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Method and device for determining a length value of a section

of a telecommunication line

Description

Field of the invention

The present invention refers to a method for determining a length value characterizing a
length of a first section of a first telecommunication line, a second section of the first
telecommunication line being arranged along at least one second telecommunication
line so that the first telecommunication line causes crosstalk to the second
telecommunication line. The invention further refers to a corresponding device and

computer program product.

Background

In today’s digital subscriber line (DSL) deployments, different variants of DSL
techniques are used. For example, DSL techniques providing a rather low bit rate such
as ADSLx; e. g. ADSL, ADSL2, ADSL2+ or READSL; and other DSL techniques that
provide a comparatively high bit rate such as Very High Speed Digital Subscriber Line
(VDSL); e.g. VDSL1 or VDSL2; are often used on different telecommunication lines
that are grouped into a single binder arranged between a building and a cabinet of the
network operator. Telecommunication lines configured for rather low bit rate
communication typically end at DSL modem circuitry installed at a central office or a
local exchange of the network operator. For these low bit rate telecommunication lines,
the cabinet mainly serves as a cross-connect for electrically connecting the wires
between the central office or local exchange and the cabinet to wires between the

cabinet and the individual buildings.

Because high bit rate DSL techniques require the telecommunication line between the
network operator’s modem circuitry and a modem circuitry of the customer’s premises
equipment (CPE) not to exceed a maximum length of typically about a few hundred
meters, the operator’s modem circuitry of these high bit rate telecommunication lines is
often installed in the cabinet. In other words, the cabinet may include an access node for
the high bit rate communication lines. The access node may be connected via a high bit

rate backhaul link, such as an optical link, to a communication network of the operator
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(fiber to the cabinet, FTTC). A cabinet having such an access node is also referred to as

remote unit, remote terminal or flexibility point.

In order to avoid excessive crosstalk from the high bit rate lines to the low bit rate lines
in a section of the low bit rate line in which the low bit-rate and the high bit rate line run
in parallel (e. g. in the binder between the cabinet and the building), a Downstream
Power Back-Off (DPBO) mechanism is applied on the high bit-rate telecommunication
lines. DPBO allows shaping the Power Spectral Density (PSD) of a downstream signal
from the modem circuitry in the cabinet to the modem circuitry of the CPE. In order to
protect the low bit rate lines coming from the central office or local exchange and
coexisting in the same binder, DPBO basically adjusts the downstream transmit PSD for
VDSL2 lines, such that the far-end crosstalk (FEXT) generated by these lines is equal to
the FEXT generated by the rather low bit rate lines. Therefore, the impact from VDSL2
on ADSLx becomes equal to the impact from ADSLx itself.

In order to protect the low bit rate lines from the crosstalk caused by the high bit rate
lines effectively, configuration parameters for DPBO must be set correctly. In case of
incorrectly set configuration parameters, the crosstalk coming from the high bit rate
lines will be abnormally high and seriously impact the performance of the low bit rate

lines.

Summary

At least one correct DPBO parameter depends on a length of an exchange side section
of a telecommunication line, i.e. the length of said first section of the
telecommunication line between the central office and a remote site where the cabinet is
located. The object of the invention is to provide a method and device that can

determine a value that describes the length of the exchange side section automatically.

According to an embodiment, a method for determining a length value characterizing a
length of a first section of a first telecommunication line, a second section of the first
telecommunication line being arranged along at least one second telecommunication
line so that the first telecommunication line causes crosstalk to the second
telecommunication line is provided, wherein the method comprises acquiring line noise
measurement data characterizing quiet line noise of the second telecommunication line;

and determining the length value depending on the line noise measurement data. Since
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the line noise measurement data can rather easily be acquired automatically without the
need of manual intervention e.g. at an access node, the method may be executed in an
automated system. For example the method may be executed on a monitoring station as

part of a network analyzer or a Dynamic Line Management (DLM) tool.

In an embodiment, the method comprises determining, preferably depending on the
length value, a value of a configuration parameter for downstream power back-off
(DPBO) to be applied on a signal transmitted over the second telecommunication line.
As a consequence, the method allows determining automatically the length dependent
DPBO configuration parameters without relying on manual measurements or network
topology databases. Thus, DPBO of a network comprising many access nodes and a
large number of telecommunication lines can be configured efficiently. By avoiding the
use of topology databases miss configuration due to bad data quality of topology data

stored in the topology database can be avoided.

In an embodiment, the method comprises determining the length value depending on a
common sub-band of the line noise, at least a part of the common sub-band residing
within a first frequency range of a first data signal transmitted over the first
telecommunication line and a second frequency range of a second data signal
transmitted over the second telecommunication line or over at least one third
telecommunication line. The third telecommunication line may be arranged along the
second telecommunication line so that the third telecommunication line causes crosstalk

to the second telecommunication line.

In an embodiment, the method comprises estimating parameters related to crosstalk to
the second line, preferably a coupling length and/or a number of disturbers, said
estimating depending on a further sub-band of the line noise, the further sub-band

residing outside of the first frequency range and within the second frequency range.

Preferably, the method may further comprise determining the length value depending on
the estimated parameters related to the crosstalk. By using the estimated parameters

related to the crosstalk, the accuracy of the method can be improved.

In an embodiment, determining the length value and/or estimating the parameters

related to the crosstalk comprises fitting a model, preferably a mathematical model, of
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the crosstalk to the line noise measurement data. Basically, this embodiment is based on
a comparison of the measured line noise data with the model. The length value and/or
the parameters related to the crosstalk are parameters of the respective model. In this
embodiment, the length value and/or the parameters related to the crosstalk may be
determined by selecting the model parameters such that the model reflects the measured

line noise data. To this end, any suitable curve fitting approach may be applied.

