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(57) Abstract: It is described a transmission
system (100), in particular for a digital sub-
scriber line transmission. The transmission
system comprises a first plurality of input ter-
minals (110, 120), a first plurality of output
terminals (111, 121), a plurality of conductor
pairs (150), each conductor pair being as-
signed to one of the first plurality of input ter-
minals (110, 120) and to one of the first plur-
ality of output terminals (111, 121), wherein
each conductor pair is formed by a first con-
ductor and a corresponding second conductor,
a second plurality of input terminals (130,
140), and a second plurality of output termin-
als (131, 141). Each conductor pair (150) is
adapted to transmit signals to an assigned one
of the first plurality of output terminals (111,
121) and to at least two of the second plurality
of output terminals (131, 141). The number of
input terminals of the first plurality of input
terminals (110, 120) corresponds to the num-
ber of input terminals of the second plurality
of input terminals (130, 140), to the number of
output terminals of the first plurality of output
terminals (111, 121) and to the number of out-
put terminals of the second plurality of output
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DESCRIPTION

Transmission system

Field of invention

The present invention relates to the field of transmission
systems, especially to a transmission system for digital

subscriber line transmission.

Art Background

In transmission systems, in particular in digital subscriber
line (DSL) transmission systems, conductors are used for
transmitting signals. In many systems, pairs of conductors
are used for transmitting one signal due to different earth
potential. However, as distortions are not always equal on
each of the conductors, a common signal may be added to both
conductors. At the receiving point, the common signal and
thus distortions occurring during transmission may be
computationally eliminated. However, still only one signal

may be transmitted by one conductor pair.

The amount of users for such transmission systems and thus
also the capacity requirements are increasing. Thus, there
may be a need for an improved system and method extending the
transmission capacities of a transmission system, for

instance being used for a DSL transmission.

Summary of the Invention

This need may be met by the subject matter according to the
independent claims. Advantageous embodiments of the present

invention are described by the dependent claims.
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According to a first aspect of the invention there is
provided a transmission system, in particular for a digital
subscriber line transmission. The transmission system
comprises a first plurality of input terminals, a first
plurality of output terminals, a plurality of conductor
pairs, each conductor pair being assigned to one of the first
plurality of input terminals and to one of the first
plurality of output terminals, wherein each conductor pair is
formed by a first conductor and a corresponding second
conductor, a second plurality of input terminals, and a

second plurality of output terminals.

Fach of the first plurality of input terminals is adapted to
supply a first part of a primary-type signal to a first
conductor of one of the plurality of conductor pairs and a
second part of the primary-type signal to the corresponding
second conductor. The first part and the second part of the

primary-type signal are indicative for one digital signal.

Each of the second plurality of input terminals is adapted to
supply a first part of a secondary-type signal to at least
one of the plurality of conductor pairs in addition to the
first part and the second part of the primary-type signal.
Each of the second plurality of input terminals is further
adapted to supply a second part of the secondary-type signal
to at least a further one of the plurality of conductor pairs
in addition to the first part and the second part of the
primary-type signal. The first part and the second part of
the secondary-type signal are indicative for one digital

signal.

It should be noted that each input terminal of the first
plurality supplies a separate or single primary-type signal
and that each input terminal of the second plurality supplies

a separate or single secondary-type signal.
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FEach conductor pair is adapted to transmit signals to an
assigned one of the first plurality of output terminals and
to at least two of the second plurality of output terminals.
The number of input terminals of the first plurality of input
terminals corresponds to the number of input terminals of the
second plurality of input terminals, to the number of output
terminals of the first plurality of output terminals and to
the number of output terminals of the second plurality of

output terminals.

This aspect of the invention is based on the idea to provide
an enhanced transmission system, in which the number of
transmittable signals can be enhanced. This may be achieved
by providing, in addition to the transmission channel being
provided by each conductor pair, so called “phantom
channels”. Phantom channels are based on the idea to add
signals, in this context called secondary-type signals, here
by the second plurality of input terminals, to the signals
being supplied by the first plurality of input terminals, in

this context called primary-type signals.

The terms “primary-type” and “secondary-type” in this context
may denote that the primary-type signals are supplied by the
first plurality of input terminals, and that the secondary-
type signals are supplied by the second plurality of input

terminals, providing the so-called phantom channels.

This may denote that, for each conductor pair, a primary-type
signal is split in two parts and supplied to a conductor
pair, i.e., the first part of the signal is supplied to a
first conductor and the second part of the signal is supplied
to the second conductor of one conductor pair. Typically, the
first part is a positive amount of the signal and the second
part is a negative amount of the signal. However, this may

also be wvice versa or any other kind of splitting.
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In addition, a further, secondary-type signal is split in two
parts, typically a positive amount and a negative amount, and
these parts are supplied to different conductor pairs, at
least two conductor pairs. In effect, one part is supplied to
the first and the second conductor of a conductor pair. The
same signal may be supplied to a plurality of the conductor

pairs.

