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(57) Abstract: The invention provides a
method and system, preferably an access
node, for cancelling crosstalk among one
or more plurality of network links.
Crosstalk from a second network link, a
disturber line, is according to the method
(substantially) cancelled in a first network
link, the victim line. Thereto a suitable
signal component is provided to a third
network link, the cancellation line. The
signal component generally cancels the
crosstalk signal from the second network
link by providing a signal substantially in
anti-phase. The third network link could
be a spare line.
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Method and system for crosstalk cancellation in a multi-user

access network

Field of Invention

The present invention pertains to the field of crosstalk
cancellation for multi-user access networks, and more
particularly to efficiently allocating crosstalk
cancellation resources to different digital subscriber

lines.

Background

The concept of crosstalk cancellation, also known as
vectoring, 1is known in the art and has been applied with
success to digital subscriber line systems. The standard
G.993.5 of the International Telecommunication Union,
hereafter called “G.vector” specifies the necessary details
to obtain interoperability between different network
elements that apply crosstalk cancellation. According to the
G.vector standard the crosstalk on a victim line is
cancelled by adding perturbations on the victim line. The
perturbation signal is added at the transmitter (pre-coding)
or at the receiver (post-coding), depending on the

transmission direction.

The problem of heavily impacting the algorithm of the victim

line has not been adequately addressed.

Summary

According to an aspect of the invention, there is provided a
method for crosstalk cancellation in among one or more
network links, or among a plurality of network links, said

method comprising cancelling in a first network link
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crosstalk from a second network link by providing a signal

component to a third network link.

Such a solution would be interesting in a number of
scenarios, such as local loop unbundling or achieving

backwards compatibility with legacy systems.

It should be noted that embodiments of the invention
comprise systems in which crosstalk is substantially
cancelled in one or more victim lines, as well as systems in
which crosstalk remains generally uncancelled in one or more
other victim lines. In some embodiment the method and
apparatus according to invention provide only a limited

cancellation of crosstalk in one or more victim lines.

According to the method a complete cancelling or at least a
substantial cancelling of crosstalk in the first network
link or victim line due to crosstalk from a second link or
disturber line is obtained by precoding a signal in a third,
other link, hereinafter also referred to as cancellation
line. The method of crosstalk cancellation among a plurality
of network links according to this application allows
achieving cancellation in a single link only or in multiple

links of the plurality of network links.

Embodiments of the invention can comprise one or more victim
lines, one or more disturber lines and one or more

cancellation lines.

In an embodiment the signal component provided to the third
network link results in crosstalk on the first network link
that is in anti-phase with the crosstalk from the second

network link on the first network link. The signal component
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is a scaled and rotated version of the signal on the second

network link causing the crosstalk to be cancelled.

In an embodiment of the method, the third link or
cancellation line is a spare line. The spare line can be a
network link temporarily not used for actual data
communication or a network link permanently not used for
actual data communication. In an embodiment, in absence of
the method, the spare line would not be used at all for
sending a signal or the line can be used to deliver POTS
outside the spectrum of DSL. The spare line could be used in
a spectrum range outside the spectrum in which the method

would operate.

In an embodiment the spare line can be used in a spectrum
range within an operating spectrum of the method. A possible
condition for this embodiment is that a power spectral
density is used lower than the power spectral density

limitation on the spare line.

In an embodiment the method comprises determining channel
coupling of the first and second network links and providing
the crosstalk cancellation signal in the third network link
dependent on the determined channel coupling. In order to be
able to cancel the crosstalk in the victim line, the
influence caused by a signal from the disturbing line is to

be estimated.

In an embodiment the method comprises determining channel

coupling of the first and third network links and providing
the crosstalk cancellation signal in the third network link
dependent on the determined channel coupling. In order to be

able to cancel the crosstalk in the victim line, the
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influence of the signal in the third link upon the victim

line is to be estimated.

In a further embodiment the crosstalk cancellation signal is
controlled dependent on a ratio of the channel coupling of
the first and second network links and the channel coupling

of the first and third network links, respectively.