In an embodiment, the second telecommunication line is subject to crosstalk caused by
at least one third telecommunication line arranged along the second telecommunication
line, wherein the method comprises selecting a transmit power signal density of at least
one third data signal transmitted over the third telecommunication line such that the
crosstalk caused by the first telecommunication line dominates the crosstalk caused by
the third telecommunication line. The third telecommunication line may e.g. run in
parallel to the second telecommunication line. For example, the second
telecommunication line and the third telecommunication line may be arranged in the

same binder.

In an embodiment, the power spectral density of the signal in the third line is selected
by applying conservative DPBO settings for the third line that cause little crosstalk. For
example, selecting the transmit power signal density of the third signal may comprise
selecting a downstream power back-off parameter, preferably a parameter DPBOESEL
describing an electrical length of the third line, such that it characterizes a length greater

than a maximum possible length of the first section.

In an embodiment, selecting the transmit power density comprises applying a frequency
independent offset to a power signal density mask, preferably to the power signal
density mask obtained when performing downstream power back-off. Applying the
frequency independent offset reduces the crosstalk caused by the third line further so

that the method operates particularly reliably even for a large number of third lines.

In an embodiment, the telecommunication lines are digital subscriber lines, wherein the
first telecommunication line extends from a central office over a remote site to customer
premises equipment, the first section corresponding to an exchange side of the first line
between the central office and the remote site, wherein the second telecommunication

line and the third telecommunication line extend from the remote site to further
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customer premises equipment. This embodiment constitutes a mixed CO/RT
deployment. Typically, different types of DSL systems are applied in such a mixed
CO/RT deployment. In an exemplary embodiment, the first line may be an ADSLx line
and the second and third lines may be VDSL2 lines. ADSLx can be used on rather long
telecommunication line, whereas VDSL2 offers quite high bit rates but needs
comparatively short telecommunications lines that must therefore be terminated at the

remote site, €.g. in a cabinet.

In a preferred embodiment, a line specific length value is determined for each second
telecommunication line of a plurality of different second telecommunication lines,
wherein the length value is calculated depending on the line specific length values,
preferably by determining a mean value of the line specific length values. Determining
the line length value by considering multiple different second telecommunication lines

improves both accuracy and reliability of the method.

According to another embodiment, a device for determining a length value
characterizing a length of a first section of a first telecommunication line, a second
section of the first telecommunication line being arranged along at least one second
telecommunication line so that the first telecommunication line causes crosstalk to the
second telecommunication line is provided, wherein the device is operable for acquiring
line noise measurement data characterizing quiet line noise of the second
telecommunication line; and determining the length value depending on the line noise

measurement data.

In an embodiment the device is operable, preferably programmed, for executing a
method according to the invention, embodiments of which method are described herein.
In an embodiment, the device is a programmable computer or controller that is

programmed for executing the method.

According to yet another embodiment, a monitoring node connectable, ¢.g. via a
network interface, to an access network is provided, said network comprising at least
one access node, wherein the monitoring node comprises a device for determining a
length value according to the invention, embodiments of which device are described

herein.
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According to still another embodiment, a computer program product, preferably a
computer readable storage medium, is provided the computer program product
comprising a computer program that is programmed to execute a method according to
the invention when run on a computer. The storage medium may include optical discs
magnetic discs or tapes as well as semiconductor storage elements like RAM, ROM or
Flash memory. Furthermore, the computer program may be provided by a server for

download over a communication network such as the Internet.

Brief description of the figures
Exemplary embodiments and further advantages of the present invention are shown in

the Figures and described in detail hereinafter.

Figure 1 shows a telecommunication network comprising multiple digital subscriber
lines;

Figure 2 shows a detail of the network shown in Figure 1;

Figure 3 shows a flowchart of a method for determining a length of an exchange side
section of a telecommunication line of the network shown in Figures 1 and 2;

Figure 4 shows a diagram of quiet line noise as a function of frequency in case that no
downstream power back-off (DPBO) is performed; and

Figure 5 shows the diagram similar to Figure 4 of the quicet line noise if DPBO is

performed.

Description of the embodiments

The description and drawings merely illustrate the principles of the invention. It will
thus be appreciated that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope. Furthermore, all
examples recited herein are principally intended expressly to be only for pedagogical
purposes to aid the reader in understanding the principles of the invention and the
concepts contributed by the inventors to furthering the art, and are to be construed as
being without limitation to such specifically recited examples and conditions.
Moreover, all statements herein reciting principles, aspects, and embodiments of the
invention, as well as specific examples thereof, are intended to encompass equivalents

thereof.
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Figure 1 shows a communication network 11 comprising a first telecommunication line
13. A first end 16 of the telecommunication line 13 is connected to a network side
termination node of the network 11, further referred to as first access node 17, and a
second end 18 of the line 13 is connected to a terminal side termination node 19 of the
network 11. The terminal side termination node 19 may be part of customer premises

equipment (CPE 21) of the network 11.

The first telecommunication line 13 may be a Digital Subscriber Line (DSL) of any
type. Consequently, the access node 17 may be a DSL Access Multiplexer (DSLAM) or
another type of DSL access node. In the shown embodiment, the first
telecommunication line 13 is an ADSLX ling, i.¢. a line that is used for DSL variants
that have a rather low bit rate compared to other DSL variants like VDSL (e.g. VDSL1
or VDSL2). The terminal side termination node 19 may be a DSL modem or include a

DSL modem.

The access node 17 has first modem circuitry 23 to which the first end 16 of the first
line 13 is connected. In addition, the access node 17 has a first controller 25 adapted for
controlling the operation of the access node 17. In an embodiment, the first controller
25 is a programmable computer comprising a processor 27, €. g. a microprocessor, and

a storage element 29, e.g. semiconductor memory.

