE DEMODULATION OF A
QUADRATURE-MODULATED SIGNAL

Digital information 1s transmitted by one or more signals using

a multiplicity of methods. To generate a signal with digital
information, so called digital modulation methods are used. In
these methods the binary information 1s 1mpressed or modulated
onto a carrier. It 1s a characteristic of the digital
modulation methods that only discrete amplitude, phase or
frequency values are used for the i1mpression, such a discrete
value corresponding to a binary value or a binary seguence. In

principle, these digital modulation methods are divided into

amplitude shift keying, ASK for short, phase shift keying, PSK

for short, or frequency shift keying, FSK for short.
Combinations of amplitude, phase and/or frequency shift keying
are also possible, however. Freguently, a combination of

amplitude and phase shift keying 1s used which i1s also called

quadrature amplitude modulation, QAM for short. Depending on
the number of discrete wvalues, 1t 1s called 16-QAM, 64-QAM

etc., a discrete value 1n each case corresponding to a

particular amplitude and phase value of the signal.

When two discrete amplitude, phase or freguency values are
used, one value, as a rule, corresponds to a logical zero and
the other value to a logical one. If several discrete values
are used, each value corresponds to a binary sequence. In the
case of four discrete values, for example, as in the case of
quaternary phase shift keying, 4-PSK or QPSK for short, in
which four phase states such as 0 degrees; S0 degrees;
180 degrees; 270 degrees are defined, i1n each case two bits per
value can be transmitted (00, 01, 11, 10). In the case of eight
defined values as 1in the case of an octonary amplitude (8-ASK),

phase
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(8-PSK), or fregquency (8-FSK) shift keying or octonary
quadrature amplitude modulation (8-QAM), three Dbits can be

transmitted simultaneously.

The use of a multiplicity of discrete values or levels 1s also

called multi-level modulation or multi-level modulation method,

respectively.

To generate multi-level signals, particularly multi-level
rhase-modulated or amplitude-phase-modulated signals, the so-
called quadrature modulation 1s frequently used. In this
arrangement, a generated carrier 1s duplicated into a first and
second carrier. The first carrier is directly modulated with a

first, so-called in-phase signal. The second carrier 1s

modulated with a second, so-called guadrature signal and
displaced by 90° or Pi/2 in phase with respect to the first

carrier. Following this, both carriers modulated in this manner

are combined again and form a so-called guadrature-modulated

signal. The 1n-phase and quadrature signals are generated by an
encoder. The latter generates the corresponding 1in-phase and
quadrature signals from the data signal supplied. This 1s shown
in principle in figure 1 for an optical transmission. A data
signal, for example a 40-Gbit signal, 18 supplied to an encoder
EN which 1n each case generates an 1in-phase and quadrature
signal. These are 1n each case supplied to a Mach-Zehnder
modulator MZM which in each case modulates a carrier which 1is
generated by a laser diode and supplied to both Mach-Zehnder

modulators MZM. One o0of the two modulated carriers 1s phase

L

shifted by 90° or Pi/2 and the two signals are then combined by
a combiner C to form a quadrature-modulated signal. This signal

18 transmitted by means of a transmission link US which 1is

constructed as optical waveguide SSMF and can have dispersion-

compensating means DCF and amplifiers EDFA. At the receiver
end, the transmitted signal 18 band-pass filtered, 1f

necessary, 1n a receiver RX and the two in-phase and
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quadrature signals are recovered with means known to the
expert.

There 18 a number of methods available for evaluating the

recelved 1n-phase and quadrature values.

The received 1n-phase and guadrature values are evaluated with

equallzers, deciders and filters, respectively.

An equalizer 1n the sense o0of the present invention 1is
understood to be a decider which delivers a decision in
accordance with a predetermined decision space depending on the
level of the signal supplied. This decision space is defined by
so-called metrics.

An optimal equalization of multi-level modulation methods 1is
Known from the field of electrical communication, an
1implementation for arbitrary data rates being restricted by the
processing speed of electronic components. An optimum
equalization which may be achievable in the electrical domain

18 not possible, 1n particular, in the optical transmission
wilth correspondingly high data rates.

An equalization is specified in US 2003/0007552 Al which uses
for this purpose a reduced alphabet equalizer with iterative
equalization.