By determining (part of) the transfer function of the
network links, cancellation of crosstalk from line B into
line A can be achieved. If the received signal ya on line A

is expressed as:

Ya = HAAXA + HABXB + HACXC +n

where x; 1s the signal transmitted on line i1 and Hjy is the
channel from the transmitter of line j to the receiver of
line 1. n is the additive noise. The person skilled in the
art will understand that the cited coefficients are
generally complex numbers, i.e. introducing an attenuation
and a phase difference. The person skilled in the art will
further understand that the cited coefficients are generally
frequency-dependent; the frequency argument has not been
explicitly mentioned in the above equations to avoid

unnecessarily obscuring the notation.

Theoretically, cancellation of all crosstalk from line B

into line A is achieved by precoding C with

Xe = = (Hap/Hac) Xg,
wherein the ratio of the channel coupling of the first and
second network links and the channel coupling of the first

and third network links, respectively. The ratio of the
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crosstalk couplings (Har/Hac) has to be estimated at startup
of line B, and tracked during regular operation (i.e., the

“SHOWTIME"” state) of line B

In an embodiment the method comprises determining a set of
channel coupling coefficients (transfer function) between

two network links in said plurality of network links.

In an embodiment the method comprises determining channel
coupling by using a signal/noise ratio (SNR) method in the
plurality of network links. Channel coupling coefficients
can be estimated using a variant on the SNR method. As many
legacy methods already provide SNR measurements, it is
possible to use the acquired feedback from such measurements

in an embodiment of this method.

In an embodiment the method further comprises controlling at
least the second and third network links. The second and
third 1link can be controlled by a single entity (access
node, AN ), while the first link is out of control of this
entity (on a different access node AN ). In an embodiment,
known as “local loop unbundling”, different lines in a
physical bundle may not only be served by different access
nodes, but these different access nodes may even be under
the administrative and operational control of different
operators. Local loop unbundling has been introduced as a
legal requirement in many jurisdictions to avoid maintaining
a monopoly for services offered over the local loop plant,

which was originally built by the incumbent operator.

In an embodiment communication between different access
nodes, such as AN and AN , is mediated by a (set of) control

entity(entities), such as a Network Analyzer(-). This may be
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of particular interest in case of local loop unbundling,

where AN and AN are operated by different companies.

In an embodiment of the method of the present invention,
said plurality of network links operate according to
discrete multi-tone modulation, and said determining is
performed on a per-tone basis. Under discrete multi-tone
modulation, all types of multi-carrier modulation are
understood, including in particular DMT as used in ADSIL,
VDSL, and VDSLZ, OFDM as used in wireless LAN, and wavelet

modulation as used in IEEE 1901 power line communication.

In an embodiment of the method of the present invention, the

network links are digital subscriber lines.

In an embodiment one, two or more victim lines (Ai) are
disturbed by one, two or more disturber lines (Bi). In
general, the use of multiple cancellation lines (Ci) 1is

beneficial.

In an embodiment the number of cancellation lines (Ci) 1is
larger than or equal to the number of victim lines (Ai). In
such an embodiment a set of linear equations can be
composed, using channel couplings, that generally can be
solved in order to obtain a signal component for the
cancellation lines that generally cancels the crosstalk in
the victim lines (Ai). A suitable processor can be arranged

to compose and solve the set of linear equations.

In an embodiment, specifically an embodiment having more
victim lines than cancellation lines, the method provides a
minimization method for calculating or approximating a

signal component for one or more cancellation lines to
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minimize crosstalk in the victim lines. The minimization
method, available from a memory, can be calculated using a

suitable processor.

Also, transmit mask constraints on the third network link
may cause a need for distributing the cancellation function
over multiple cancellation lines. A person skilled in the
art will be able, to calculate or estimate how the desired
cancellation effect is achieved by a linear combination of
two or more cancellation lines using the transfer function

(or matrix).

According to another aspect of the invention, a system for
cancelling crosstalk in a plurality of network links
comprises a second transceiver unit operating a second link
and a third transceiver unit operating a third link. The
system further comprises a crosstalk canceller arranged to
calculate a signal component to substantially cancel in a
first network link crosstalk from at least a second network
link, said signal component provided to a third network
link. This system allows (partial) crosstalk cancellation
without adding perturbations to the victim line (first

network link).

In an embodiment the transceiver units and the crosstalk
canceller form part of an access node . Accordingly at the
access node the signal causing the crosstalk is available
and can be used to calculate the signal component in the
third network 1link to substantially cancel the crosstalk

thereof in the victim line.

