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Line, DSL, connection, the method comprising the steps of: method for creating a
channel for transmitting data on a Digital Subscriber Line, DSL, connection, the
method comprising the steps of: defining a plurality of sets of tones, wherein each
set of tones includes one or more tones used by a DSL connection; monitoring the
transmission characteristics of each set of tones in the plurality of sets of tones;
and creating a first channel for transmitting data on the DSL connection, including
allocating a first set of tones of the plurality of sets of tones to the first channel
based on the monitored transmission characteristics of the first set of tones and the
transmission requirements of the first channel.
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DATA COMMUNICATION

Field of the Invention

The present invention relates to data communication in a Digital Subscriber Line
network. In particular, but not exclusively, the present invention relates to providing
channels for transmitting data of a particular service type over a subscriber line in a
DSL network.

Background to the Invention

Digital Subscriber Lines, DSL, are a common technology for providing digital
communication over copper twisted pair subscriber lines. The term DSL (or sometimes
xDSL) is an umbrella term for several similar technologies, such as ADSL, ADSL2,
ADSL2+, VDSL, VDSL2, G.fast etc.

In DSL, the frequency range is divided up into a number of carriers (sometimes
referred to as bins) for carrying data bits. Typically, each carrier has the same amount
of bandwidth but transmits on its own unique frequency. This transmit frequency is
known as the “tone”, and also acts as an identifier for its particular carrier. DSL
technology has generally evolved to use wider frequency ranges to accommodate a
greater level of tones and bit loading, thus giving users a greater data rate. Most
standards for the various DSL technologies do not include the concept of
channelization, so the whole frequency range is notionally a single channel with global
configuration settings applied to it. This theoretically could compromise the operation
of certain services which have distinct transmission requirements on the line (for
example, Voice-over-IP (VolIP) services generally require a lower latency line than
Video-On-Demand (VOD), but are relatively more tolerant to high error rates).
Therefore, if the whole frequency range is subject to a high level of error protection to
ensure that VOD services are of sufficient quality, the induced delay from this error
protection may increase the latency on the line to an intolerable level for VolP services.

The ITU-T G.992.1 and G.992.3 standards (the “ADSL” and “ADSL2” standards
respectively) both addressed this problem through channelization. The ADSL standard
included the concept of “dual latency paths” which divided the spectrum into two
channels having different configuration settings (e.g. different levels of error protection).
The ADSL2 standard developed this concept further to define “multiple latency paths”,
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in which up to four different channels could be configured with different configuration
settings. Once created, the channels were applied to the line and data for a particular
service was loaded onto a particular channel depending on its operational

requirements.

US Patent 7,813,434 discusses the concept of multiple latency paths in more detail. In
this disclosure, the DSL line is divided up into several channels, and the DSL modem
determines the transmission characteristics of each channel. The DSL modem may
then transmit data on the line by loading data onto channels having corresponding
transmission characteristics (e.g. data for a VolP service will be loaded onto a channel
having low latency).

Although this feature was not commonly used in low bandwidth DSL systems, the
present inventors have identified that the concept of channelization of DSL
technologies can be improved (in particular for high frequency systems such as
G.Fast).

Summary of the Invention

According to a first aspect of the invention, there is provided a method for creating a
channel for transmitting data on a Digital Subscriber Line, DSL, connection, the method
comprising the steps of: defining a plurality of sets of tones, wherein each set of tones
includes one or more tones used by a DSL connection; identifying a transmission
characteristic of each set of tones in the plurality of sets of tones; and defining a first
channel for transmitting data on the DSL connection, including allocating a first set of
tones of the plurality of sets of tones to the first channel based on the identified
transmission characteristic of the first set of tones and a transmission requirement of

the first channel.

In the present invention, the DSL connection is divided up into one or more channels
each having particular transmission requirements, wherein tones across the DSL
frequency spectrum may be allocated to a channel if they have commensurate
transmission characteristics. Thus, a channel having low latency may be created, and
only tones which are determined to have low latency are allocated to that channel.
Each channel may therefore be tailor-made to a particular transmission characteristic.
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Thereafter, data requiring that particular transmission characteristic may be loaded
onto the corresponding channel on the DSL connection.

The first channel may be for transmitting data of a first service on the DSL connection,
and the step of defining the first channel may include allocating the first set of tones of
the plurality of sets of tones to the first channel based on the identified transmission
characteristics of the first set of tones and the transmission requirements of the first
service. In this manner, the channel may be tailored to the requirements of a particular
service. Thus, the quality of the connection for services having particular transmission
requirements (e.g. Voice-over-1P, which is highly dependent on a low latency line) can
be improved compared to the prior art techniques of having a single set of transmission
properties across the entire spectrum or several channels each with their own pre-

defined transmission properties.

The method may further comprise the steps of defining a second channel for
transmitting data of a second service on the DSL connection, including allocating a
second set of tones of the plurality of sets of tones to the second channel based on the
identified transmission characteristics of the second set of tones and the transmission
requirements of the second service. Thus, the method is scalable such that a plurality
of channels may be created for a plurality of services.