In US 2003/0063681 Al, an arrangement and a method for

recognizing digital data by means of MLSE and dynamically
varied trellis is specified.

In European patent application EP 1 494 413 Al, an MLSE for

optical systems 1s specified which works with a one-dimensional

metric and determines the latter.
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The two 1n-phase and gquadrature signals form the quadrature-
modulated signal. This can be represented illustratively 1n a
two-dimensional plane, the 1n-phase signal being shown on the
X-axis and the qguadrature signal being shown on the Y axis. A
signal wvalue or signal state of the quadrature-modulated
signal 1s a point 1in this two-dimensional plane. The
amplitude corresponds to the distance from the center point
and the phase corresponds to the angle referred to the
positive X axis 1in the counterclockwise direction. In the
case of a phase modulation or phase shift keying with constant
amplitude, the discrete phase values are thus located on a
circle around the center point of the coordinate system and

the phase angle or phase value corresponds to the angle to the

positive X axis. In figure 2, this is shown by way of example
for quaternary phase shift keying (QPSK). Four discrete phase
values (45°, 135°, 225°, 315°) are shown to which a dual bit
is in each case allocated (00, 10, 11, 01).

In the case of an amplitude phase modulation or quadrature

amplitude modulation, respectively, discrete polnts are

established in accordance with a raster in the two-dimensional
coordinate system for a bit sequence. The angle and the

distance from the center point form phase and amplitude

values, respectively.

It is the object of aspects of the present invention to

improve the demodulation of quadrature-modulated signals.

Accordingly, in one aspect there is provided a. receiver for a
quadrature-modulated signal which can be divided into an in-
phase signal and a quadrature signal, wherein the in-phase

signal is supplied to a first and a third equalizer and the

quadrature signal 1is supplied to a second and a fourth

equalizer, in which the first and second egualizer 1n each

case carries out a first equalization of the respective

signal, wherein an output of the first equalizer 1s connected

to a second input of the fourth equalizer which, by means of a

second equalization of the quadrature signal 1in dependence on
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the supplied equalized in-phase signal of the first equalizer,
delivers an equalized quadrature signal;

wherein an output of the second equalizer 1s connected to
a second input of the third equalizer which, by means of a
second equalization of the in-phase signal 1in dependence oOn
the supplied equalized quadrature signal of the second

equalizer, delivers an equalized in-phase signal.

According to another aspect there is provided a method for
equalizing a gquadrature-modulated signal which is divided into
an in-phase signal and a quadrature signal, wherein:

by means of an equalization of the in-phase signal, an
equalized first in-phase signal is generated;

by means of an equalization of the quadrature signal, an
equalized first quadrature signal is generated;

by means of a further equalization of the quadrature
signal in dependence on the equalized first in-phase signal,
an equalized second quadrature signal 1is generated and
delivered; and

P

by means of a further equalization of the in-phase signal

in dependence on the equalized first quadrature signal, an

equalized second in-phase signal is generated and delivered.

The advantage of the invention consists 1in that the 1n-phase
signal 1is determined by a cross-connected arrangement of
several equalizers, taking into consideration the quadrature
signal determined, and vice versa, as a result of which a more

accurate determination of the transmitted signal sequence 1S

possible. Furthermore, this determination can be implemented
in a simple and economic manner particularly 1in the case of

optical transmission, even at high data rates.

Advantageous embodiments of the invention are specified 1n the

subclaims and in the exemplary embodiment.
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In an advantageous embodiment of the invention, the

equalization 1s carried out several times so that the signal

transmitted originally 1s determined even more accurately.

An exemplary empbodiment of the 1invention will be explained in

greater detail with reference to the drawing, in which:

figure 1 shows an optical transmission system
figure 2 show a signal constellation

figure 3 shows a block diagram of the receiver arrangement
according to the invention

figure 4 shows a further embodiment according to figure 3.

figure 5 shows a diagram and a table for explaining the

invention.