In an embodiment the system, and in particular the access

node, comprises a channel coupling determination unit
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adapted to determine channel coupling of at least two
network links, said channel coupling determination unit
operatively coupled to the crosstalk canceller. The channel
coupling determination unit allows determining channel

couplings between pairs of network links.

In an embodiment the system comprises customer premise
equipment (CPE) arranged to perform a signal noise ratio
(SNR) measurement in at least one of the network links, the
CPE being operatively coupled with the channel coupling
determination unit. Legacy systems can comprise such CPE and
can be used in a system and method according to the
invention. The SNR measurement can be performed on request
on a line. The SNR measurement comprises feedback that
allows determining the channel coupling and channel coupling

coefficients of a plurality of network links.

In an embodiment the crosstalk canceller is arranged to

calculate the signal component dependent on a ratio of the
channel coupling of the first and second network links and
the channel coupling of the first and third network links,

respectively.

In an embodiment of the system of the present invention, the
network links are digital subscriber lines (DSL) and the

access node is a DSLAM.

In an embodiment the third network link is a spare line. A
spare line i1is a link (temporarily) not used for data

communication.

In an embodiment the system comprises at least one network

analyzer for moderating communication between access nodes



10

15

20

25

30

WO 2012/113743 PCT/EP2012/052840

at both ends of the network links. The network analyzer can
moderate communication between AN and AN . In an embodiment
a set of control entity, such as a set of network analyzers,
can be used. In an embodiment different network analyzers
from e.g. different companies operate AN and AN . This may

be of particular interest in case of local loop unbundling.

In an embodiment of the system of the present invention,
said plurality of network links operate according to
discrete multi-tone modulation, and said optimizing is

performed on a per-tone basis.

Brief Description of the Figures

Some embodiments of apparatus and/or methods in accordance

with embodiments of the present invention are now described,

by way of example only, and with reference to the
accompanying drawings, in which:

Figure 1 shows a system of links of a network;

Figure 2 shows an embodiment of an arrangement according to
the invention;

Figure 3 shows a further embodiment of a system according to
the invention;

Figure 4 is a schematic diagram of an embodiment of a system
according to the present invention, operating on
the downstream transmission.

Figure 5 shows a further schematic embodiment of a sytem
according to the invention;

Figure 6 shows a further schematic embodiment of a sytem
according to the invention; and

Figure 7 shows a further schematic embodiment of a sytem

according to the invention
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Description of Embodiments
Now the invention will be illustrated referring to the

drawings.

Figure 1 schematically shows a situation causing problems in
current systems. Of a system of a plurality of network
links, three links, line A, line B and a line C are shown.
In this embodiment line A, the victim line, will show a
deteriorated signal as a result of the crosstalk 10 from

line B, the disturber line.

In said system a crosstalk canceller, part of system 11,
could be connected to line A to provide for an additional
signal component to be added to signal A to compensate for

the crosstalk from B.

The system of Figure 1 will most likely have a further line
C that is temporarily not being used, here shown as C=0. Not
all twisted pairs of links are used, for example because a
link is not coupled to a customer, or because the customer,

using line C, 1s temporarily not active.

In an embodiment line C can be under-used in a spectrum
range within the spectrum in which the method would operate.
A possible condition for such an embodiment is that a signal
component is used havinga power spectral density lower than
the power spectral density limitation on the spare line.
Such under-use can be static or temporal, for example due to

operation of the line in a power saving mode.

As shown schematically in Figure 2, and in accordance with
an embodiment of the invention, a signal is sent over line C

which will allow cancelling most of the crosstalk received
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at A from line B. A crosstalk canceller is connected to line
C. The crosstalk canceller will send a signal component of
line C. According to an embodiment a scaled and rotated
version of the B data is sent over line C, which will result
in the crosstalk at A to be removed. The signal component
delivered to line C will result in further crosstalk of this
third network link C onto victim line A, said further
crosstalk being in anti-phase with the crosstalk from line B
onto A. The result of the combined crosstalk is

substantially =zero.

In this embodiment line C is used as a cancellation line to
cancel crosstalk to line A. In this embodiment line C is

under control of the crosstalk canceller.

In the embodiment according to Figure 2, both lines B and C
are controlled by a single entity (access node, ANg), while
line A is out of control of this entity (on a different

access node ANg).

In an embodiment line C is the common mode of line B, or
line C is the second differential pair within the same quad
as line B, or line C is the phantom mode of line B and

another pair.