Based on this approach, each conductor pair transmits several
signal or signal parts. Thus, “phantom channels” may be

provided.

Conductor pairs in this context may denote any kind of
conductor being able to transmit signals. Signals in this
context may denote optical or electrical signals. The
conductors may be used in a pair configuration, wherein two
conductors are typically used for one signal. Conductors in
this context may be for instance wires, for example copper
wires transmitting electrical signals. Conductors may also

denote optical fibres transmitting optical signals.

According to an embodiment of the invention, the number of
signals being transmitted corresponds to the number of
conductors being provided by the plurality of conductor

pairs.

This may denote that for each conductor pair representing one
channel, one additional (“phantom”) channel may be provided.
In other words, if the number of conductor pairs in the

system is n, the number of transmittable signals 1is 2n.

Another approach to reach a number 2n of transmittable
signals 1s to use MIMO techniques. MIMO (multiple in multiple
out) techniques are typically used in mobile communications.
Crosstalk is one of the main limiting factors in DSL
transmission systems and significant efforts are done to

cancel this. In order to use the nomenclature of mobile
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communications, the DSL prior art uses arrays of decoupled

SISO (single in single out) transmissions.

Using MIMO in DSL system, using 2n conductors/wires
corresponds to using 2n sending and 2n receiving antennas.
Connections between a “sending antenna” and a “receiving
antenna” that are not start and end point of the same wire
arise through crosstalk. So, the former problem crosstalk may
become a virtue and may take the place of multipath

transmission. The same holds for echos and other effects.

Generally, there are three main advantages for MIMO in
comparison to SISO techniques, namely diversity gain, array

gain, and spatial multiplexing gain.

Relevant here is the latter; where by a higher expense of
signal processing complexity the throughput gains can be

achieved.

Implementing MIMO to a DSL transmission system using the
first plurality of input terminals and the first plurality of
output terminals, may refer to an application of spatial
multiplexing MIMO where the starting points of the wires
(input terminals) are identified as sending antennas and the
endpoints (output terminals) as receiving antennas. The
signal power can be significantly higher than in traditional
DSL techniques as now crosstalk and even what otherwise was
considered noise form transmission channels as explained
above. Whether open loop or closed loop MIMO should be used,
can be adapted according to specific requirements. The DSL
MIMO channel estimations may be much more stable than those
of wireless transmission schemes simply because of a very
limited range and magnitude of possible perturbations and a

much longer time scale of these perturbations.

According to a further embodiment of the invention, each of

the first plurality of output terminals 1is adapted to
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retrieve the corresponding primary-type signal from the
assigned conductor pair, wherein the retrieved signal is
indicative for a digital signal, and each of the second
plurality of output terminals is adapted to retrieve the
corresponding secondary-type signal by retrieving different
signals from the plurality of conductor pairs and by
determining the corresponding secondary-type signal from the
retrieved different signals based on a predefined
transmission scheme, wherein the corresponding secondary-type

signal is indicative for a digital signal.

FEach of the first plurality of output terminals each being
assigned to one of the plurality of conductor pairs may
retrieve the primary-type signal which has been supplied
directly by the corresponding input terminal to this
conductor pair. Each of the second plurality of output
terminals may retrieve signals from all conductor pairs and
may calculate the secondary-type signal being supplied by a
corresponding input terminal based on the predefined

transmission scheme from all retrieved signal parts.

According to a further embodiment of the invention, the
predefined transmission scheme is defined by a predefined

transmission matrix.

The rank of such a transmission matrix may define the number
of different signals that can be received. A transmission
matrix may define transformations which occur to signals

being transmitted over the conductor pairs.

According to a further embodiment of the invention, the
predefined transmission matrix is defined dynamically based

on channel estimations.

The channel estimations may be performed by measurement based
on pilot signals. The transmission matrix may then be

calculated and used for signal processing for transmission.
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This may be based on MIMO techniques, in particular using

spatial multiplexing gain, as mentioned above.

The transmission matrix may be a NxN matrix, wherein N
corresponds to the number of conductors of the plurality of
conductor pairs. According to a further embodiment of the

invention, this matrix may acquire a rank N.

For a number of conductors equal to 2, the transmission
matrix is a 4x4 matrix. Such a matrix may have for instance

the form of

1 0 1 «a
-1 0 1 b
0 1 —-1c¢
0 -1 -1d

There are a number of possible solutions to yield a rank 4

transmission matrix, for instance a =b =1, ¢ =d = -1/2.

According to general laws of transmission systems, the
transmission scheme is further defined by a noise vector
representing noise being added to the signals during

transmission of the signals.

Typically, noise or distortions may occur during
transmission. A basic formula for a definition of the

transmission may be thus:

Here R stands for the vector of the received signals, H for
the NxN transmission matrix, ¥ for the vector of signals at

the sender side, and N for the vector of noise. The rank of

PCT/EP2012/055814
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the transmission matrix may define the number of different

signals that can be received.