Figure 1 shows an optical transmission system according to the
prior art, already described in the introduction. Figure 2
shows a sgignal constellation, already described, for a QPSK
signal or quadrature phase shift keying signal, respectively.

p—

Figure 3 shows a block diagram of the arrangement according to

the 1invention for evaluating the in-phase and quadrature

signal. It has eight equalizers EZ1 to EZ8. The in-phase signal
1s in each case supplied to equalizers EZ1l, EZ3, EZS and EZ7 at

their first input El1. The guadrature signal Q is in each case

supplied to equalizers EZ2, EZ4, EZ6, and EZ8 at their first

inputs E1. The output signal Il of the first egualizer EZ1 1is
supplied to a second input of the fourth equalizer EZ4. The

output signal Q1 of the second equalizer EZ2 is supplied to a

second input of the third equalizer EZ3. The output signal I2
of the third equalizer EZ3 is supplied to a second input of the
sixth equalizer EZ6. The output signal Q2 of the fourth
equalizer EZ4 1is supplied to a second input of the fifth

equalizer EZS5. The output signal I3 of the fifth equalizer EZ5
1s supplied to a second input of the eighth equalizer EZ8. The
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output signal Q3 of the sixth equalizer EZ6 1s supplied to a

e

second 1nput of the seventh
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equalizer EZ7, at the output of which the eqgualized 1in-phase

signal I4 1s delivered. At the output of the eighth equalizer

EZ8, the equalized quadrature signal Q4 1s delivered.

The operation 1s as follows. In 1n-phase signal I 1s supplied
to the first equalizer EZ1 which equalizes the 1n-phase signal

I and delivers an equalized first in-phase signal I1 and

supplies 1t to the fourth equalizer EZ4. The latter equalizes

the quadrature signal Q supplied to it 1n dependence on the

equalized first 1in-phase signal Il and delivers an equalized
second quadrature signal Q2 at 1ts output.

The second equalizer EZ2 equalizes the quadrature signal Q
supplied to 1t and delivers an equalized first quadrature
signal Q1 which 1s supplied to the third equalizer EZ3. The
latter equalizes the in-phase signal I supplied to it at the
first 1nput 1n dependence on the egualized first gquadrature
signal Q1 and delivers an equalized second in-phase signal I2

at i1ts output A.

In the most basic case of the invention, the second in-phase
signal I2 equalized 1in this manner and the second quadrature
signal Q2 equalized in this manner are now available for
further processing.

The advantage consists 1in that there is not only a singular
equalization of the respective signal but an egualization of
the signal in dependence on the respective other signal
transmitted and equalized. This provides for a more accurate

decision about the transmitted signal sequence.

The equalized second in-phase signal I2 and the eqgqualized

second quadrature signal Q2 can now be repeatedly equalized in

further stages, taking into consideration the respective other

signal component. According to figure 3, the equalized second

in-phase signal I2 is thus supplied to a further equalizer EZ6
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at 1ts second input, which equalizes the quadrature signal Q

supplied to 1t at its first input El
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1n dependence on the equalized second in-phase signal I2 and
delivers an equalized third quadrature signal Q3 at the output.
This can be supplied to a further stage. According to figure 3,

the equalized third quadrature signal Q3 1s supplied to a

second 1nput of the sgseventh equalizer EZ7 which equalizes the
in-phase signal I supplied at its first input E1 in dependence
on the equalized third quadrature signal Q3 and delivers a
fourth equalized in-phase signal I4 at its output.

Correspondingly, the equalized second quadrature signal Q2 of
the fourth equalizer EZ4 1s supplied to the fifth equalizer EZS

at 1ts second input. The latter equalizes the in-phase signal I

supplied at 1its first input 1in dependence on the supplied
equalized second quadrature signal Q2 and delivers an equalized
third in-phase signal I3 at its output. This signal, in turn,
can be supplied to a second input of the eighth eqgualizer EZS8
which equalizes the quadrature signal Q supplied at its first

1nput 1n dependence on said quadrature signal Q and delivers at

1ts output A an equalized fourth quadrature signal Q4.

Further stages for equalization can be correspondingly

connected downstream.

It 1s the core of the invention that at least one first stage
of equalization 1is carried out with equalizers EZ1, EZ2 which

is followed by a second stage of equalization with equalizers

EZ3, EZ4 which equalize their respective signal in dependence

on the first equalization of the respective other signal.

These can be followed analogously by third, fourth, fifth etc.

stages.