Lines B and C can operate on a different technology than
line A. For instance, line B can operate on a 30a VDSL2
profile, while line A operates on a lower bandwidth VDSLZ2

profile.

Alternatively, lines B and C operate in synchronous mode in
G.vector, while line A operates on legacy VDSLZ,

unsynchronized with lines B and C. In an embodiment line A
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operates at different symbol rate. Alternatively, lines B
and C operate on a next generation DSL while line A is VDSLZ2

(vectored or non-vectored).

Synchronization of lines B and C with line A is not
required. It is sufficient that synchronization is present

between lines B and C that are on the same access node AN .

If C and B are terminated at the same customer premises, for
example if C is the common mode of line B or the phantom
mode of line B with another pair, the technique is

applicable in upstream as well as downstream.

If the received signal ya on line A is expressed as:

yA = HAAXA + HABXB + HACXC +n
then cancellation of crosstalk from line B into line A is

achieved by precoding C with

Xe = - (Has/Hac) xg.

Precoding is obtained using a crosstalk canceller arranged
to provide a signal component x.. Hap/Hac is the ratio of
channel coupling coefficient between the first and second
network 1link, and the channel coupling coefficient between
the first and third network link. In an embodiment an
estimation or approximation of the ratio is obtained and
used for calculation of the signal component in the

crosstalk canceller.

In an embodiment power spectral density limitations apply to
the cancellation line C. If in accordance with an embodiment
of the method, a signal component on the cancellation line

would exceed the power spectral density limit, then the
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signal can be multiplied by a scalar scaling factor s. In
the embodiment wherein a signal component is calculated

using the channel couplings, x. can be expressed as:

Xe = - s (Hap/Hac) Xp.

s can be calculated such that the power of the signal, |Xc|%
is equal to or lower than the power spectral density limit.
In this case, the crosstalk from line B into line A is only
partly removed. If multiple spare or cancellation lines Ci
are available, the power can be distributed over the
multiple cancellation lines Ci to obtain further crosstalk

cancellation.

The power of the signal x. may also be limited due to other
signals transceived over cancellation line C. For example,
if x.’ is the signal transmitted on line C for data
communication over line C, then the power of the total
signal transmitted on line C, |xc + xc’ﬁ must be equal to or
lower than the transmit spectral density. In one assumption
that the signals xc¢ and xc’ are uncorrelated, the power sent
on line C equals Ixcﬁ + Ixc’|2. In this case, the signal
power IXCV must be equal to or smaller than the power
spectral density limit decreased with the signal power
IXC’V. If a second cancellation line C2 is available, the
crosstalk from the signal x.’ into line A can in its turn be
cancelled using cancellation line C2. Disturber line B can
be such cancellation line C2, provided that disturber line B

is under-used.

While xp is readily available at AN , the ratio of the

crosstalk couplings (Har/Hac) needs to be estimated at startup
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of line B, and tracked during SHOWTIME of line B. For this,

feedback from line A is required.

For example, the ratio can be estimated using a variant on
the SNR method. In this case the feedback consists of SNR
measurements. Today'’s DSLAMs are equipped to launch and
report an SNR measurement on a line on request. The
communication between AN and AN may be moderated by a (set
of) control entity, such as a network analyzer. This may be
of particular interest in case of local loop unbundling,

where AN and AN are operated by different companies.

Although Figure 2 shows three network links of a plurality
of network links, the method and system can be expanded to
cope with a higher number of uncontrolled (victim) lines A;,
and a higher number of disturber lines B;. In general, this

will require the use of multiple cancellation lines C;.

Figure 3 shows a further schematic embodiment of a system
according to the invention. The network 19 comprises several
network links connected to customers 20 having customer
premises equipment (not shown). Line A receives crosstalk 21
from line B and crosstalk 22 from line C. Node AN 23 and AN
24 can be different control entities connected via a “cloud”
26. A network analyzer 27 is connected to the cloud 26. An
SNR method can be used to estimate the ratio of the
crosstalk between channels Hag / Hac. By altering xp and xc
and looking at the resulting SNR difference at line A, a set
of equations can be calculated from which Has and Hac can be
derived as will be clear for the skilled person. Reference
is made to prior art SNR methods. These calculations can be
performed in the crosstalk canceller or in a further

processor part of the system.
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Figure 4 depicts an exemplary system that can incorporate
the method and system according to the present invention.
Without loss of generality, the example is directed to

network access links of the digital subscriber line (DSL)

type.