The first service may be assigned a higher priority than the second service, and the
steps of defining the first and second channels for transmitting data of the first and
second services on the DSL connection may include allocating the first set of tones of
the plurality of sets of tones to the first channel and then allocating the second set of
tones of the plurality of sets of tones to the second channel. Thus, the method may
prioritise particular services over others and improve the quality of the connection for
these services by using the tones having transmission properties most suitable for the
higher priority service in preference to the lower priority service.

The first channel may be for transmitting data on the DSL connection over a first time
period, wherein the first set of tones allocated to the first channel may be based on the
identified transmission characteristics of the first set of tones during the first time period
and the transmission requirements of the first channel during the first time period. The
method may therefore define channels to be used in different time periods (which is
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preferable when the user has different requirements during different times of day, for
example), and the tones may be allocated to a channel based on the transmission
properties of the tones during those times periods.

The method may further comprise the step of: applying error protection to the first
channel, wherein the form of error protection is dependent on the transmission
requirements for the first channel. For example, if the channel doesn't meet a
particular error target, an error protection setting may be applied, wherein the particular
error protection setting used is tailored to the requirements of that channel.

The method may further comprise the steps of: subsequently identifying new
transmission characteristics of each set of tones in the plurality of sets of tones; and
updating the first channel by replacing the first set of tones of the plurality of sets of
tones to the first channel with a new set of tones of the plurality of sets of tones, based
on the transmission characteristics of the new set of tones and the transmission
requirements for the first channel. The method may therefore update the channel to
use the most suitable tones as the transmission properties of the tones vary over time.

A computer program is also provided containing computer-executable code which,
when executed on a computer, causes the computer to perform the steps of the
method of the first aspect of the invention.

According to a second aspect of the invention, there is provided a device for creating a
channel for transmitting data on a Digital Subscriber Line, DSL, connection, the device
comprising a processor adapted to: identify a transmission characteristic of each of a
plurality of sets of tones on the DSL connection, wherein each set of tones includes
one or more tones used by a DSL connection; and to define a first channel for
transmitting data on the DSL connection by allocating a first set of tones of the plurality
of sets of tones to the first channel based on the transmission characteristic of the first

set of tones and a transmission requirement of the first channel.

The first channel may be for transmitting data of a first service on the DSL connection,
and the processor may be adapted to define the first channel by allocating the first set
of tones of the plurality of sets of tones to the first channel based on the transmission
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characteristics of the first set of tones and the transmission requirements of the first

service.

The device may further comprise: a monitoring module adapted to monitor the
transmission characteristics of the plurality of sets of tones on the DSL connection,
wherein the processor may receive the transmission characteristics of the plurality of

sets of tones from the monitoring module.

The processor may be further configured to: define a second channel for transmitting
data of a second service on the DSL connection, including allocating a second set of
tones of the plurality of sets of tones to the second channel based on the identified
transmission characteristics of the second set of tones and the transmission

requirements of the second service.

The first service may be assigned a higher priority than the second service, and the
processor may be adapted to create the first and second channels for transmitting data
of the first and second services on the DSL connection by allocating the first set of
tones of the plurality of sets of tones to the first channel and then allocating the second
set of tones of the plurality of sets of tones to the second channel.

The first channel may be for transmitting data on the DSL connection over a first time
period, and the processor may be adapted to define the first channel by allocating the
first set of tones to the first channel based on the transmission characteristics of the
first set of tones during the first time period and the transmission requirements of the
first channel during the first time period.

The processor may be further adapted to: apply error protection to the first channel,
wherein the form of error protection is dependent on the transmission requirements for

the first channel.

The processor may be further adapted to: subsequently identify new transmission
characteristics of each set of tones in the plurality of sets of tones; and update the first
channel by replacing the first set of tones of the plurality of sets of tones to the first
channel with a new set of tones of the plurality of sets of tones, based on the
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transmission characteristics of the new set of tones and the transmission requirements

for the first channel.

Brief Description of the Figures
In order that the present invention may be better understood, embodiments thereof will
now be described, by way of example only, with reference to the accompanying

drawings in which:

Figure 1 is a schematic diagram of a Digital Subscriber Line (DSL) network of a first
embodiment of the present invention, including a subscriber line;

Figure 2 is a flow diagram illustrating a first embodiment of a method of the present
invention;

Figure 3 is an example list of expected services on the subscriber line of Figure 1;
Figure 4 is a flow diagram illustrating a second embodiment of a method of the present
invention; and

Figure 5 illustrates a first and second list of expected services on the subscriber line of
Figure 1, wherein each list is used during a different time period.