Figure 4 shows an arrangement according to figure 3, with the
difference that before the equalization, the in-phase and

quadrature signals are converted from analog to digital by

means of analog/digital converters ADC1, ADC2 so that a digital
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equalization can be performed. For this purpose, the equalizers

can be constructed as digital filters or maximum likelihood
sequence estimation equalizers. These maximum likelihood
sequence estimation equalizers or devices, MLSE for short,

usually have a comparison or decision table which 1s filled

with data and metrics in order to be able to reliably estimate
the transmitted signal sequence of the respective channel. The
invention 1s thus quite suitable for trellis-coded signals.

The data of the metrics are generated by a metrics generator MG
which 1s supplied, on the one hand, with received in-phase and

quadrature signals and, on the other hand, the equalized in-

phase and quadrature signal or signals, i.e. the equalized in-
phase or qguadrature signal of the last stage depending on the
number of stages. By comparing the unequalized and equalized
in-phase and quadrature signals and by using previously
determined test sequences, estimations about the decision space
for a signal sequence transmitted in the respective signal path
(ln-phase or quadrature) can thus be determined. These data or
metrics are supplied to the equalizers by means of which the
latter are i1nitialized or loaded.

The data or metrics are stored in a comparison table of the
equalizer. A suitable algorithm, such as e.g. the Viterbi
algorithm, now determines from the supplied (in-phase,

el

quadrature) signals by means of the table the signal sequence

most probably transmitted. In the equalizers (EZ1l, EZ2) of the

first stage, this determination is carried out on the basis of

the supplied 1n-phase or quadrature signal alone. In the

equalizers of the subsequent stage(s), this determination is
carried out taking into consideration the other signal. More

complex data or metrics are used 1in the equalizers of the

subsequent stage(s).

Such a table with decision diagram for selecting a metric is

shown in figure 5.
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An egualizer 1n the sense of the present invention 1is
understood to be a decider which delivers a decision according
to a predetermined decision space depending on the level of the
signal supplied.

In this arrangement, an equalizer of the first stage has at
least one one-dimensional decision space, 1.e. an associated

output signal 1s only delivered on the basis of the supplied

input signal.

In the further stages, the equalizers have at least one two-
dimensional decision space, 1.e. the decision of the output
signal to be delivered 1s made taking into consideration the
equalization of the other path in each case. The decision space
1s determined by the metrics. I.e. the metrics are used for
making the decision. For the decision, each equalizer has a
metric corresponding to figure 5, for example a metric table,
according to which, for a received in-phase signal value, the
in-phase signal value probably transmitted is determined taking

into consideration the quadrature signal value in accordance

with figure 5. I.e., there is a so-called probability density
function, WDF

_—

for short, for received combinations of the in-
phase and quadrature signals in order to be able to determine

the i1n-phase and quadrature signals most probably transmitted.

The equalizer can also be implemented in such a manner that its
decision 1s made by

a) a threshold switch such as an adaptive threshold switch or
a threshold switch with distributed feedback equalizer, or

b) a detection unit or

C) an MLSE.

In this context, the threshold switch, the detection unit or
MLS.

B

can be preceded by a filter such as a finite impulse

response filter, FIR filter for short, an infinite impulse

response filter, IIR filter for short, or an analog filter.
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In the text which follows, the 1i1nvention will be discussed

agaln 1n greater detail.
In the case of multi-level modulation methods, a bit seqgquence

Or a bit pattern 1s8 represented by a point 1n the two-
dimensional representation or in the complex signal space,
respectively. During the transmission of a quadrature-modulated
signal, both the in-phase component and the quadrature
component are distorted, 1.e. a point 1n the signal space at

the transmitting end no longer corresponds to the point in the

signal space at the receiving end.
Since the distortion generally affects both the in-phase

component (the real component) and the gquadrature component
(the 1maginary component) and the two components are coupled

together, the 1nformation contained in the coupling is

neglected 1n the case of separate equalization. According to
the 1nvention, the coupling information is now utilized in such
a manner that the first equalization stage evaluates both
components separately and they are mutually taken into
consideration in the subsequent stages.

There 1s only a restricted number of path metrics or state
transitions for the signal sequence transmitted available to
the first equalization stage. The restriction is based on the
fact that, in this first equalization stage, only one of two
(or more) possible dimensions are taken into consideration for
the evaluation. This reduction results in metrics which are the
result of an averaging over a relatively large number of state
transitions originally modeled multi-dimensionally.