The depicted system comprises a plurality of DSL modems 220-
223. For reasons of clarity, only four DSL modems are shown
in the Figure; however, the invention is not limited to any
particular number of DSL modems. The same remark is valid
for the other elements, associated with the DSL modems 220-
223, for which the same particular number of instances is

illustrated.

In Figure 4, the system is illustrated as it would operate
to perform crosstalk cancellation in the downstream
direction, i.e. from the access node to the customer

premises equipment 260-263.

The DSL modems 220-223 may operate according to any of the
known xDSL flavors. It is particularly advantageous to use
DSL modems that operate according to the Discrete-Multitone
modulation scheme, such as for instance ADSL, VDSL, VDSL2,

or 10PASS-TS modems.

Each of the DSL modems 220-223 is arranged to transmit a
signal onto a transmission line such as a “twisted-pair”
telephone line, which is typically provided as a pair of
insulated copper wires. To this end, the signal generated by
the DSL modems 220-223 is duly amplified and filtered by
their respective front-ends 230-233, the details of which

are not material to this invention.
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Without loss of generality, the DSL modems 220-221 receive
data for transmission from a data demultiplexer 201, for
which a common input buffer 202 is also illustrated. Without
loss of generality, a buffer may be considered to receive
data at the granularity of data link layer datagrams or
frames, network layer datagrams or packets, or higher-layer

segments.

The crosstalk canceller 240 can operate on the basis of
knowledge of the characteristics of the transmission lines,
including their crosstalk transfer functions, and, in this
embodiment, of the signals transmitted by the DSL modems
220-221; the latter information is schematically represented
by arrows leading from the DSL modems 220-221 to the
crosstalk canceller 240. In an embodiment the crosstalk
canceller 240 is unaware of the signal as sent by DSL modem

223, 1f this is the victim line.

From this information, the crosstalk canceller 240
calculates for each of the used DSL modems a signal
component that can be sent over line 262 in order to
substantially cancel out the effect of the targeted
disturbers, here signals sent to CPE 260 and 261, on the

victim receiver, here CPE 263.

Figure 5 schematically shows a further embodiment comprising
a network having one victim line A, two disturber lines
B1,B2, and one spare line or cancellation line C. Disturber
lines B1, B2 cause crosstalk 51,52 respectively.
Cancellation line C will cause crosstalk 53 cancelling at

least partially some of the crosstalk 51,52.
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In this embodiment a crosstalk cancellation method according
to the invention is obtained by providing a signal component

in line C generally expressed by:

Xe = = (Hap1/Hac) Xp1 - (Hapz/Hac) Xpo

Signals x., Xp1 and xXp; are controlled from a single access
node 55. The expression can be generalized to any number of

disturber lines (Bi) for a single victim line A.

As the crosstalk, already from a single disturber line Bx,
could potentially result in a signal component x. exceeding
power spectral density limits, it is possible to scale the
resulting signal component. If multiple spare or
cancellation lines Ci are available, the power can be

distributed over the multiple cancellation lines Ci.

Figure 6 schematically illustrates an embodiment of a
network comprising multiple network links of which two
victim lines Al and A2, two disturber lines Bl and B2, and
two cancellation lines, Cl and C2 are shown. The received

signal ya; on line Al can be expressed as:

va1 = Haia1Xa1 + Haia2Xaz + HaipiXe1 + HaieeXp2 + HaiciXe1 + HaicoXcez +
Nal
, wherein na 1s a noise term representing other noises

received on line Al.

The expression for the signal on line AZ is obtained by

interchanging Al and A2 in the above expression.
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In an embodiment the signals on the lines Al and A2 is not
controlled directly. In this embodiment HaiazxXarz is part of the

noise term: n’ = HaarXaz + n.