Detailed Description of Embodiments

An embodiment of a DSL network 1 of the present invention will now be described with
reference to Figure 1. The DSL network 1 includes a subscriber line 5, which includes
a broadband connection between an exchange 10 (or “Central Office”, in US
terminology), and a distribution point 30 (in this case, via a street cabinet 20), and a
DSL connection between the Distribution Point (DP) 30 and a Customer Premises
Equipment, CPE, 40 in the customer’s premises. The DSL connection is provided over
a twisted copper pair subscriber line between a first DSL modem in the distribution
point 30 (typically part of a Digital Subscriber Line Access Multiplier, DSLAM) and a
second DSL modem in the CPE 40. This form of subscriber line is often referred to as
a Fibre-To-The-DP connection, and in this embodiment uses a frequency spectrum
ranging up to 106Mhz.

In the exchange 10, the broadband connection terminates in an Access Node 11. The
Access Node 11 interconnects the subscriber line 5 with an external network 13, in this
case the Internet. The Access Node 11 is also connected to a Network Management
System, NMS, 15 over a Q interface, which also includes a Dynamic Line
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Management, DLM, engine 17. The NMS 15 and DLM engine 17 are adapted to
monitor the subscriber line 5 and apply configuration settings to it (usually by sending a
line profile to the DSL modems). The skilled person will understand that the exchange
10 will also terminate many other subscriber lines (including DSL connections directly
connecting the exchange to the customer’s premises, Fibre-to-the-Cabinet connections
and other Fibre-to-the-DP connections), and the NMS 15 and DLM engine 17 are also
configured to monitor these lines and apply configuration settings to them too.
Furthermore, the skilled person will understand that the street cabinet and distribution
point will also have a one-to-many relationship with other elements lower down in the

DSL network hierarchy, but a one-to-one relationship is shown in this example.

For the purposes of this description, the DLM engine 17 will hereinafter be described
as the entity for monitoring and acting on the subscriber line 5 and includes memory
and processing modules for carrying out a method of the present invention.

A first embodiment of a method of the present invention will now be described with
reference to Figures 2 to 3. In a first step of the method (step S1.1), the DLM engine
17 is configured to compile a list of expected services on the line with their
corresponding requirements. An example list is illustrated in Figure 3, which shows
three services — VoIP, VOD, and gaming. The list also includes a service priority value
for each service (i.e. indicating the priority of this service to an end user), a
transmission characteristic priority indication for each service (i.e. indicating the most
important transmission characteristic for each service), and each service’s bandwidth
requirements, error tolerance, latency tolerance and delay variation (also known as
“jitter”) tolerance. As shown in the Figure, VolP requires 5 Mbps of bandwidth, less
than 30ms latency, less than 10ms of delay variation, and a Mean-Time-Between-
Error, MTBE of less than 300 seconds, whereas VOD requires 30Mbps of bandwidth,
less than 70ms latency, less than 30ms delay variation, and a MTBE value of 3600
seconds. The most important transmission characteristics for VolP and VOD are
latency and error rate respectively. The skilled person will understand that delay
variation is also an important characteristic for VolP, although only latency will be used

in this example.

In this embodiment, the DLM engine 17 is configured to compile this list of expected
services by monitoring the subscriber line 5 to determine which services are used by
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the end user and the bandwidth requirements for each service. The list may then be
created to include all these services, their respective bandwidths and the most
important transmission characteristics, and typical error, latency, and delay variation
requirements for these services. The service priority values for each service may be
inferred from the type of usage (e.g. if the subscriber line is used for VolP frequently
during the day, it may be inferred that VolIP is the highest priority service even if it uses
less bandwidth overall than other services). The list may initially be implemented by
using a starting template defining common services and their typical operational
requirements, which may then be updated over time as the line is monitored (for
example, to update the priorities and bandwidth requirements of each service).

In a second step of the method (step S1.2), the first DSL modem (i.e. the DSL modem
in distribution point 30) monitors the subscriber line 5 to determine an error count,
latency and delay variation of each group of tones. These values are then reported to
the DLM engine 17. The DLM engine is configured to calculate the Mean-Time-
Between-Errors, MTBE, for a period of time for each group of tones based on the error
count from the DSL modem.

In this embodiment, the error count (and thus the MTBE) for each group of tones is
determined in the following manner. The DSL modem is adapted to group all tones in
the frequency spectrum into distinct 1MHz groups (e.g. 0-1MHz, 1-2MHz, etc.), and
report the error rate for each group of tones for the period of time to the DLM engine
17. This is achieved by the first DSL modem implementing a modification of Impulse
Noise Monitoring, INM (originally defined in the ITU-T G.993.2 standard), wherein the
tones are grouped into adjacent 1MHz groups, each group has its own error detection
checksums applied, and INM is applied to each group of tones to determine the error
count for each group of tones. The results of this analysis may be stored in memory on
the first DSL modem and reported to the DLM engine 17, which may then calculate the
MTBE value for each group of tones. In this embodiment, the DLM engine 17
calculates the MTBE for each group of tones over a 24 hour period.

Furthermore, the latency for each group of tones may be determined by the DSL
modem measuring the ‘Downstream Actual Delay’ for each group of tones. This may
then be reported to the DLM engine 17. The DSL modem also determines the actual
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delay variation for each group of tones and reports this to the DLM engine 17. In this
embodiment, the actual delay variation is measured using the Y.1731 protocol.