In the second equalization stage, the metrics to be considered
for the complementary signals already determined can be
selected from a relatively large number of states or state
transitions and thus more or more accurate information can be

used for the equalization. The predecision of the complementary
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signal (in-phase or quadrature) provides a measure of the

probability of the state of a signal to be evaluated and is

used as selection criterion.
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The coupling information can now be utilized step by step in

the best possible manner in further equalization steps.

As a rule, the gain 1n performance decreases step by step with
the number of stages. The comparison of the equalized sequences
of two successive stages (iterations) 1s a measure of the gain

in performance. The 1lower the change, the lower the gain 1in

performance. If no more changes occur from a particular stage
onward, a maximum equalilzation has Dbeen performed. The

equalization can be terminated in or after this stage.

The 1nvention 1s 1independent of a method for determining the
metrics by the metrics generator MG. This can be done
independently of the equalization, for example operate in a

rigid and hardware-based manner.

-

Due to the parallel arrangement of interconnected individual

p— |

components according to the 1invention, a low level of
complexity 1s achieved which provides for simple equalization

of multi-level modulation methods.

If the complexity i1is measured by means of the states in the
equalizer, M" states are obtained for the optimum complex
equallzer with a memory length L of the equalizer and a number
M of discrete values or levels of the multi-level modulation
method. In contrast, a complexity of (2-1i-2%) sgtates 1is
obtained for a concatenation according to the invention with i
cascaded equalizer stages or iterations which are arranged in

two parallel chains.

Using equalizers such as, in particular, MLSE, and cross-
coupling them makes it possible to achieve a higher performance
1n comparison with individual components (MLSE) in the case of

high processing rates or data rates.
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A reduction 1in complexity 1s achieved by the cross-coupled
1terative arrangement.

In this arrangement, all components can be implemented based on
hardware which makes 1t possible to achieve very high data

rates.

Furthermore, each equalizer can be followed by a forward error

correction unit, FEC uwunit for short, for error correction.

Thus, FEC units can be arranged between individual equalizers.

Furthermore, each equalizer can use one and the same metric of

the metrics generator MG so that this synergy provides an

economic arrangement or method, respectively.

Furthermore, the equalizer of the first stage can be, for
example, an MLSE, a threshold decider or another detection

unit. The first stage only needs a halfway “correct”

estimation, BER<10%. If an MLSE 1s used, the synergy effect in

the formation of the metrics based on the probability densities
WDFs can be utilized. These can be formed from the metrics of
the subsequent stages by simple averaging. For the second stage
(1st 1teration) a distinction must be made between the
“complete” metric, which contains all possible states and their
WDFs, and their subsets.

Using a predecision, an “advantageous” subset 1s selected from
CLhe complete metric. For example: a state modeling with three

symbols for QPSK modulation: Z={Iv, Qv, I, Q, In, Qn}, binary

I, Q; 473 states. Iv, I, In are known from the I path of the

preceding iteration. For the current iteration of the Q path,

only states containing this pattern are selected, 1i.e. the
remaining 273 advantageous states only contain permutations

with respect to Qv, Q, On.



CA 02658148 2012-05-01

~ 13-

What is claimed is:

1. A receiver for a quadrature-modulated signal which can be
divided 1nto an i1n-phase signal and a quadrature signal,
wherein the 1n-phase signal is supplied to a first and a third
equalizer and the quadrature signal 1s supplied to a second
and a fourth equalizer, in which the first and second
equalizer in each case carries out a first equalization of the
respective signal, wherein an output of the first equalizer 1s
connected to a second input of the fourth equalizer which, by
means of a second equalization of the guadrature signal 1n
dependence on the supplied equallzed in-phase signal of the
first equalizer, delivers an equalized quadrature signal;

wherein an output of the second equalizer 1s connected to
a second input of the third equalizer which, by means of a

P

second equalization of the in-phase signal in dependence on

the supplied equalized quadrature signal of the second

equalizer, delivers an equalized 1n-phase signal.