In an embodiment the method according to any embodiment of
the invention is combined with prior art method such a
G.vector. In such an embodiment access node AN ,61 can be
equipped with a vectoring module 62. The vectoring module 62
will reduce the resulting crosstalk between Al and A2. In an
approximation of this embodiment n’ is the sum of n and the

residual crosstalk. The expression can then be simplified:

Va1 = Haia1Xa1 + Hae1Xe1r + HaieeXer + HaiciXer + HatcoXez + Nar’

In this embodiment a cancellation of a substantial amount of
cross talk from lines Bl and B2 into victim lines Al and AZ2
is achieved by precoding Cl and C2 with signal components x¢q
and Xcz that solve the following set of equations with two

unknowns:

Haip1Xp1 + HaipeXez + HatcixXcr + HatcoXez = O

Hasp1Xp1 + HaopoXpz + Haze1xXc1r + HaseoXez = O

resulting in:

Xc1 = [HaicoHaze1 — HazeoHatr1] / [HascoHaict — HazeiHaico] X1 o+
[Haic2Haorz = HazeoHaipz] / [Haze2Haicr — HazciHarez] X1

and

Xc2 = [-HaiciHase1 + HasciHaie1] / [HascoHaici — HasciHaico] X1 + [—
Haic1Hazez + Haser Haieol / [HaocoHatcr — HaserHaiez] Xeo

which can, notationally, be simplified by introducing g =

1/ [HascoHaicr — HasciHaiceo]
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Xc1 = g [ (Hatc2Haoe1r — HazeoHate1) Xe1 + (Hate2Haosz — HaoeoHatez) Xe2)
Xcz = g [ (-Haic1Haze1r + Hase1Hate1) Xe1 + (—Haic1Hazez + Haze1Haiez) Xa2]

It should be noted that, in this embodiment, the set of
equations can also be written as a function of relative
crosstalk functions: Haipi/Haick and Haici/Haick with i, j and k
elements of {1,2}. It is therefore sufficient to know for
each victim line the crosstalk functions with crosstalk line
Bj and spare line Cj relative to each of the cancellation

lines Ck.

The above equations can be applied to a scenario with two
victim lines, two cancellation lines and one disturber line

by stating that in that case xp; = 0.

The above equations and approach can be generalized to any
scenario in which the number of cancellation lines is larger

than or equal to the number of victim lines.

Figure 7 schematically shows an embodiment of a network
having multiple network links, of which two victim lines, Al
and A2, two disturber lines, Bl and B2, and one spare or
cancellation line C is shown. In this embodiment, neglecting
crosstalk from and between other available network links,

the received signal yar on line Al is expressed as:

Va1 = Haia1xXa1 + HaipixXer + HateoXez + HateXe + nar’

And the expression for A2 is obtained by interchanging Al

and A2 in the expression.
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Generally any of the embodiments of the invention can
comprise a processor for solving or minimizing linear

equations.

In the embodiment according to Figure 7, due to an external
reason, e.qg. lack of further spare lines, a number of spare
lines less than the number of victim lines is available. In
this embodiment it is generally not feasible to remove all
crosstalk in the victim lines Ai. Nevertheless, signal
component xX¢ can be chosen as to minimize the crosstalk into

Al and AZ2:

min (HaipiXe1 + HaipoXer + HaieXc)

min (HaspiXe1 + HaspoxXer + HaseXc)

Generally, there is not a single x. that minimized both

functions. Therefore, x. must be optimized.

Different optimization techniques are available. In an
embodiment the optimization technique in the processor for
linear equations 71, 1is available from a suitable memory
72. The memory can comprise linear term minimization,
quadratic term minimization such as least mean sguare

minimization or minimization in logarithmic scale.

In an embodiment of linear term minimization weighted sum
optimization is applied. Weights w; are assigned to each
victim line (with the sum over i1 of w; equal to 1) and then

X. 1s found by solving the following linear equation:

Min([wy|HaipiXp1 + HaipexXpz + HaiexXcl + wolHaopiXpr + HazpoxXsz + Hasexcl ]
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The choice of weights can be based on several principles. In
an embodiment, each victim line is treated similarly: w; =1/N

for all i, with N the number of victim lines.

In another embodiment the weights can be based on how well
victim line Ai achieves its target data rate R';. One way to
achieve this is by selecting w; proportional to R;/R'; where

R; is the data rate of line Ai.

In yet a further embodiment the weights are based on the
service level agreement between the customer and the service
provider. Equal weights are assigned to lines within the
same service level, while different (resp. higher) weights
can be assigned to lines from different (resp. higher)

service levels.

The above equation and approach can be generalized to any
scenario in which the number of cancellation lines is

smaller than the number of victim lines.

In the embodiment of Figure 7 node 70 can be coupled to a
processor 71 for solving linear equations, provided with a
suitable method for solving linear equations from memory 72.