According to a further embodiment of the invention, the
transmission system further comprises a plurality of
transforming units, wherein each of the first plurality of
input terminals is coupled to a corresponding one of the
plurality of transforming units and wherein each of the
second plurality of input terminals is coupled to a

corresponding one of the plurality of transforming units.

A transforming unit in this context may refer to a unit
comprising a transformer for transforming electrical energy
being indicative for an input signal of an input circuit into
electrical energy being indicative for signals to be
transmitted over the conductors. This may be performed by
inductively coupling. The transforming unit may also split

such a signal in two parts for two conductors.

According to a further embodiment of the invention, each
transforming unit is adapted to transform a digital signal in
an electrical signal and to split the electrical signal in a

first part and a second part.

The transforming unit may comprise a digital to analog
converter or an analog to digital converter for converting a
digital input signal into an electrical signal for
transmission and/or for converting the transmitted electrical

signal back to a digital signal.

According to a further embodiment of the invention, the
transmission system further comprises a further plurality of
transforming units, wherein each of the first plurality of
output terminals 1s coupled to a corresponding one of the
further plurality of transforming units and wherein each of

the second plurality of output terminals is coupled to a
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corresponding one of the further plurality of transforming

units.

A transforming unit in this context may refer to a unit
comprising a transformer for transforming electrical energy
being indicative for an input signal of an input circuit into
electrical energy being indicative for signals to be
transmitted over the conductors. This may be performed by
inductive coupling. The transforming unit may also split such
a signal in two parts for being supplied to different

conductors.

According to a further embodiment of the invention, each
transforming unit is adapted to transform a first part and a
second part of an electrical signal in a digital signal

Also the transforming units of output terminals may comprise
a digital to analog converter or an analog to digital
converter for converting a digital input signal into an
electrical signal for transmission and/or for converting the

transmitted electrical signal back to a digital signal.

According to a further embodiment of the invention, the
number of input terminals of the first plurality of input
terminals, the number of input terminals of the second
plurality of input terminals, the number of output terminals
of the first plurality of output terminals and the number of
output terminals of the second plurality of output terminals

is two.

According to this particular embodiment, the transmission
matrix would be a 4x4 matrix as described above. The number
of conductor pairs would be 2 and thus the number of

conductors would be 4.

According to a further embodiment of the invention, a
transmitter is provided, in particular for being connectable

to a digital subscriber line. The transmitter comprises a
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first plurality of input terminals being connectable to a
plurality of conductor pairs, each conductor pair being
assigned to one of the first plurality of input terminals,
wherein each conductor pair is formed by a first conductor
and a corresponding second conductor, and a second plurality
of input terminals. Each of the first plurality of input
terminals is adapted to supply a first part of a primary-type
signal to a first conductor of one of the plurality of
conductor pairs and a second part of the primary-type signal
to the corresponding second conductor, wherein the first part
and the second part of the primary-type signal are indicative
for one digital signal. Each of the second plurality of input
terminals is adapted to supply a first part of a secondary-
type signal to at least one of the plurality of conductor
pairs in addition to the first part and the second part of
the primary-type signal, and is adapted to supply a second
part of the secondary-type signal to at least a further one
of the plurality of conductor pairs in addition to the first
part and the second part of the primary-type signal, wherein
the first part and the second part of the secondary-type
signal are indicative for one digital signal. Each conductor
pair 1is adapted to transmit signals to an assigned one of a
first plurality of output terminals and to at least two of a
second plurality of output terminals. The number of input
terminals of the first plurality of input terminals
corresponds to the number of input terminals of the second
plurality of input terminals, to the number of output
terminals of the first plurality of output terminals and to
the number of output terminals of the second plurality of

output terminals.

According to a further embodiment, a receiver, in particular
for receiving signals from a digital subscriber line, is
provided. The receiver comprises a first plurality of
terminals being connectable to a plurality of conductor
pairs, each conductor pair being assigned to one of the first

plurality of terminals, wherein each conductor pair is formed



10

15

20

25

30

35

WO 2013/143604 PCT/EP2012/055814

-11-

by a first conductor and a corresponding second conductor,
and a second plurality of terminals. The receiver is adapted
to receive, via the first plurality of terminals and the
second of output terminals, signals from a transmitter via
the plurality of conductor pairs. The transmitter comprises a
first plurality of input terminals being connectable to the
plurality of conductor pairs, each conductor pair being
assigned to one of the first plurality of input terminals,
and a second plurality of input terminals. Each of the first
plurality of input terminals is adapted to supply a first
part of a primary-type signal to a first conductor of one of
the plurality of conductor pairs and a second part of the
primary-type signal to the corresponding second conductor,
wherein the first part and the second part of the primary-
type signal are indicative for one digital signal. Each of
the second plurality of input terminals 1s adapted to supply
a first part of a secondary-type signal to at least one of
the plurality of conductor pairs in addition to the first
part and the second part of the primary-type signal, and 1is
adapted to supply a second part of the secondary-type signal
to at least a further one of the plurality of conductor pairs
in addition to the first part and the second part of the
primary-type signal, wherein the first part and the second
part of the secondary-type signal are indicative for one
digital signal. Each conductor pair is adapted to transmit
signals to an assigned one of the first plurality of
terminals and to at least two of the second plurality of
terminals, wherein the number of input terminals of the first
plurality of input terminals corresponds to the number of
input terminals of the second plurality of input terminals,
to the number of terminals of the first plurality of
terminals and to the number of terminals of the second

plurality of terminals.