The DLM engine 17 thus has a list of expected services on the subscriber line 5 and
their corresponding bandwidth and transmission requirements, and data relating to the
transmission characteristics (including error rate, latency and delay variation) of groups
of tones across the whole frequency spectrum. The DLM engine 17 is then configured
to create a channel for each service in order of their priority according to the following
algorithm.

In the following iterative algorithm, a priority value, p, and group number, n, are set at 1
(this will become apparent to the reader upon review). In step $1.3.1, the DLM engine
17 determines which service has the corresponding value for p. As shown in Figure 3,
the VolP service is the highest priority service having a p value of 1, and also shows
that the most important transmission characteristic for the VolP service is latency.
Accordingly, in step $1.3.2, the groups of tones are ordered in ascending order of their
latency and assigned the corresponding group number (such that the group of tones
having the lowest latency value is assigned value n=1, the group of tones having the
second lowest latency value is assigned value n=2, etc.) and the DLM engine 17
allocates the group of tones having group number 1 (i.e. having the lowest latency) to a
channel for the VolP service (the “priority one channel”). Thus, in above step S1.3.2,
the group of tones having group number n=1 is the first group of tones to be allocated
to the channel for the VolIP service. The value for nis then increased by 1, such that in
the next iteration of the method the group of tones having value n=2 will be allocated.

In step $1.3.3, the DLM engine 17 determines if the newly created priority one channel
has enough bandwidth to satisfy that service’s requirements. If not, the process loops
back to step S1.3.2 and the DLM engine 17 allocates the group of tones having group
number n=2 (i.e. the group of tones with the second lowest latency value) to the priority
one channel. This process is repeated iteratively (by looping back from step $1.3.3 to
step S1.3.2) until the priority one channel has been allocated enough groups of tones
to meet the bandwidth requirements for the VolP service.

In step S1.3.4, the DLM engine 17 is configured to determine if the newly created
channel meets the transmission requirements for the service. In this example, the DLM
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engine 17 therefore compares a predicted error rate for the VolP channel (based on
the MTBE for each group of tones allocated to the priority one channel) to the error
target for that service, a predicted latency for the VolP channel (based on the latency
for each group of tones allocated to the priority one channel) to the latency target for
that service, and a predicted delay variation for the VolP channel (based on the delay
variation for each group of tones allocated to the priority one channel) to the latency
target for that service. If the predicted error rate, latency and delay variation meet the
targets, then the channel creation step for the priority one channel is complete and the
process moves to step S1.3.7. However, in this example, the predicted error rate for
the VoIP channel is above the target. Accordingly, in step S1.3.5, the DLM engine 17
uses an appropriate mitigation technique (in this case, an error protection setting) to
bring the predicted transmission characteristics to within the targets.

In this example, the DLM engine 17 uses an error protection setting which has no
impact on latency, such as Reed Solomon without interleaving (a form of Forward Error
Correction), such that the priority one channel remains within the latency tolerance for
the VolP service. The extent of error protection may also be increased if a subsequent
check on the predicted error rate of the priority one channel still does not meet the error
target, such as by increasing the amount of FEC, whilst still having no impact on the
expected latency on the channel.

Furthermore, the skilled person will understand that the use of error protection may
incur an overhead penalty on the channel. Thus, in step $1.3.6, the DLM engine 17
again determines if the priority one channel has enough bandwidth to satisfy that
service's requirements. If not, the process loops back to step S1.3.2 in order to
allocate a further group of tones (having the next lowest latency value) to the channel.
Thus, steps S1.3.2 to $1.3.6 are repeated iteratively until the channel has enough
bandwidth for the service and the predicted error rate, latency and delay variation meet
the error, latency and delay variation targets, at which point the process moves to step
S$1.3.7.

In step S1.3.7, the DLM engine 17 increments value p by 1 and, in step S1.3.8,
determines if there are any services having this new priority value. As VOD has a
priority value of 2, the process loops back to step 1.3.1 to create a “priority two
channel” for the VOD service.
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In the next iteration of step S1.3.2, the DLM engine 17 determines that the most
important transmission characteristic for VOD is error rate. Accordingly, the remaining
groups of tones (i.e. the tones which were not allocated to the priority one channel) are
reordered in ascending order of their error rate, and assigned the corresponding group
number. Thus, if group numbers 1 to 3 were allocated to the priority one channel,
group number 4 is assigned to the group of tones having the lowest error rate of the
remaining groups of tones, group number 5 is assigned to the group of tones having
the next lowest error rate of the remaining groups of tones, etc. Thus, the priority two
channel is created by iteratively allocating groups of tones having the next lowest error
rate to the channel until it has enough bandwidth to meet demand and meets the error,
latency and delay variation targets for that channel. As before, if the predicted error
rate of the priority two channel is above the error rate target for that service, an error
protection setting is applied and the DLM engine 17 again determines if the channel
meets the bandwidth requirements.