2. The receiver as claimed in claim 1, wherein the in-phase
signal is supplied to a fifth equalizer and the quadrature
signal is supplied to a sixth equalizer, and the output of the
third equalizer is connected to a second input of the sixth

equalizer and the output of the fourth equalizer 1is connected

to a second input of the fifth equalizer so that the fifth and
sixth equalizer carry out a third equalization in dependence
on the result of the second equalization of the other signal
in each case and an equalized in-phase signal. or quadrature

i~

signal is present at the output of the fifth and sixth

equalizer.

3. The receiver as claimed in claim 2, wherein further
equalizers are provided which are in each case supplied wilth
the in-phase signal or quadrature signal and the respective
other equalized signal of the preceding stage so that at least

one further egualization can be carried out.
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4 . The receiver as claimed in any one of claims 1 to 3,
wherein the signal path of the in-phase signal and of the
quadrature signal in each case has an analog/digital

converter.

5. The receiver as claimed in any one of claims 1 to 4,

wherein the equalizers are constructed as digital filters.

6. The receiver as claimed in any one of claims 1 to 5,
wherein the equalizers are constructed as maximum likelihood

sequence estimation equalizers.

7. The receiver as claimed in any one of c¢laims 1 to 4,
wherein at least one equalizer is constructed as a series
circuit of a filter and of a maximum likelihood seqguence

estimation equalizer or of a threshold switch or a detection

device.

8. The receiver as claimed in claim 7, wherein the filter 1is
constructed as one of a finite impulse response filter, an

infinite impulse response filter, and an analog filter.

9. The receiver as claimed in any one of claims © to 8,
wherein the maximum likelihood sequence estimation equalizers

have a comparison table and a comparison device which carries

out a Viterbi algorithm.

10. The receiver as claimed in claim 9, wherein the

-

comparison table of the first and second équalizer 18
initialized with first data of a first metric and the further

equalizers are initialized with second data of a second

metric.

11. The receiver as claimed in claim 10, wherein the first
and second data of the first and second metric originate from
a comparison of the unequalized 1in-phase signals and

quadrature signals with the equalized in-phase signals and
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gquadrature signals.

12. The receiver as claimed i1n any one of claims 1 to 11,
wherein at least one equalizer is followed by a forward error

correction unit.

13. A method for equalizing a quadrature-modulated signal
which is divided into an in-phase signal and a quadrature
signal, wherein:

by means of an equalization of the in-phase signal, an
equalized first in-phase signal 1s generated;

by means of an equalization of the quadrature signal, an
equalized first quadrature signal is generated;

by means of a further equalization of the qguadrature
signal in dependence on the equalized first in-phase signal,
an equalized second quadrature signal 1s generated and

delivered,; and

by means of a further equalization of the in-phase signal
in dependence on the equalized first guadrature signal, an

equalized second in-phase signal is generated and delivered.

14. The method as claimed in claim 13, wherein the in-phase
signal is supplied to a further equalizer in a downstream
direction together with the equalized second quadrature
signal, said further equalizer equalizes the in-phase signal
in dependence on the equalized second guadrature signal and

delivers an equalized third in-phase signal, and the

quadrature signal is supplied to a further equalizer 1n a
downstream direction together with the equalized second in-
phase signal, said further equalizer equalizes the quadrature
signal in dependence on the equalized second in-phase signal

and delivers an equalized third quadrature signal.

15. The method as claimed in claim 14, wherein further
equalizers are connected downstream which are in each case
supplied with the in-phase signal or quadrature signal and the

respective other equalized signal of the preceding stage soO
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that at least one further equalization 1s carried out.

16. The method as claimed in any one of claims 13 to 15,
wherein before the equalization, the in-phase signal and the

quadrature signal are converted from analog to digital.

17. The method as claimed in claim 16, wherein the equalizers

are constructed as digital filters.

18. The method as claimed in any one of claims 13 to 17,
wherein the equalizers are constructed as maximum likelihood

sequence estimation equalizers.

19. The method as claimed in claim 18, wherein a comparison
table and a comparison device executing a Viterbi algorithm
are provided in the maximum likelihood sequence estimation

equalizers.

20. The method as claimed in claim 19, wherein the comparison
table of the first and second equalizer is initialized with
first data of a first metric and the further equalizers are

initialized with second data of a second metric.

21. The method as claimed in claim 20, wherein the first and
second data of the first and second metric are determined by
comparing the unequalized in-phase signal or quadrature signal
with the equalized in-phase signal or quadrature signal,

respectively.
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