According to a second aspect of the invention, there is
provided a method for transmitting signals in a transmission

system, in particular for a digital subscriber line
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transmission. The transmission system comprises a first
plurality of input terminals, a first plurality of output
terminals, a plurality of conductor pairs, each conductor
pair being assigned to one of the first plurality of input
terminals and to one of the first plurality of output
terminals, wherein each conductor pair is formed by a first
conductor and a corresponding second conductor, a second
plurality of input terminals, and a second plurality of
output terminals. The method comprises (i) supplying, by each
of the first plurality of input terminals, a first part of a
primary-type signal to a first conductor of one of the
plurality of conductor pairs and a second part of the
primary-type signal to the corresponding second conductor,
wherein the first part and the second part of the primary-
type signal are indicative for one digital signal, (ii)
supplying, by each of the second plurality of input
terminals, a first part of a secondary-type signal to at
least one of the plurality of conductor pairs in addition to
the first part and the second part of the primary-type
signal, (i1ii) supplying, by each of the second plurality of
input terminals, a second part of the secondary-type signal
to at least a further one of the plurality of conductor pairs
in addition to the first part and the second part of the
primary-type signal, wherein the first part the second part
of the secondary-type signal are indicative for one digital
signal, and (iv) transmitting, by each conductor pair,
signals to an assigned one of the first plurality of output
terminals and to at least two of the second plurality of
output terminals, wherein the number of input terminals of
the first plurality of input terminals corresponds to the
number of input terminals of the second plurality of input
terminals, to the number of output terminals of the first
plurality of output terminals and to the number of output

terminals of the second plurality of output terminals.

Generally herein, the system and embodiments of the system

according to the first aspect may include units or devices
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for performing one or more functions described with regard to
the second aspect or an embodiment thereof. Vice versa, the
method and embodiments thereof according to the second aspect
may include performing one or more functions described with

regard to the first aspect or an embodiment thereof.

According to a third aspect of the herein disclosed subject-
matter, a computer program for transmitting signals in a
transmission system 1s provided, the computer program being
adapted for, when executed by a data processor assembly,
controlling the method as set forth in the second aspect or

an embodiment thereof.

As used herein, reference to a computer program is intended
to be equivalent to a reference to a program element and/or a
computer readable medium containing instructions for
controlling a computer system to coordinate the performance

of the above described method.

The computer program may be implemented as computer readable
instruction code by use of any suitable programming language,
such as, for example, JAVA, C++, and may be stored on a
computer—-readable medium (removable disk, volatile or non-
volatile memory, embedded memory/processor, etc.). The
instruction code is operable to program a computer or any
other programmable device to carry out the intended
functions. The computer program may be available from a
network, such as the World Wide Web, from which it may be

downloaded.

The herein disclosed subject matter may be realized by means
of a computer program respectively software. However, the
herein disclosed subject matter may also be realized by means
of one or more specific electronic circuits respectively
hardware. Furthermore, the herein disclosed subject matter
may also be realized in a hybrid form, i.e. in a combination

of software modules and hardware modules.
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In the above there have been described and in the following
there will be described exemplary embodiments of the subject
matter disclosed herein with reference to a transmission
system and a method of transmitting signals in a transmission
system. It has to be pointed out that of course any
combination of features relating to different aspects of the
herein disclosed subject matter is also possible. In
particular, some embodiments have been described with
reference to apparatus type embodiments whereas other
embodiments have been described with reference to method type
embodiments. However, a person skilled in the art will gather
from the above and the following description that, unless
otherwise notified, in addition to any combination of
features belonging to one aspect also any combination between
features relating to different aspects or embodiments, for
example even between features of the apparatus type
embodiments and features of the method type embodiments is

considered to be disclosed with this application.

The aspects and embodiments defined above and further aspects
and embodiments of the present invention are apparent from
the examples to be described hereinafter and are explained
with reference to the drawings, but to which the invention is

not limited.

Brief Description of the Drawing

Figure 1 shows a transmission system according to an

exemplary embodiment of the present invention.

Figure 2 shows a part of a transmission system according to

an exemplary embodiment of the present invention.

Figure 3 shows a part of a transmission system according to

an exemplary embodiment of the present invention.
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Figure 4 shows a part of a transmission system according to

an exemplary embodiment of the present invention.