As shown in Figure 3, the VOD service is very sensitive to errors, whilst being relatively
tolerant to latency and delay variation. In this example, the priority two channel does
not meet the error rate target for the VOD service and thus an error protection setting is
applied in step $1.3.5. In this embodiment, the DLM engine 17 selects from one of

several error protection settings, including:

a) No error protection;

b) Reed Solomon and interleaving with max latency 8ms and 0.75ms error length
correction;

c) Reed Solomon and interleaving with max latency 16ms and 2ms error length
correction;

d) Reed Solomon without interleaving, overhead for RS 100%; and

e) Physical layer retransmission.

In order to reduce the error rate to meet the target, the DLM engine 17 selects b) Reed
Solomon and interleaving with max latency 8ms and 0.75ms error length correction.
Although this increases the latency and overhead of the channel, it is still within the
latency and bandwidth targets of the service.
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Furthermore, in step S1.3.4, the DLM engine 17 determines if the latency and/or delay
variation of the priority two channel meets the latency and delay variation targets.
Although it is unlikely that the priority two channel will not meet these targets (as the
latency and delay variation targets are relatively lenient for the VOD service), the DLM
engine 17 can reduce the latency and/or delay variation for the priority two line by
exchanging a group of tones that has been allocated to the priority two channel with
another group of tones that has a similar error rate but lower latency and/or delay
variation (from the remaining groups of tones or even one allocated to the priority one
channel).

Once the priority two channel has been created, the DLM engine 17 then increases
value p by 1 and loops back to step S1.3.1 to create a “priority three channel” for the
third highest priority service. Thus, channels are created for each service, wherein
each channel's transmission characteristics are based on the transmission
requirements for that channel (and also taking into account how important that service
is to the end user).

Once the DLM engine 17 has created a channel for each service (i.e. the DLM engine
17 increases the value of p by 1 and determines that there are no services having this
value), the process moves to step S1.4 in which the DLM engine 17 sends the
configuration settings for the channels in the form of a line profile (along with all other
configuration settings defined by the DLM engine) to the first and second DSL modems
of the subscriber line 5. The line profile indicates which groups of tones to use for each
service (e.g. 40-41MHz and 53-54MHz for VolP, 42-43MHz, 43-44MHz, 44-45MHz, 81-
82MHz and 84-54MHz for VOD, and so on.). The first and second DSL modems may
then retrain to apply the new line profile (step S1.5) by building VLANs for each
channel. This is achieved, in this embodiment, by the Network Management System
15 which configures the VLANSs for each service (using appropriate parameters such as
Constant Information Rate and Peak Information Rate).

Thereafter, the DSL modems may transmit data of a particular service via a particular
channel by determining the service type for the data and transmitting the data via the
VLAN associated with that service. Accordingly, the DSL modems include a traffic
mapping module adapted to map the VLAN identifiers to the respective physical layer
path at the PMS-TC layer. Furthermore, the traffic mapping module may also be
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configured to only map the data when the DSL line is operating near or at its maximum
capacity, such that traffic of a lower priority service type may use the full capacity of the
DSL line, until data of a higher priority service is transmitted (at which point the channel

is reserved for the exclusive transmission of data of that service).

The skilled person will understand that there will most likely be groups of tones
remaining after the first, second and third channels have been created. These
remaining tones may be used by any service on the DSL line.

In the above example, the VoIP service is the highest priority service and a channel for
this service is created first using the groups of tones with the lowest latency. However,
the skilled person will understand this is only an example and that other services may
be the highest priority service for a particular user. In another example, the VOD
service is the highest priority service, and thus gets allocated the groups of tones with
the lowest error rates (as error rate is the most important transmission characteristic for
VOD) to its corresponding channel. Thereafter, when the DLM engine 17 creates a
channel for the VolP service, there is an increased likelihood that the predicted error
rate is greater than the error rate tolerance threshold and thus error protection settings
must be applied to the line to compensate for this. In this scenario, the DLM engine 17
may use greater levels of FEC until the predicted error rate meets the error rate target.
However, the skilled person will understand that the DLM engine 17 must strike a
balance between using ever increasing amounts of FEC (which incur an overhead
penalty) and allocating a fair share of bandwidth between the various services.
Accordingly, instead of using greater levels of FEC, the DLM engine 17 may instead be
configured to reallocate a group of tones which have previously been allocated to a
higher priority service to the VolP service (such that the higher priority service is
allocated the group of tones having the higher error rate), and determine if both the
VolP channel and the channel for the higher priority service then both meet the error
rate, latency and delay variation targets. If not, the process may be repeated (by
reallocating groups of tones from higher and higher priority services), until all channels

for all services meet the transmission characteristic targets.

A second embodiment of a method of the present invention will now be described with
reference to Figures 4 and 5. This second embodiment is similar to the first
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embodiment above, but creates a channel for a particular service to be used during a

certain time period.