The terminal side termination node 19 includes second modem circuitry 33 to which the
second end 18 of the first line 13 is connected. Furthermore, the terminal side
termination node 19 comprises a second controller 31. The second controller 31 may
have the same basic configuration as the first controller 25, i.e. the second controller 31
may be a programmable computer and comprise a processor 27 and/or a storage element

29.

In the shown embodiment, at least a section of the first line 13 is part of a first binder 35
and extends in parallel to at least one further telecommunication line 36. The further
line 36 may be ¢.g. a DSL line of any type. In the shown embodiment, the at least one
further line 36 is another ADSLx line. The binder 35 may comprise an electrically
conductive, preferably metallic, shielding 38 that may be grounded as depicted in

Figure 1.
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Furthermore, the network 11 may comprise an optional monitoring station 39 connected
¢. g. via a interconnection network 41 to at least one of the nodes 17, 19 such that the
station 39 can communicate with at least one of the nodes 17, 19, preferably the access
node 17. The station 39 comprises a third controller 43. The third controller 43 may
have the same basic configuration as the first controller 25, i.e. the third controller 43
may be a programmable computer and comprise a processor 27 and/or a storage element
29. In an exemplary embodiment, the station 39 may be a server, a personal computer, a
handheld computer such as a PDA or cell phone, etc. In an embodiment, the collection
and processing of the measurement data may not be done in the cell phone or laptop, but
by a platform server. In this embodiment, the phones are clients that can retrieve the

results of the collection and processing from the server.

As can be seen in Figure 1, the monitoring station 39 is connected via the
interconnection network 41 to a second access node 45 of the network 11. The second
access node 45 includes a fourth controller 47. The fourth controller 47 has at least
essentially the same configuration as the first controller 25 or the second controller 31.
In particular the fourth controller 47 may include a processor 27 and a storage

element 29.

The second access node 45 may be located at a remote site of the network, in particular
in a cabinet 49. The remote site and the cabinet 49 are located at a different place than a
central office 51, where the first access node 17 is located. That is, the remote site
including the cabinet 49 are remote with respect to the central office 51. The central

office 51 is also referred to as local exchange.

In the shown embodiment, the first line 13 begins at the first access node 17 of the
central office 51, goes through the cabinet 49 and ends at the modem 19 of the CPE 21.
A first section 50 of the first line 13 between the access node 17 of the central office 51
and the cabinet 49 is usually called exchange side (ES) of the first line 13. A second
section 52 of the line 13 between the cabinet 49 and the modem 19 of the CPE 21 is
often referred to as customer site (CS) of the line 13. The first section 50 of the first
line 13 may extend within the first binder 35 in parallel with least one further
telecommunication line 36. The second section 52 of the first line 13 may extend within

a second binder 53. Within the second binder 53, the first telecommunication line 13
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and/or the at least one further line 36 may run in parallel to at least one second
telecommunication line 55. The second telecommunication line 55 is arranged between
the second access node 45 and a further DSL modem 57 of the CPE 21 of a further
customer. For the sake of simplicity, only one further DSL modem 57 is shown in
Figure 1, however multiple further DSL modems 57 may be provided that are connected

over further second telecommunication lines with the second access node 45.

Because the access node 17 may be located in a central office 51, the first
telecommunication line 13 begins at the central office 51, goes through the cabinet 49
and ends at the customer premises 21. In an embodiment, the cabinet 49 is a passive
cross connect connecting a first section 50 of the line 13 arranged between the central
office and the cabinet 51 to a second section 52 of the line 13 arranged between the
cabinet 49 and the customer premises equipment 21. In particular, the first section 50 of
the first telecommunication line 13 may extend within the first binder 35 and the second
section 52 of the telecommunication line 13 may extend within a second binder 53, with
the second binder 53 being installed between the cabinet 49 and e. g. a building where

the CPE 21 is located.

A second telecommunication line 55 starts at the further access node 45, goes through
the second binder 53 and ends at a further terminal side termination node 57, ¢. g. a
further DSL modem 57, being part of the CPE 21 of another customer. That is, the
second section 52 of the first telecommunication line 13 corresponds to a section of the
line 13 where the two lines 13, 55 run at least essentially in parallel within the second
binder 53. The further access node 45 may be connected to a high bit rate backhaul link,
¢.g. an optical link, the resulting access architecture therefore being called Fiber To The
Cabinet (FTTC). In another embodiment, the cabinet 49 may be located at a different
place. For example, the cabinet 49 may be located in a building where the CPE 21 is
located (Fiber To The Building, FTTB). Because the remote site where the cabinet 49 is
located is closer to the CPEs 21 than the central office 51, the second
telecommunication line 55 is shorter than the first line 13 so that high bit rate services

like VDSL can be provided over the second line 55.

As shown in Figure 1, multiple lines may be arranged between the second access node

45 and the CPE 21 of different customers. That is, at least one third telecommunication
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line 56 may be arranged between the second access node 45 and yet another DSL
modem (not shown). At least one of the lines 55, 56 between the further access node 45
and one of the CPE 21 is used for DSL transmissions with a higher maximum bit rate
than on the lines 13, 36 between the central office 51 and the respective CPE 21. In the

shown embodiment, this at least one line with the higher bit rate is a VDSL2 line.

The lines 13, 36 connected to the access node 17 at the central office use DSL
techniques that have a smaller maximum bit rate than the lines 55, 56 connected to the
second access node 45. In the shown embodiments, the lines 13, 36 connected to the
central office 51 use an ADSL-variant (ADSLx), such as ADSL, ADSL2, ADSL2+,
READSL, etc.