Figure 5 shows a transmission system according to an

exemplary embodiment of the present invention.

It is noted that in different figures, similar or identical

elements are provided with the same reference signs.

Detailed Description

In the following, embodiments of the herein disclosed subject
matter are illustrated with reference to the drawings and
reference to aspects of current standards, such as DSL, and
their further developments. However, such reference to
current standards is only exemplary and should not be

considered as limiting the scope of the claims.

Figure 1 shows a transmission system 100 according to an
exemplary embodiment of the invention. The transmission
system may be used in particular for a digital subscriber

line transmission.

The transmission system comprises a first plurality of input
terminals 110, 120 and a corresponding first plurality of
output terminals 111, 121. The transmission system 100
comprises further a plurality of conductor pairs 150, each
conductor pair being assigned to one of the first plurality
of input terminals 110, 120 and to one of the first plurality
of output terminals 111, 121. Each conductor pair is formed
by a first conductor 150 and a corresponding second conductor
150.
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The transmission system 100 further comprises a second
plurality of input terminals 130, 140 and a corresponding

second plurality of output terminals 131, 141.

Fach of the first plurality of input terminals 110, 120 is
adapted to supply a first part of a primary-type signal to a
first conductor of one of the plurality of conductor pairs
150 and a second part of the primary-type signal to the
corresponding second conductor. The first part and the second
part of the primary-type signal are indicative for one

digital signal.

FEach of the second plurality of input terminals 130, 140 is
adapted to supply a first part of a secondary-type signal to
at least one of the plurality of conductor pairs 150 in
addition to the first part and the second part of the
primary-type signal. Further, each of the second plurality of
input terminals 130, 140 is adapted to supply a second part
of the secondary-type signal to at least a further one of the
plurality of conductor pairs 150 in addition to the first
part and the second part of the primary-type signal. As the
primary-type signals being supplied by the first plurality of
input terminals 110, 120, also the first part and the second
part of the secondary-type signal being supplied by the
second plurality of input terminals 130, 140 are indicative

for one digital signal.

FEach conductor pair 150 is adapted to transmit signals to an
assigned one of the first plurality of output terminals 111,
121 and to at least two of the second plurality of output
terminals 131, 141. Each of the second plurality of terminals
131, 141 is adapted to retrieve the signal being supplied by
the corresponding input terminal by receiving all signals of
all conductor pairs and by performing some calculations on

the received signals.
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The number of input terminals of the first plurality of input
terminals 110, 120 corresponds to the number of input
terminals of the second plurality of input terminals 130,
140, to the number of output terminals of the first plurality
of output terminals 111, 121 and to the number of output
terminals of the second plurality of output terminals 131,
141. This may denote that the number of conductors 150

corresponds to the number of transmitted signals.

The idea of this invention is to increase the DSL throughput
by introducing further phantom channels, i.e., virtual
channels in addition to the physical channels being provided
by the direct coupling of the first plurality of input
terminals 110, 120, the conductor pairs 150 and the first
plurality of corresponding output terminals 111, 121.

The data transmission speed over DSL connections may be
further increased by a combination of three techniques,

namely Phantom channels, vectoring, and EFM bonding.

Phantom DSL according to the herein described embodiments
allows to introduce so called phantom channels so that the
transmission matrix for a DSL connection using four wires can
have a rank up to four - this means that the throughput is
four times that of one wire. However, the upper limit might

be a rank of four.

The basic principle of DSL signal transmission is shown in
Figure 2. A signal Vsiy 1s provided to a transformer 210 of a
transmission system 200. The transformer 210 splits the
signal into V+ and V-, which may be typically V+ = -V-. Any
distortion 201 which may interfere with the wires or
conductors 250 is considered in one case as being equal on
the two wires. A transformer 211 builds again V’4,, which may
be usually V’/g4,=1/2(V'+ - V'-), wherein the distortion should

be canceled out.
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So, only one signal is transferred over the two wires. The
reason is that it is assumed to not be able to cancel the
distortion otherwise. In addition, the basic assumption of
having fully equal distortion on the two wires doesn’t hold

in general fully.

Thus, according to a further transmission system as shown in
Figure 3, a symmetric, common part P may be added via input
terminal 330 to the signal Vsiy, wherein the common part would
cancel at the receiver via output terminal 331. The common
part P may be added to V+ and V- as new signal. The
transformer builds again, here V'4=1/2(V’'+ + P/ - V- - P’"),
wherein the distortion and the additional signal P’ cancels

out.

In Figure 4, a transmission system 400 with one phantom
channel is shown. The idea of phantom channels is now to
first double the setup, i.e. use two pairs of wires. Then,
also the signal Psig is split into two parts P+ and P- and
regained at the receiver by taking the difference of the sums

of the signals on the two wire pairs.