In a first step S2.1 (see Figure 4), the DLM engine 17 is configured to compile several
lists of expected services on the line, with their corresponding service priorities, most
important transmission characteristic, attributes and requirements, wherein each list
relates to a particular time period. Example lists are shown in Figure 5, which
illustrates a first list of expected services on the line for 8am to 5pm, and a second list
of expected services on the line for 5pm to 8am. As shown in Figure 5, the first list
prioritises VolIP services over VOD, whilst the second list prioritises VOD over VolIP,
and the respective bandwidth requirements fluctuate between the two time periods.

Returning to Figure 4, in step S2.2, the first DSL modem (i.e. the DSL modem in
distribution point 30) monitors the subscriber line 5 to determine the error rate, latency
and delay variation over the time periods for both the first and second lists of expected
services (i.e. it monitors the line between 8am to 5pm to determine the error rate,
latency and delay variation during this first time period, and monitors the line between
5pm and 8am to determine the error rate, latency and delay variation for this second
time period). Again, the DSL modem is adapted to group all tones in the frequency
spectrum into distinct 1MHz groups (e.g. 0-1MHz, 1-2MHz, etc.), and report the error
rate, latency and delay variation for each group of tones for each period of time to the
DLM engine 17 (which then coverts the error rates into MTBE values). Again, the error
rates are measured by the first DSL modem implementing a modification of Impulse
Noise Monitoring, INM (originally defined in the ITU-T G.993.2 standard), such that the
tones are grouped into adjacent 1MHz groups, each group has its own error detection
checksums applied, and INM is applied to each group of tones to determine the error
rate for each group of tones. The results of this analysis may be stored in memory on
the first DSL modem and reported to the DLM engine 17, which is then converted into a
MTBE value.

Thus, the DLM engine 17 now has first and second lists of expected services on the
subscriber line 5 (including their corresponding priorities, attributes and requirements),
wherein the first and second list relate to a first and second time period respectively,
and also has a report of the MTBE, latency and delay variation for each group of tones
across the frequency spectrum for each time period.
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The DLM engine 17 is configured to create a channel for each service for each time
period, in order of their priority. This is achieved by implementing steps S1.3.1 to
$1.3.8 recited above for the first embodiment, for each time period. Thus, starting with
the first time period, the DLM engine 17 determines which service has a value p=1,
which is the VoIP service (step $2.3.1). In step S2.3.2, the DLM engine 17 allocates
the group of tones having the lowest latency in the first time period to a channel for the
VoIP service (the “priority one channel’). In step S2.3.3, the DLM engine 17
determines if the newly created priority one channel has enough bandwidth to satisfy
that service’s requirements. If not, the process loops back to step S2.3.2 and the DLM
engine 17 allocates the group of tones having the second lowest latency for the first
time period to the priority one channel. This process is repeated iteratively (by looping
back from step S2.3.3 to step $2.3.2) until the priority one channel has been allocated
enough groups of tones to meet the bandwidth requirements for the VolP service for
the first time period.

As in the first embodiment, the DLM engine 17 determines if the priority one channel
meets the error, latency and delay variation targets for the VolP service for the first
time period (step $S2.3.4). If it does, then the priority one channel is created and the
process moves to step $2.3.7. If the priority one channel does not meet one of the
targets, then a mitigation technique is used in step $S2.3.5 (e.g. the DLM engine 17
applies an error protection setting to the priority one channel) and determines if the
priority one channel still has enough bandwidth for the service (step S2.3.6).

Thus, the DLM engine 17 creates a channel for the VolP service for the first time
period. This is repeated for all remaining services in the first time period in the same
manner as the first embodiment (i.e. by increasing the value p by 1 in step $2.3.7,
determining if there are any further services in the list of expected services for the first
time period having that value of p in step S2.3.8, and if so, looping back to step
S2.3.1).

Once the DLM engine 17 has created channels for each service for the first time
period, the DLM engine 17 then repeats the process for the second time period. As
shown in Figure 4, this is achieved by the process initially having a time period value, ¢,
of 1 (which relates to the list of expected services for the first time period), and once
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channels have been created for all services in the first time period (such that the DLM
engine determines is step S2.3.8 that there are no further services having value p), the
DLM engine 17 increments the value for t by 1 (step S2.3.9) and determines if there
are any further lists of expected services having this time period value (step $2.3.10).
If so, the DLM engine resets the values for p and nto 1 and the steps S2.3.1 to S2.3.8
are repeated for all services of this time period (wherein the values for p and n now
relate to the priority and group number values relative to the second list of expected
services and the transmission characteristics during the second time period
respectively). Once the DLM engine 17 has created channels for each service for each
time period (i.e. the DLM engine 17 increases the value of t and determines that there
are no lists of expected services having this time period), then the process moves to
step S2.4.