The cabinet 49 may be located closer to the CPE 21 than the central office 51. As a
consequence, the second telecommunication line 55 going through the second binder 53
only and not through the first binder 35, is shorter than the first telecommunication

line 13 that goes through both binders 35, 53. In the shown embodiment, a Very High
Speed Digital Subscriber Line (VDSL) technique such as VDSL 1 or VDSL 2 is used
on the second telecommunication line 55. The first communication line 13 uses

comparatively low bit rate DSL techniques such as ADSLx (e.g. ADSL2 or ADSL2+).

As shown in Figure 2, the second access node 45 located in the cabinet 49 may be
connected to a backhaul link 59, which in turn may be connected to a device, such as a
network switch (not shown), located in the central office 51. The backhaul link 59 may
be an optical link. In particular, the backhaul link 59 may be part of an optical access
network, such as a Passive Optical Network (PON). In an embodiment, the backhaul

link may be part of the interconnection network 41.

Consequently, the access network architecture of the network 11 is often referred to as
Fibre To The Cabinet (FTTC). In another embodiment, the second access node 45 may
be located even closer to the CPE 21, e.g. in a building where the CPE 21 is located
(Fibre To The Building, FTTB). Generally, the present invention is not limited to a
certain type of network architecture. However, it can be particularly advantageously
applied in access networks where different types of subscriber lines of different lengths
are installed and run in parallel within a section (e.g. the lines 13 and 55 running in

parallel at least within the second binder 53).
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Because the first modem 19 at the central office 51 uses the comparatively slow DSL
variant ADSLx and the second modem 57 at the cabinet 49 uses a comparatively high
bit rate DSL variant VDSL, the scenario shown in Figure 2 is often referred to as
“mixed central office / remote terminal deployment (mixed CO/RT deployment)”. In
this mixed deployment, some telecommunication lines 13, 36 are terminated in the
central office 51 and some different telecommunication lines 55, 56 are terminated at
the second access node 45 in the cabinet 49. In such a mixed CO/RT deployment,
telecommunication lines 13, 36; 55, 56 using different DSL techniques are often located
in the same binder 53. As a consequence, crosstalk (arrow 60) between the lines 13, 36;
55, 56 using different DSL techniques may occur because the lines 13, 55 use a

common spectral band.

In particular, intensive crosstalk may occur from the second telecommunication line 55
to the first telecommunication line 13 because a downstream signal emitted by the
second access node 45 is not attenuated at a cabinet side end of the second binder 55,
whereas a downstream signal emitted by the first access node 17 of the central office 51
is attenuated within the first section 50 of the first telecommunication line 13. Thus, the
attenuated downstream signal of the first line 13 within the second binder 53 can be
heavily influenced by crosstalk originating from the non-attenuated downstream signal

emitted by the second access node 45 over the second telecommunication line 55.

In order to avoid such excessive crosstalk from the second telecommunication line 55 to
the first telecommunication line 13, Downstream Power Back-Off (DPBO) may be
applied by the second access node 45 for the second telecommunication line 55.
Basically, DPBO reduces the Power Spectral Density (PSD) of a signal transmitted over
the second telecommunication line by modifying a PSD mask applied by the second
access node 45 such that the second telecommunication line 55 causes at least
essentially the same crosstalk, in particular far end crosstalk (FEXT) to the first
telecommunication line 13 as if the second telecommunication line 55 would be
terminated at the central office 51 instead of the cabinet 49. The condition according to
which the shorter second telecommunication line 55 shall cause at least essentially the
same crosstalk to the first telecommunication line as lines running in parallel to the first

line along to both sections 50, 52, is also referred to as “equal-FEXT condition”. DPBO
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is described in detail in the ITU-T recommendation G.977.1 (04/2009), in particular in
Annex II thereof.

As illustrated in Figure 2, the first access node 17 at the central office 51 uses an
unmodified PSD mask 61 for downstream transmission over the first line 13. The first
section 50 of the first line 13 attenuates the downstream signal resulting in a first
attenuated signal PSD 63 at the cabinet 49 at the cabinet side end of the second

section 52 of the first line 13. The second section 52 of the first line 13 leads to a further
attenuation of the downstream signal of the first access node 17. Thus the signal
received by the modem 19 has a second attenuated PSD 65. In order to avoid excessive
crosstalk from a downstream signal emitted by the second access node 45 over the
second line 55 in the second binder 53 to the first line 13, the second access node 45
applies a modified PSD mask 67 to downstream transmissions, so that the downstream
signal emitted by the second access node 45 has the reduced PSD at least in frequency

ranges that are also occupied by the downstream signal or the first line 13.

In an embodiment, the modified PSD mask 67 defined in ITU-T recommendation
(G.997.1 paragraph 7.3.1.2.13.c is used. The modified PSD mask 67 according to the
VDSL standard is defined as follows:

PEPSD(f) = DPBOEPSIX f) —

(DPBOESCMA + DPBOESCMB-,[f + DPBOESCMC - f) - (1)
DPBOESEL

The symbol f stands for the frequency. DPBOEPSD is the maximum PSD mask
permitted, e.g. the unmodified PSD mask 61. DPBOESCMA, DPBOESCMB, and
DPBOESCMC, are DPBO configuration parameters modelling the cable attenuation of
the first line in the first section 50 on the exchange-side of line 13. The DPBO
configuration parameter DPBOESEL describes the electrical length of the first section
50 of the first line 13, also referred to as “E-side electrical length”. An electrical length
corresponds to attenuation created by cable at a given frequency, e.g. at 1 MHz. The
electrical length is proportional to a physical loop length Lgs of the first line 13 between
the central office 51 and the cabinet 49 (length of the first section 50). That is
DPBOESEL is directly proportional to Lgs,
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The parameters DPBOESCMA, DPBOESCMB and DPBOESCMC depend on the cable
type and the parameter DPBOEPSD is usually imposed by country-specific spectral
regulations. As a consequence, the parameters DPBOESCMA, DPBOESCMB,
DPBOESCMC and DPBOEPSD are typically network-wide parameters that are valid
for all lines 13, 55, and particular for all second lines 55 of the network 11, irrespective
of the position of the cabinet 49 with respect to the central office 51. However, the
parameter DPBOESEL describing the electrical length of the first section 51 and
depending on the physical length Lig of the first section 50 must be determined for each
line 55, 56 or at least for each group of lines 55, 56 terminated in a specific cabinet 49,

separately.