The transmission system 400 comprises a second input terminal
420, corresponding conductor/wire pair and output terminal
421. A signal Wsiqy is transmitted over this wire pair. Via
input terminal 330, the two parts of signal Psig is added to
both wire pairs via lines 430. At the receiving side, the

common part representing signal P’giy 1s taken via lines 431.

The basic formula of a transmission over n channel is

—+ —+

R=HY N

Here R stands for the vector of the received signals, H for
the nxn transmission matrix, Y for the vector of signals at

the sender side, and N for the vector of noise. The rank of
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the transmission matrix gives the number of different signals

that can be received.

The phantom channel techniques so far have a rank 3
transmission matrix despite using 4 wires, i.e. 4
transmission channels. According to the so far described
embodiments, the transmission matrix can theoretically reach
rank n-1 when n is the number of copper wires used. According
to the embodiments shown in Figures 1 and 5 an n-th

transmission channel is introduced.

When looking at the above described setup (together with the
working assumptions), the transmission matrix H may assume

the following form:

I 0 1 a

-1 0 1 b

0 1 —-1¢

0 -1 -1d
A possible solution of this matrix may lead to a = b =1, ¢ =
d = -1/2. Translating this result into the above setup could

look 1like the transmission system as shown in Figure 5.

As explained above, the transmission system 500 of Figure 5
has a rank 4 transition matrix and in particular a fourth
signal Q at the transmitter side and Q’ at the receiver side.
In addition to the system 400 of Figure 4, this system
comprises a second phantom channel being provided by the
transformer 540, supplying the additional signal Qsig and the
corresponding transformer 541 retrieving the additional

signal Q7siq4.

Thus, an extended transmission system may be achieved,
wherein the overall throughput is enhanced. The additional

signals may be added to the physical wires in any
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combination. Thus, the additional signal Qsiq may be split
into QO+ and Q-, wherein QO+ is added to the transmission wire
of V and W, and Q- is only added to the transmission wire of

V or to the transmission wires of V and W.

It should be noted that this is just one example. Of course,
the additional (secondary-type) signals may be added to the
physical wires in any suitable combination. Typically, the
additional signal will be added to two of the primary-type
signals. That means, in this embodiment, the additional
signal Q will be added as a first part Q+ to the first part
V+ and the second part V- of signal V and to the first part
W+ and the second part W- of signal W. In addition, the
second part Q- of the signal Q will be added to the first
part V+ and the second part V- of signal V. In any case, one
part of the additional secondary-type signal will be added to

both conductors of a conductor pair.

Having regard to the subject matter disclosed herein, it
should be mentioned that, although some embodiments refer to
an “input terminal”, “transformer”, etc., it should be
understood that each of these references is considered to
implicitly disclose a respective reference to the general
term “transforming unit” or, in still other embodiments, to
the term *“unit providing transforming characteristics”. Also
other terms which relate to specific standards or specific
communication techniques are considered to implicitly
disclose the respective general term with the desired

functionality.

According to embodiments of the invention, any suitable
entity (e.g. components, units and devices) disclosed herein,
e.g. transforming unit, are at least in part provided in the
form of respective computer programs which enable a processor
device to provide the functionality of the respective
entities as disclosed herein. According to other embodiments,

any suitable entity disclosed herein may be provided in
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hardware. According to other - hybrid - embodiments, some
entities may be provided in software while other entities are

provided in hardware.

It should be noted that any entity disclosed herein (e.g.
components, units and devices) are not limited to a dedicated
entity as described in some embodiments. Rather, the herein
disclosed subject matter may be implemented in various ways
and with various granularities on device level while still
providing the desired functionality. Further, it should be
noted that according to embodiments a separate entity (e.g. a
software module, a hardware module or a hybrid module) may be
provided for each of the functions disclosed herein.
According to other embodiments, an entity (e.g. a software
module, a hardware module or a hybrid module (combined
software/hardware module)) is configured for providing two or

more functions as disclosed herein.

It should be noted that the term “comprising” does not
exclude other elements or steps. It may also be possible in
further refinements of the invention to combine features from
different embodiments described herein above. It should also
be noted that reference signs in the claims should not be

construed as limiting the scope of the claims.
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List of reference signs:

100
110
111
120
121
130
131
140
141
150

200
201
210
211
250

300
330
331

400
430
431

500
540
541

Transmission system
Input terminal
Output terminal
Input terminal
Output terminal
Input terminal
Output terminal
Input terminal
Output terminal

Conductor

Transmission system
Distortions

Input transformer
Output transformer

Conductor

Transmission system
Input transformer

Output transformer

Transmission system
Additional signal
Additional signal

Transmission system
Input transformer

Output transformer

—22—
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CLAIMS:

1. A transmission system (100), in particular for a digital
subscriber line transmission, the transmission system
comprising

a first plurality of input terminals (110, 120),

a first plurality of output terminals (111, 121),

a plurality of conductor pairs (150), each conductor
pair being assigned to one of the first plurality of input
terminals (110, 120) and to one of the first plurality of
output terminals (111, 121), wherein each conductor pair is
formed by a first conductor and a corresponding second
conductor,

a second plurality of input terminals (130, 140), and

a second plurality of output terminals (131, 141),

wherein each of the first plurality of input terminals
(110, 120) is adapted to supply a first part of a primary-
type signal to a first conductor of one of the plurality of
conductor pairs (150) and a second part of the primary-type
signal to the corresponding second conductor, wherein the
first part and the second part of the primary-type signal are
indicative for one digital signal,

wherein each of the second plurality of input terminals
(130, 140) is adapted to supply a first part of a secondary-
type signal to at least one of the plurality of conductor
pairs (150) in addition to the first part and the second part
of the primary-type signal, and is adapted to supply a second
part of the secondary-type signal to at least a further one
of the plurality of conductor pairs (150) in addition to the
first part and the second part of the primary-type signal,
wherein the first part and the second part of the secondary-
type signal are indicative for one digital signal,

wherein each conductor pair (150) is adapted to transmit
signals to an assigned one of the first plurality of output
terminals (111, 121) and to at least two of the second
plurality of output terminals (131, 141), and
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wherein the number of input terminals of the first
plurality of input terminals (110, 120) corresponds to the
number of input terminals of the second plurality of input
terminals (130, 140), to the number of output terminals of
the first plurality of output terminals (111, 121) and to the
number of output terminals of the second plurality of output
terminals (131, 141).

2. The transmission system (100) as set forth in claim 1,
wherein the number of signals being transmitted corresponds
to the number of conductors being provided by the plurality

of conductor pairs (150).

3. The transmission system (100) as set forth in any one of
the preceding claims,

wherein each of the first plurality of output terminals
(111, 121)is adapted to retrieve a primary-type signal from
the assigned conductor pair (150), wherein the retrieved
primary-type signal is indicative for a respective digital
signal, and

wherein each of the second plurality of output terminals
(131, 141) is adapted to retrieve a secondary-type signal by
retrieving different signals from the plurality of conductor
pairs (150) and by determining the secondary-type signal from
the retrieved different signals based on a predefined
transmission scheme, wherein the secondary-type signal is

indicative for a respective digital signal.

4. The transmission system (100) as set forth in claim 3,
wherein the predefined transmission scheme is defined by a

predefined transmission matrix.

5. The transmission system (100) as set forth in claim 4,
wherein the predefined transmission matrix is defined

dynamically based on channel estimations.
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6. The transmission system (100) as set forth in any one of
the claims 4 or 5, wherein the predefined transmission matrix
is a NxN transmission matrix of rank N, wherein N corresponds
to the number of conductors of the plurality of conductor

pairs (150).

7. The transmission system (100) as set forth in any one of
the claims 4 to 6, wherein the transmission scheme is further
defined by a noise vector representing noise being added to

the signals during transmission of the signals.

8. The transmission system (100) as set forth in any one of
the preceding claims, the transmission system (100) further
comprising

a plurality of transforming units (210, 330, 420, 540),
wherein each of the first plurality of input terminals (110,
120) is coupled to a corresponding one of the plurality of
transforming units (210, 420) and wherein each of the second
plurality of input terminals (130, 140) is coupled to a
corresponding one of the plurality of transforming units
(330, 540).

9. The transmission system (100) as set forth in claim 8§,
wherein each transforming unit (210, 330, 420, 540) is
adapted to transform a digital signal in an electrical signal
and to split the electrical signal in a first part and a

second part.

10. The transmission system (100) as set forth in any one of
the preceding claims, the transmission system (100) further
comprising

a further plurality of transforming units (211, 331,
421, 541), wherein each of the first plurality of output
terminals (111, 121) is coupled to a corresponding one of the
further plurality of transforming units (211, 421) and

wherein each of the second plurality of output terminals
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(131, 141) is coupled to a corresponding one of the further

plurality of transforming units (331, 541).

11. The transmission system (100) as set forth in claim 10,
wherein each transforming unit (211, 331, 421, 541) is
adapted to transform a first part and a second part of an

electrical signal in a digital signal.

12. The transmission system (100) as set forth in any one of
the preceding claims, wherein the number of input terminals
of the first plurality of input terminals (110, 120), the
number of input terminals of the second plurality of input
terminals (130, 140), the number of output terminals of the
first plurality of output terminals (111, 121) and the number
of output terminals of the second plurality of output
terminals (131, 141) is two.