As in the first embodiment, the DLM engine 17 sends configuration settings in the form
of a line profile to the DSL modems of the subscriber line 5 (step S2.4). These
configuration settings define the groups of tones to use for each service, and the time
periods to use these groups of tones. The first and second DSL modems may then
retrain to apply the new line profile (step $2.5) and build VLANs for each service for
each time period using the respective tone groups. Thereafter, the DSL modems
transmit data by determining the service type for the data, and transmitting the data via
the VLAN associated with that service and the current time period (using a traffic
mapping module in the DSL modems).

The skilled person will understand that the present invention may be applied to any
form of DSL network. More recent DSL technologies, such as G.fast, use much wider
frequency spectrums which can experience large fluctuations in the noise environment
across the range. The present invention is therefore particularly suitable for these
modern DSL networks having wider frequency spectrums, as creating channels with
transmission properties based on the requirements of a service is much more
preferable than using a single set of configuration settings for the line (which would
have a greater compensatory effect when the frequency range is larger and there is a

greater amount of variation in the noise environment across this range).

In the above embodiments, the DSL modem in the DSLAM in the distribution point 30
monitors the line and reports these measurements to the DLM engine 17 in the
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exchange 10, which then creates the channels and sends the respective configuration
settings to the DSL modems. The skilled person will understand that this particular
architecture is only one example of implementing the invention, such that it could be
put into practice in a single entity or other forms of distributed architectures. For
example, the DSL modem could also be configured to create the channel (such that the
invention could be practiced in a single entity), although it is more commonplace for
DLM functions to be carried out in the core network. Furthermore, the processing
modules used to carry out the invention could be one or more processing modules,

implemented in the same or separate entities in the network.

In the above embodiments, channels are created for services in order of their priority to
the user. This is preferable as the tones with the most suitable transmission
characteristics can be used for the highest priority service, ensuring the connection is
operating at its best for that service. However, the skilled person will understand that it
is non-essential to prioritise some services over others. Instead, the DLM engine 17
may allocate groups of tones to different services only of the monitored transmission
characteristics of the group of tones and the transmission requirements of each
service, without any regard to the importance of that service to the user. Furthermore,
once the channel has been created for a service, the DSL modems may only use that
channel exclusively for that service when the line is operating at or near maximum

capacity. At other times, the channel may be shared with data for other services.

The skilled person will also understand that the above method may be applied at any
time during operation of the subscriber line, and the channels may be updated over
time (e.g. by continually or periodically monitoring the line and reallocating tones to the
channels).

Furthermore, the skilled person will also understand that the modification of the
Impulse Noise Monitoring algorithm used in the above embodiments is not the only
form of error monitoring that may be used. That is, any error reporting algorithm that
may be configured to report errors on distinct groups of tones in the frequency
spectrum can be used. Furthermore, the skilled person will understand that there are a
number of ways that the latency and delay variation metrics could be reported on
distinct groups of tones. For example, Ethernet OAM or ITU Y.1731 could be used to
monitor individual VLANs (which cover a particular set of groups of tones) to determine
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its error rate, latency, delay variation etc. The skilled person will also understand that
error rate, latency and delay variation are only examples of transmission characteristics

that could be used to create a channel, and that others could be used.

In the above embodiments, a multiple VLAN architecture is used such that each data
for each service type can be directed to the respective VLAN which uses the groups of
tones allocated to that service. However, the skilled person will also understand the
use of multiple VLANs is also non-essential. For example, a single VLAN could be
used and each service is allocated an 802.1p marking (i.e. 0 to 7). The traffic mapping
module may then direct traffic for a service to its respective priority path according to its

marking.

Furthermore, the above embodiments use a list of expected services on the line to
define the transmission characteristics for each channel, which is then used to create
channels for each service which have transmission properties commensurate to the
requirements of those services. However, the skilled person will understand that the
invention also applies to creating channels having particular characteristics (such as a
low latency channel, low error-rate channel), and then allocating groups of tones to
those channels. Thereafter, data can be loaded onto these channels if it requires that

particular transmission characteristic.

The algorithm used in the above embodiments to allocate tones to the different
channels involves the DLM engine 17 ordering the tones by a transmission
characteristic that is deemed most important for a particular channel. However, the
skilled person will understand that this particular method is non-essential. For
example, the step of ordering the group of tones may be omitted, and any group of
tones which meets the transmission requirements for the channel may be allocated to
that channel. Furthermore, the skilled person will understand that any tone remaining
(i.e. those that have not been allocated to a channel) may be used for transmitting data
of any type.

In this specification, the term “tone” is used to define a particular frequency which a
DSL connection may use for transmitting data. The skilled person will understand that
the frequency range for a DSL connection is typically divided up into many carriers,
each having a particular bandwidth within this frequency range, and data in this carrier
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is transmitted at a particular frequency (known as the carrier's “tone”). However, the
skilled person will understand that, in the context of this invention, each “tone” may be
any transmit frequency within the frequency range of a DSL connection, and is not

limited to a whole carrier.