If an operator of the network 11 has a topology database from which the physical length
Lgs of the first section may be retrieved for each cabinet 49, the operator may determine
the electrical length parameter DPBOESEL by using the above-mentioned
proportionality. However, configuring the parameter DPBOESEL using the topology
database is time-consuming and error-prone because access to the topology database
must be provided and because there is the risk that the physical line length Lgg stored in
the topology database is not correct. Moreover, some operators may not have stored the
physical length Lgs of the first section 51 in the topology database for every cabinet 49.
Other operators may not have a topology database at all. These operators may use
manual measurement approaches in order to determine the length of the first section 50.
Because wire line access networks typically have many cabinets 49, these

measurements would be expensive and time-consuming.

Figure 3 shows a flow chart of a method 71 for determining a value that characterizes
the length (physical length or electrical length) of the first section 50 of the first
telecommunication line automatically. The method 71 may be executed by a
programmed computer. To this end, a computer program may be provided which may
be stored on a storage element of the computer so that the computer will execute the
method 71 when running that computer program. In particular, the method may be
executed by at least one of the controllers 25, 31, 43, 47. In a preferred embodiment, the
method 71 may be executed by the monitoring station 39, in particular by the third
controller 43. The monitoring station 39 or the third controller 43 may be part of a

network analyzer. The network analyzer may include Dynamic Line Management
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(DLM) functionality. In an embodiment, the method 71 may be part of this DLM
functionality. However, the method 71 may also be executed on different nodes such as

one of the access nodes 17 or 45.

After a start 73 of the method 71, a block 75 is executed for setting DPBO configuration
parameters of the second access node 45 for the second line 55 and third lines 56 to
conservative settings so that crosstalk caused by the first telecommunication line 13
dominates the crosstalk caused by other telecommunication lines 55, 56 connected to
the second access node 45 and being part of the second binder 53. To this end, block 75
may select a transmit power signal density of a signal emitted by the second access
node 45 to the at least one third telecommunication line 56 (i.e. telecommunication line
connected to the second access node 45 and going along the second telecommunication
line 55 so that the second telecommunication line 55 is subject to crosstalk caused by
the third telecommunication line(s) 56) such that crosstalk caused by the first
telecommunication line 13 dominates the crosstalk caused by the third
telecommunication lines 56. In an embodiment, selecting such a transmit power signal
density may include using an appropriate modified PSD mask 67 at the second access

node 45 for the third telecommunication lines 56.

The appropriate modified PSD mask 67 may be selected by setting the parameters of
equation (1) in a suitable way. In the shown embodiment, the block 75 has a step 77,
that selects the parameter DPBOESEL such that it corresponds to a line length greater
than a maximum physical line length Lgg that may occur in the network 11. The reason
for setting the electrical line length parameter DPBOESEL by step 77 can be explained
with the help of a mathematical model of the crosstalk, ¢.g. the FTXT model described
in the ITU-T recommendation G.996.1, paragraph 7.4.1:

FEXT(f,L) =PSD(f)+
10-log,, (7,74.10*21 - Ndist -(3.28-L)-f2)+ (2)
Hlog(L,f)

In equation (2), PSD(f) stands for the power spectral density of the disturbing signal,
Ndist is the number of disturbers, and L is the coupling length in meters. Hlog(f) is the
magnitude of the channel frequency response, i.¢. the transfer function of the considered

telecommunication line. The channel frequency response may be modelled as follows:
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Hlog(L, f)=—~(4 + B-y[f +C.f-L 3)

The constants A, B, C characterize the attenuation of the considered telecommunication
line (cable attenuation). The parameters A, B and C correspond to the cable model
parameters DPBOESCMA, DPBOESCMB and DPBOESCMC used in equation (1).
The constants A, B, C can be scaled such that L is either the physical line length Lgs or
the electrical length, because the physical length and the electrical length are directly

proportional with respect to each other.

The above equation can be applied to the mixed central office remote terminal
environment shown in Figures 1 and 2 in order to predict a quiet line noise QLN that
can be measured at the second telecommunication line 45. The quiet line noise has three
components: crosstalk FEXTco originating from the lines 13, 36, terminated at the
central office (e.g. ADSLx lines), crosstalk FEXTrr originating from the third
telecommunication lines 56 (e.g. further VDSL lines arranged in parallel to the line 45

in the second binder 53), and a receiver noise floor minQLN.

The crosstalk from the third lines 56 can be written as:

FEX Ty (f) = PSDy (£)+10.1og,,(7,74.10 " - Ndist’S - (3.28.Les)- £ )+

Hlog(LCS ’ f) @

PSDgr stands for the PSD of the signal emitted by the second access node 45 over the
third lines 56, Ndist,, is the number VDSL disturbers (e.g. number of third
telecommunication lines 56), and Lcs is the loop length from the cabinet 49 to the

customer premises 21 (length of second section 52).