13. A transmitter, in particular for being connectable to a
digital subscriber line, the transmitter comprising

a first plurality of input terminals (110, 120) being
connectable to a plurality of conductor pairs (150), each
conductor pair being assigned to one of the first plurality
of input terminals (110, 120), wherein each conductor pair is
formed by a first conductor and a corresponding second
conductor, and

a second plurality of input terminals (130, 140),

wherein each of the first plurality of input terminals
(110, 120) is adapted to supply a first part of a primary-
type signal to a first conductor of one of the plurality of
conductor pairs (150) and a second part of the primary-type
signal to the corresponding second conductor, wherein the
first part and the second part of the primary-type signal are
indicative for one digital signal,

wherein each of the second plurality of input terminals
(130, 140) is adapted to supply a first part of a secondary-
type signal to at least one of the plurality of conductor
pairs (150) in addition to the first part and the second part
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of the primary-type signal, and is adapted to supply a second
part of the secondary-type signal to at least a further one
of the plurality of conductor pairs (150) in addition to the
first part and the second part of the primary-type signal,
wherein the first part and the second part of the secondary-
type signal are indicative for one digital signal,

wherein each conductor pair (150) is adapted to transmit
signals to an assigned one of a first plurality of output
terminals (111, 121) and to at least two of a second
plurality of output terminals (131, 141), and

wherein the number of input terminals of the first
plurality of input terminals (110, 120) corresponds to the
number of input terminals of the second plurality of input
terminals (130, 140), to the number of output terminals of
the first plurality of output terminals (111, 121) and to the
number of output terminals of the second plurality of output
terminals (131, 141).

14. A receiver, in particular for receiving signals from a
digital subscriber line, the receiver comprising
a first plurality of terminals (111, 121) being
connectable to a plurality of conductor pairs (150), each
conductor pair being assigned to one of the first plurality
of terminals, wherein each conductor pair is formed by a
first conductor and a corresponding second conductor, and
a second plurality of terminals (131, 141),
the receiver being adapted to receive, via the first
plurality of terminals and the second plurality of terminals,
signals from a transmitter via the plurality of conductor
pairs,
the transmitter comprising
a first plurality of input terminals (110, 120)
being connectable to the plurality of conductor pairs (150),
each conductor pair being assigned to one of the first
plurality of input terminals (110, 120), and
a second plurality of input terminals (130, 140),
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wherein each of the first plurality of input
terminals (110, 120) is adapted to supply a first part of a
primary-type signal to a first conductor of one of the
plurality of conductor pairs (150) and a second part of the
primary-type signal to the corresponding second conductor,
wherein the first part and the second part of the primary-
type signal are indicative for one digital signal,
wherein each of the second plurality of input

terminals (130, 140) is adapted to supply a first part of a
secondary-type signal to at least one of the plurality of
conductor pairs (150) in addition to the first part and the
second part of the primary-type signal, and is adapted to
supply a second part of the secondary-type signal to at least
a further one of the plurality of conductor pairs (150) in
addition to the first part and the second part of the
primary-type signal, wherein the first part and the second
part of the secondary-type signal are indicative for one
digital signal,

wherein each conductor pair (150) is adapted to transmit
signals to an assigned one of the first plurality of
terminals (111, 121) and to at least two of the second
plurality of terminals (131, 141), and

wherein the number of input terminals of the first
plurality of input terminals (110, 120) corresponds to the
number of input terminals of the second plurality of input
terminals (130, 140), to the number of terminals of the first
plurality of terminals (111, 121) and to the number of
terminals of the second plurality of terminals (131, 141).

15. A method for transmitting signals in a transmission
system (100), in particular for a digital subscriber line
transmission, the transmission system (100) comprising a
first plurality of input terminals (110, 120), a first
plurality of output terminals (111, 121), a plurality of
conductor pairs (150), each conductor pair being assigned to
one of the first plurality of input terminals (110, 120) and
to one of the first plurality of output terminals (111, 121),
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wherein each conductor pair (150) is formed by a first
conductor and a corresponding second conductor, a second
plurality of input terminals (130, 140), and a second
plurality of output terminals (131, 141), the method
comprising

supplying, by each of the first plurality of input
terminals (110, 120), a first part of a primary-type signal
to a first conductor of one of the plurality of conductor
pairs (150) and a second part of the primary-type signal to
the corresponding second conductor, wherein the first part
and the second part of the primary-type signal are indicative
for one digital signal,

supplying, by each of the second plurality of input
terminals (130, 140), a first part of a secondary-type signal
to at least one of the plurality of conductor pairs (150) in
addition to the first part and the second part of the
primary-type signal,

supplying, by each of the second plurality of input
terminals (130, 140), a second part of the secondary-type
signal to at least a further one of the plurality of
conductor pairs (150) in addition to the first part and the
second part of the primary-type signal, wherein the first
part and the second part of the secondary-type signal are
indicative for one digital signal, and

transmitting, by each conductor pair (150), signals to
an assigned one of the first plurality of output terminals
(111, 121) and to at least two of the second plurality of
output terminals (131, 141),

wherein the number of input terminals of the first
plurality of input terminals (110, 120) corresponds to the
number of input terminals of the second plurality of input
terminals (130, 140), to the number of output terminals of
the first plurality of output terminals (111, 121) and to the
number of output terminals of the second plurality of output
terminals (131, 141).
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