The skilled person will understand that any combination of features is possible within

the scope of the invention, as claimed.
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CLAIMS

1. A method for creating a channel for transmitting data on a Digital Subscriber
Line, DSL, connection, the method comprising the steps of:

defining a plurality of sets of tones, wherein each set of tones includes one or more
tones used by a DSL connection;

identifying a transmission characteristic of each set of tones in the plurality of sets of
tones; and

defining a first channel for transmitting data on the DSL connection, including allocating
a first set of tones of the plurality of sets of tones to the first channel based on the
identified transmission characteristic of the first set of tones and a transmission
requirement of the first channel.

2. A method as claimed in Claim 1, wherein the first channel is for transmitting
data of a first service on the DSL connection, and the step of defining the first channel
includes allocating the first set of tones of the plurality of sets of tones to the first
channel based on the identified transmission characteristic of the first set of tones and

a transmission requirement of the first service.

3. A method as claimed in Claim 2, further comprising the step of:

defining a second channel for transmitting data of a second service on the DSL
connection, including allocating a second set of tones of the plurality of sets of tones to
the second channel based on the identified transmission characteristic of the second

set of tones and a transmission requirement of the second service.

4. A method as claimed in Claim 3, wherein the first service is of a higher priority
than the second service, and the steps of defining the first and second channels for
transmitting data of the first and second services on the DSL connection includes
allocating the first set of tones of the plurality of sets of tones to the first channel and
then allocating the second set of tones of the plurality of sets of tones to the second

channel.

5. A method as claimed in any one of the preceding claims, wherein the first
channel is for transmitting data on the DSL connection over a first time period, wherein
the first set of tones of the plurality of sets of tones allocated to the first channel is
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based on the identified transmission characteristics of the first set of tones during the
first time period and a transmission requirement of the first channel during the first time
period.

6. A method as claimed in any one of the preceding claims, further comprising the
step of:

applying error protection to the first channel, wherein the form of error protection is
dependent on the transmission requirement of the first channel.

7. A method as claimed in any one of the preceding claims, further comprising the
steps of:

subsequently identifying a new transmission characteristic of each set of tones in the
plurality of sets of tones; and

updating the first channel by replacing the first set of tones of the plurality of sets of
tones to the first channel with a new set of tones of the plurality of sets of tones, based
on the transmission characteristic of the new set of tones and the transmission

requirement of the first channel.

8. A computer program containing computer-executable code which, when
executed on a computer, causes the computer to perform the steps of the method of
any one of Claims 1 to 7.

9. A device for creating a channel for transmitting data on a Digital Subscriber
Line, DSL, connection, the device comprising a processor adapted to:

identify a transmission characteristic of each of a plurality of sets of tones on the DSL
connection, wherein each set of tones includes one or more tones used by a DSL
connection; and to

define a first channel for transmitting data on the DSL connection by allocating a first
set of tones of the plurality of sets of tones to the first channel based on the
transmission characteristic of the first set of tones and a transmission requirement of

the first channel.

10. A device as claimed in Claim 9, wherein the first channel is for transmitting data
of a first service on the DSL connection, and the processor is adapted to define the first
channel by allocating the first set of tones of the plurality of sets of tones to the first
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channel based on the transmission characteristic of the first set of tones and a

transmission requirement of the first service.

11. A device as claimed in Claim 10, wherein the processor is further configured to:
define a second channel for transmitting data of a second service on the DSL
connection, including allocating a second set of tones of the plurality of sets of tones to
the second channel based on the identified transmission characteristic of the second

set of tones and a transmission requirement of the second service.

12. A device as claimed in either Claim 10 or Claim 11, wherein the first service is
of a higher priority than the second service, and the processor is adapted to define the
first and second channels for transmitting data of the first and second services on the
DSL connection by allocating the first set of tones of the plurality of sets of tones to the
first channel and then allocating the second set of tones of the plurality of sets of tones
to the second channel.

13. A device as claimed in any one of Claims 9 to 12, wherein the first channel is
for transmitting data on the DSL connection over a first time period, and the processor
is adapted to define the first channel by allocating the first set of tones to the first
channel based on the transmission characteristic of the first set of tones during the first
time period and a transmission requirement of the first channel during the first time
period.

14. A device as claimed in any one of Claims 9 to 13, wherein the processor is
further adapted to:

apply error protection to the first channel, wherein the form of error protection is
dependent on the transmission requirement for the first channel.

15. A device as claimed in any one of Claims 9 to 14, wherein the processor is
further adapted to:

subsequently identify a new transmission characteristic of each set of tones in the
plurality of sets of tones; and

update the first channel by replacing the first set of tones of the plurality of sets of tones
to the first channel with a new set of tones of the plurality of sets of tones, based on the
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transmission characteristic of the new set of tones and the transmission requirement

for the first channel.

16. A device as claimed in any one of Claims 9 to 15, further comprising:
a monitoring module adapted to monitor the transmission characteristics of the plurality
of sets of tones on the DSL connection, wherein the processor receives the

transmission characteristics of the plurality of sets of tones from the monitoring module.
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