The crosstalk from the lines 13, 36 connected to the first access node 17 can be written

as:

FEXT(f) =PSD (/) +Hlog(Lyq, f)
+10.log,(7,74.10 " Ndist25 - (3.28.L ) ) (5)

+ Hlog(Lcs ) f)

PSDco is the PSD of the signals emitted by the first access node 17 in the central
office 51 (e.g. the PSD of the ADSLx signal emitted by the first access node 17),
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Ndist ., 1s the number of disturbers (e.g. number of disturbers ADSLx lines 13, 36), Lgs

is the length of the lines 13, 36 between the central office 51 cabinet 49 (length of the

first section 50).

The overall quiet line noise QLN can be modelled as the sum of the two types of

crosstalk and receiver noise floor minQLN:

(6)

FEXTRT FEXTco min QLN ]

QLNle-logw(lO 0410 0 410 1

Figure 4 shows both the resulting QLN as well as the components FEXTgr and FEXTco
as a function of the frequency f. The frequency fis shown in the x-axis of fig. 4 as a
tone index 1. The frequency in Hz can be obtained by multiplying the tone index 1 with
the bandwidth of a single Discrete Multi-tone Transmission (DMT) carrier used in
ADSLx and VDSL systems. In the shown embodiment, the bandwidth of a single
carrier i8 4.3125 kHz. The y-axis shows the frequency dependent value of the PSD in
dBm/Hz. For the sake of simplicity, Figures 4 and 5 show the QLN and its components
FEXTgrt and FEXT¢o in downstream direction only. As a consequence the diagrams of
FEXTrt and FEXTco in Figures 4 and 5 have a gap in a region around tone index 1000.

This region may be used for upstream transmissions.

Because a first frequency range 79 used for the signals on the first telecommunication
line 13 and the further telecommunication lines 36 is limited to a frequency
corresponding to a tone index of 512, the component FEXTco is present for
comparatively low frequencies (less than tone index 512) only. The signals on the third
telecommunication lines 56 use much higher frequencies (up to tone index 2048 or
4096). The crosstalk originating from the at least one third telecommunication lines 56
has therefore a larger second frequency range 81. The second frequency range 81 is the
frequency range of a signal transmitted over the second line 55 and/or the third line 56,
¢.g. the frequency range of a VSDL signal. In the shown embodiment, the first
frequency range 79 extends from tone index 1 to tone index 512 and the second
frequency range 81 extends from tone index 1 to tone index 2048. In another
embodiment, the second frequency range 81 is larger than in the shown embodiment

and extends from tone index 1 to tone index 4096. As can be seen in Figures 4 and 5,
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the second frequency range 81 completely overlaps the first frequency range. However,
the method and devices described herein can also be applied in connection with
networks 11, where a part of the first frequency range 79 does not belong to the second

frequency range 81.

In the example shown in Figure 4 DPBO is not applied and the second access node 45
uses the unmodified PSD mask 61. As a consequence, the resulting QLN is dominated

by the component FEXTgr.

When applying DPBO on the third telecommunication lines 56, the modified PSD 67
also referred to as “shaped PSD” is used instead of the unmodified PSD of equation (4).

This leads to the following equation:

FEXT,; (f) = ShapedPSD,. (f) +
10-log, (7.74.10 %" - Nedist2f - (3.28.Les)- £ )+ Hlog(Les, f)

where (7

ShapedPSDy; (f) = PSDy; (f) -
(DPBOESCMA+ DPBOESCMB 4/ f + DPBOESCMC. f)- DPBOESEL

Figure 5 shows a plot of the resulting QLN and its components FEXTgrr and FEXTco
when performing DPBO as modelled in equation (7). In the first frequency range 79 —
which constitutes a common frequency range used on all telecommunication lines 13,
36, 55, 56 — the crosstalk FEXTrt from the third telecommunication lines 56 is less than

the crosstalk FEXT o from the telecommunication lines 13, 36.

Block 75 serves to make sure that the component FEXTco is at least essentially
dominant compared to the component FEXTgt. Consequently, step 77 ensures that the
result of equation (5) is higher than the result of equation (7). Assuming that the number
of the third lines 56 is equal to the number of lines 13, 36 connected to the first access

node 17, the following constraint is obtained:

(DPBOESCMA + DPBOESCMB- ,/ / + DPBOESCMC- f)- DPBOESEL

8
> Hlog(Lyg, /) ®
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Further assuming the parameter DPBOESCMA, DPBOESCMB and DPBOESCMC
being set correctly such as they reliably model the attenuation of the telecommunication
lines, i.e. that the expression in brackets on the left side of equation (8) corresponds to
the transfer function Hlog on the right side of equation (8), the constraint of step 77 is

obtained:

DPBOESEL > L, )

In an embodiment, block 75 has only step 77. However, in the shown embodiment,
block 75 includes a further step 81. Step 81 performs an additional power reduction by
subtracting a constant, frequency-independent offset APSD from the PSD of the signal
transmitted by the second access node 45. The subtraction of the offset APSD may be
applied in addition to a setting of the parameter DPBOESEL in step 77.

Step 81 may be applied in particular if Ndist,, of third line 56 is greater than the
number Ndist ., of lines 13, 36 connected to the first access node 17. By inspecting the
equations (5) and (7) assuming that the actual length Lgs is equal to the maximum

boundary configured for the DPBOESEL parameter, the difference between the
equations (5) and (7) is:

FEXT,, — FEXTy, =10-log,, (Ndist%$ )~10-log,, (Ndist?)
Ndist ., ) (10)
Ndist 5,

=6-log,(

Because the difference between the two components FEXTco and FEXTrr is a
frequency-independent offset, the constant power back-offset APSD may be applied in
order to compensate a comparatively high crosstalk due to a larger number of third
telecommunication lines 56 than a number of telecommunication lines 13, 36 connected

to the first access node 17.