Memory 72 can provide the minimizing method.

Without loss of generality, the crosstalk cancelling signal
can be represented in a simplified manner and it will be
appreciated by those skilled in the art that the crosstalk
cancellation may be obtained in different ways, including by
the application of a precoding matrix, for instance after
the mapping and scaling steps, and before the inverse fast-
fourier-transform. The crosstalk canceller 240 may be

implemented in any of the known components used for
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intensive numerical calculations, including adequately
programmed general-purpose processors or DSPs, FPGAs, or
dedicated hardware. The skilled person will understand that
the foregoing general scheme may be used with any type of

linear precoder.

The functions of the various elements shown in the Figures,
including any functional blocks labeled as “processors”, may
be provided through the use of dedicated hardware as well as
hardware capable of executing software in association with
appropriate software. When provided by a processor, the
functions may be provided by a single dedicated processor,
by a single shared processor, or by a plurality of
individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or
“controller” should not be construed to refer exclusively to
hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (DSP)
hardware, network processor, application specific integrated
circuit (ASIC), field programmable gate array (FPGA), read
only memory (ROM) for storing software, random access memory
(RAM), and non volatile storage. Other hardware,
conventional and/or custom, may also be included. Similarly,
any switches shown in the figures are conceptual only. Their
function may be carried out through the operation of program
logic, through dedicated logic, through the interaction of
program control and dedicated logic, or even manually, the
particular technique being selectable by the implementer as

more specifically understood from the context.

It should be appreciated by those skilled in the art that
any block diagrams herein represent conceptual views of

illustrative circuitry embodying the principles of the
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invention. Similarly, it will be appreciated that any flow
charts, flow diagrams, state transition diagrams, pseudo
code, and the like represent various processes which may be
substantially represented in computer readable medium and so
executed by a computer or processor, whether or not such

computer or processor is explicitly shown.
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Claims

1. A method for crosstalk cancellation among a
plurality of network links, said method comprising
cancelling in a first network link crosstalk from a second
network link by providing a signal component to a third

network link.

2. The method of claim 1, wherein in the method
the third network link is a spare line at least temporarily

not used for actual data transmission.

3. The method of claim 1 or 2, wherein the method
comprises determining channel coupling of the first and
second network links and providing the crosstalk
cancellation signal in the third network link dependent on

the determined channel coupling.

4. The method of claim 3, wherein the method
comprises determining channel coupling of the first and
third network links and providing the crosstalk cancellation
signal in the third network link dependent on the determined

channel coupling.

5. The method of claim 4, wherein the crosstalk
cancellation signal is controlled dependent on a ratio of
the channel coupling of the first and second network links
and the channel coupling of the first and third network

links, respectively.
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6. The method of any of the claims 3-5, wherein
determining channel coupling comprises using a signal/noise

ratio method in the plurality of network links.

7. The method of any of the preceding claims, wherein
the method further comprises controlling at least the second

and third network links.

8. The method according to any of the preceding
claims, wherein said network links are digital subscriber

lines.

9. A system for cancelling crosstalk in a
plurality of network links, said system comprising a second
transceiver unit and a third transceiver unit operating a
second link and a third link respectively, the system
further comprising a crosstalk canceller arranged to
calculate a signal component to substantially cancel in a
first network link crosstalk from at least a second network
link, said signal component provided to the third network

link.

10. The system of claim 9, wherein the transceiver
units and the crosstalk canceller form part of an access

node.

11. The system of claim 10, wherein the system
comprises a channel coupling determination unit adapted to
determine channel coupling of at least two network links,
said channel coupling determination unit operatively coupled

to the crosstalk canceller.
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12. The system of claim 11, wherein the system
comprises customer premise equipment (CPE) arranged to
perform a signal noise ratio measurement in at least one of
the network links, the CPE being operatively coupled with

the channel coupling determination unit.

13. The system according to claim 11 or 12,
wherein the crosstalk canceller arranged to calculate the
signal component dependent on a ratio of the channel
coupling of the first and second network links and the
channel coupling of the first and third network links,

respectively.

14. The system according to any of the claims 9 -
13, wherein said network links are digital subscriber lines
(DSL) and wherein the access node is a digital subscriber

line access multiplexer (DSLAM).

15. The system according to any of the claims 9-

14, wherein the third network link is a spare line.
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