Preferably, the offset APSD is in the range between 5dB and 20dB, preferably between
7dB and 15 dB. In a preferred embodiment, the offset is APSD=10dB. This value of the
offset APSD guarantees that the component FEXT¢o is dominant with respect to
FEXTgy for a number of disturbers 48 times higher than the number of lines 13, 36
connected to the first access node 17, since 6-log;¢(48)=10dB.
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If the method 71 is executed on the monitoring station 39 or to another node connected
to the interconnection network 41, the parameters DPBOESEL and/or APSD may be
communicated over the interconnection network 41 to the second access node 45 in

order to change the DPBO settings of the second access node accordingly.

After the DPBO parameters have been set in block 75, step 83 of the method 71 is
executed in order to retrieve quiet line noise QLN data from the second access node 45.
The retrieved quiet line noise data QLN characterizes a quiet line noise measured by the

second access node 45 on the second telecommunication line 535.

After step 83, the method 71 executes a block 85 that determines a length value such as
the physical line length Lgg that characterizes the length first section 50 depending on
the quiet line noise measurement QLN. Block 85 may include a step 87 that performs a
first fitting. The first fitting comprises fitting the above-described mathematical model
of the quiet line noise using the crosstalk model specified in equation (7) to the
measured quiet line noise QLN. Results of this first fitting performed in step 87 include

the length L¢s of the second section 52 and the number of disturbers Ndist ,, within the

second section 52, in particular within the second binder 53. In a preferred embodiment,
the first fitting in step 87 is performed on a sub-band 89 that is used for transmissions
over the second telecommunication line 55 and the third telecommunication lines 56
only and not for transmissions over the first telecommunication line 13 and the further
telecommunication line 36 connected to the first access node 17. In the embodiment
shown in Figure 4 and Figure 5, this sub-band 89 may correspond to the second
frequency range 81 with the first frequency range 79 excluded. In the shown exemplary
embodiment, the sub-band 89 therefore corresponds to higher VDSL2 frequencies used
on the second line 55 and third line 56 only, i.e. the sub-band 89 corresponds to the
second frequency range 81 with the first frequency range 79 excluded (e.g. tone index
513 to 2048). However, in other embodiments, a different sub-band 89 may be applied.
For example, the sub-band 89 may be a proper subset of the second frequency range 81

with the first frequency range 79 excluded.

Block 85 may comprise a further step 91 that performs a second fitting. The second
fitting comprises fitting the model of the quiet line noise using the crosstalk model

specified in equation (5) to the measured quiet line noise QLN. In a preferred
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embodiment, the second fitting is performed for a common sub-band 93. At least a part
of the common sub-band 93 is used by all telecommunication lines 13, 36, 55, 56. As
shown in Figures 4 and 5, this common sub-band 93 may correspond to the whole
second frequency range 81. However, in other embodiments, any different sub-band
may be selected as the common sub-band 93 that includes at least a part of the first
frequency range 79 and the second frequency range 81. For example, the common sub-
band may include only a part of the first frequency range 79 and/or only a part of the

second frequency range 81.

In order to perform the first fitting 87 or the second fitting 91 on a particular sub-band
89, 93 only, in an embodiment, the method 71 may consider the quiet line noise
measurement QLN and/or the respective quiet line noise model for frequencies residing

in the respective sub-band 89, 93 only.

In an embodiment, parameters Lcs, Ndist,, determined in the first fitting 87 are used as
model parameters for the mathematical model used in the second fitting 91. The result
of the second fitting 91 is the physical line length Lgs of the first section 50 and a

number of disturbers Ndist ., on the first section.

In another embodiment, step 87 is omitted and step 91 is performed without using the
results of the first fitting of step 87. In this embodiment, the values of the parameters

Lcs and/or Ndist,, may be obtained by another suitable way. For example, these

parameters may be estimated with or without using information about the network

topology.

After block 85, a step 95 is executed that calculates the electrical length depending on
the physical line length Lgg of the first section 50 determined e.g. in step 91. Because
the electrical length DPBOESEL of the first section 50 is proportional to the physical
line length Lgg of the first section 50, step 95 may include multiplying the physical line

length Lgg of the first section 50 with a constant factor.

In another embodiment, the method 71 determines the electrical line length DPBOESEL
directly instead of the physical line length Lgs. In this embodiment, step 95 may be
omitted. Calculating the electrical line length directly, e.g. in block 85 may be

implemented by appropriately scaling the above-described model equations.
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A step 97 of the method 71 configures the second access node 45 with the parameter
DPBOESEL determined by the method 71. To this end, step 97 may transmit the
parameter DPBOESEL over the interconnection network 41 to the second access

node 45. In case that the method includes the step 81, step 97 may comprise removing
the constant offset APSD from the PSD mask applied by the second access node 45 for
the third telecommunication lines 56. After step 97, the method may be terminated in a

step 99.

In a preferred embodiment, the length value Lgs may be determined by performing at
least some of the steps of the method 71, in particular block 75, step 83 and block 85
multiple times for different lines selected as the second line 55 from the lines connected
to the second access node 45. To this end, the method 71 may perform multiple
iterations (arrow 101). For example, each time said at least some steps of the method 71
are executed, a line from the lines 55, 56 connected to the second access node 45 is
selected as the second telecommunication line 55 and the length value Lgs or
DPBOESEL that characterizes the length of the lines 13, 36 connected to the first access
node 17 is calculated. Then the multiple values characterizing the length of the first
section 50 are averaged in order to obtain a more accurate length value Lgs,

DPBOESEL.

To sum up, the method 71 allows for automatically determining a value describing the
length Lgg of the first section 50 of the line 13. To this end, block 75 applies very
conservative DPBO settings on the second access node 45 so that the component
FEXTco dominates the quiet line noise QLN in the first frequency range 79. Then the
measured quiet line noise QLN is retrieved from the second access node. Block 85
performs a two-step fitting operation in order to determine length value Lgs,
DPBOESEL. Finally, the second access node 45 is reconfigured with optimum DPBO
settings, in particular with the length value DPBOESEL determined by the present
method 71. In particular, when using the method as part of a DLM tool, operators using
the network 11 with a mixed central office / remote terminal environment, the DPBO

parameters can be configured automatically in a reliable and cost efficient way.
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Claims

1. Method (71) for determining a length value (Lgs, DPBOESEL) characterizing a
length (Lgs) of a first section (50) of a first telecommunication line (13), a
second section (52) of the first telecommunication line (13) being arranged
along at least one second telecommunication line (55) so that the first
telecommunication line (13) causes crosstalk (60) to the second
telecommunication line (55), wherein the method (71) comprises
- acquiring (83) line noise measurement data (QLN) characterizing quiet

line noise of the second telecommunication line (55); and
- determining (85) the length value (Lgs) based on the line noise
measurement data (QLN);
wherein the second telecommunication line (55) is subject to crosstalk caused by
at least one third telecommunication line (56) arranged along the second
telecommunication line (55) and wherein the method (71) comprises selecting
(75) atransmit power signal density of at least one third data signal transmitted
over the third telecommunication line (56) such that the crosstalk caused by the
first telecommunication line (13) dominates the crosstalk caused by the third

telecommunication line (56).

2. Method (71) according to claim 1, wherein the method (71) comprises
determining (95) depending on the length value (Lgs) a configuration parameter
(DPBOESEL) for downstream power back-off to be applied on a signal

transmitted over the second telecommunication line (55).

3. Method (71) according to claim 1 or 2, wherein the method (71) comprises
determining the length value (Lgs, DPBOESEL) depending on a common sub-
band (93) of the line noise, at least a part of the common sub-band residing
within a first frequency range (79) of a first data signal transmitted over the first
telecommunication line (13) and a second frequency range (81) of a second data
signal transmitted over a third telecommunication line (56) that is arranged
along the second telecommunication line (55) so that the third
telecommunication line (56) causes crosstalk to the second telecommunication

line (55).
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4. Method (71) according to claim 3, wherein the method (71) comprises
estimating parameters related to crosstalk to the second line (55), preferably a
coupling length (Lc¢s) and/or a number of disturbers (Ndistrr), said estimating
depending on a further sub-band (89) of the line noise, the further sub-band (89)
residing outside of the first frequency range (79) and within the second

frequency range (81).

5. Method (71) according to claim 4, wherein the method (71) comprises
determining the length value (Lgs) depending on the estimated parameters (Lcs,

Ndistrr) related to the crosstalk.

6. Method (71) according to one of the precedent claims, wherein determining the
length value (Lgs) and/or estimating the parameters (Lcs, Ndistrr) related to the
crosstalk comprises fitting a model of the crosstalk to the line noise

measurement data.

7. Method (71) according to one of the precedent claims, wherein selecting (75) the
transmit power signal density of the third signal comprises selecting (77) a
downstream power back-off parameter (DPBOESEL) such that it characterizes a

length greater than a maximum possible length of the first section (50).

8. Method (71) according to one of the precedent claims, wherein selecting (75) the
transmit power density comprises applying (81) a frequency independent offset
(APSD) to a power signal density mask (PSD), preferably to the power signal

density mask obtained when performing downstream power back-off.

9. Method (71) according to one of the precedent claims, wherein the
telecommunication lines (13, 36, 55, 56) are digital subscriber lines, wherein the
first telecommunication line (13) extends from a central office (51) over a
remote site (49) to customer premises equipment (21), the first section (50)
corresponding to a exchange side of the first line (13) between the central office
(51) and the remote site (49), and wherein the second telecommunication line
(55) and the third telecommunication line (56) extend from the remote site (49)

to further customer premises equipment (21).
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Method (71) according to one of the precedent claims, wherein a line specific
length value is determined for each second telecommunication line (55) of a
plurality of different second telecommunication lines (55, 56), and wherein the
length value (Lgs, DPBOESEL) is calculated depending on the line specific
length values, preferably by determining a mean value of the line specific length

values.

Device (25, 43, 47) for determining a length value (Lgs, DPBOESEL)
characterizing a length (Lgs) of a first section (50) of a first telecommunication
line (13), a second section (52) of the first telecommunication line (13) being
arranged along at least one second telecommunication line (55) so that the first
telecommunication line (13) causes crosstalk (60) to the second
telecommunication line (55), wherein the device (25, 43, 47) is operable for
- acquiring (83) line noise measurement data (QLN) characterizing quiet
line noise of the second telecommunication line (55); and
- determining (85) the length value (Lgs) based on the line noise
measurement data (QLN);
wherein the second telecommunication line (55) is subject to crosstalk caused by
at least one third telecommunication line (56) arranged along the second
telecommunication line (55) and wherein the device (25, 43, 47) is operable for
selecting (75) a transmit power signal density of at least one third data signal
transmitted over the third telecommunication line (56) such that the crosstalk
caused by the first telecommunication line (13) dominates the crosstalk caused

by the third telecommunication line (56).

Device (25, 43, 47) according to claim 11, wherein the device (25, 43, 47) is
operable, preferably programmed, for executing a method (71) according to one

of claims 1 to 10.

Monitoring node (39) connectable to an access network (11), the network (11)
comprising at least one access node (45), wherein the monitoring node (39)

comprises a device (25, 43, 47) according to claim 11 or 12.
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14. Computer program product, preferably a computer readable storage medium
(29), comprising a computer program that is programmed to execute a method

(71) according to one of claims 1 to 10 when run on a computer.
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