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(57) ABSTRACT 

In the present invention, a plurality of carriers in a multi­
carrier DMT communication system is grouped into one or 
multiple carrier groups according to at least one carriergroup 
parameter. A carriergroup parameter defines a parameter 
relating to each carrier group rather than to individual 
carriers, and is used for receiving and transmitting messages 
or data using the carrier group or groups. In one embodiment 
of the present invention, multiple carrier groups of fixed-size 
are determined and the worst case signal-to-noise ratio for 
each carrier group is used for the carriergroup parameter for 
that specified carrier group. In another embodiment of the 
present invention, multiple carrier groups of variable-size 
are determined based on a carriergroup parameter such as a 
carriergroup bitloading parameter. The carriergroup bitload­
ing parameter and the worst case carriergroup SNR param­
eter for each carrier group are used to define each carrier 
group for transmitting and receiving messages or data. 
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CARRIER GROUPING IN MULTI-CARRIER 
SYSTEMS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a com­
munication system, and more specifically, to a system and 
method for grouping carriers in multi-carrier systems. 

BACKGROUND OF THE INVENTION 

[0002] Broadband communication networks are used in a 
variety of high speed application services such as internet 
access, video conferencing, video on demand, and interac­
tive TV. Although fiber optic cable is the preferred trans­
mission media for such high data rate services, the lack of 
fiber optic cables in existing networks and the prohibitive 
costs of installing such optical networks have led telephone 
companies around the world to include existing twisted-pair 
loops in their next generation broadband access networks. 
Because current telephone wiring connections were not 
designed to support high speed data communications, tech­
nologies were developed to increase the transmission capa­
bilities of existing telephone wiring. One technology for 
providing such high data rate services on existing twisted­
pair connections is Asymmetrical Digital Subscriber Line 
(ADSL). ADSL transfers data over the higher frequencies in 
the twisted-pair copper wires that currently connect most 
homes and businesses. ADSL accomplishes this by increas­
ing the transmission capabilities of the current telephone 
wiring connections. Another technology for providing high 
data rate services is Very high rate Digital Subscriber Line 
(VDSL). VDSL transmits high speed data over short reaches 
of twisted-pair copper telephone lines, with a range of 
speeds depending upon actual line length. Thus, both ADSL 
and VDSL technology enable data to be exchanged over the 
twisted-pair copper wires at much higher speeds than con­
ventional modems and analogue lines. 

[0003] To increase bandwidth capacity on existing twisted 
pair connections, ADSL and VDSL systems have adopted 
discrete multi-tone (DM1) modulation. DMT is a multiple 
carrier technique that divides the available bandwidth of a 
communications channel into a number of sub-channels, 
also referred to as carriers or bins. By working with a large 
number of carriers rather than a single carrier, the available 
channel capacity is maximized thereby optimizing perfor­
mance of the transmission. Once a connection between two 
modems has been established, the modems continue to 
monitor the changing signal-to-noise ratios on the line and 
swap bits from one carrier to another to maintain system 
performance. 

[0004] Current DMT modulation modems have several 
disadvantages. Traditionally, in DMT related modems, up to 
4096 carriers may be used to transport bits. Different param­
eters relating to each individual carrier are stored and used 
for modem operations. Examples of the various parameters 
needed for modem operation include the gain, the number of 
bits that can be loaded onto each carrier (i.e. bit loading), and 
the signal-to-noise ratio ("SNR") of each carrier. One dis­
advantage of current DMT modulation systems is the con­
sumption of large amounts of memory space required to 
store all these parameters for each individual carrier. Con­
sequently, as the number of carriers increases, so does the 
amount of memory space required to store the parameters 
relating to each individual carrier. 
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[0005] Another disadvantage with current DMT systems 
is the amount of processing time required during the initial­
ization phase of the modems. DMT modulation requires that 
the far-end transmitting modem be informed of the trans­
mission channel response, such as bit loading and gain 
information for each carrier. Thus, the initialization time of 
current DMT systems with multiple carriers is long due to 
the significant amounts of memory required for storing all 
the parameters for each individual carrier and to the size and 
number of message transmissions between modems during 
the initialization phase. 

[0006] Further limitations and disadvantages of conven­
tional and traditional approaches will become apparent to 
one of skill in the art, through comparison of such systems 
with the present invention as set forth in the remainder of the 
present application with reference to the drawings. 

[0007] It is an object of the present invention to solve the 
aforementioned problems by providing a system and method 
for grouping carriers in multi-carrier systems. 

SUMMARY OF THE INVENTION 

[0008] According to the present invention, these objects 
are achieved by a system and method as defined in the 
claims. The dependent claims define advantageous and 
preferred embodiments of the present invention. 

[0009] A system for grouping a plurality of carriers in a 
DMT communication system in accordance with the present 
invention comprises a carriergrouping means for determin­
ing multiple carrier groups for the plurality of carriers in a 
transmission channel and for determining at least one car­
riergroup parameter for each of the multiple carrier groups; 
and a carriergroup transmitting means for transmitting mes­
sages comprising the at least one carriergroup parameter to 
a far-end modem via the transmission channel, to enable the 
far-end modem to send and receive messages using the 
multiple carrier groups. 

[0010] In accordance with the present invention, a carri­
ergroup parameter defines a parameter relating to the carrier 
group rather than to each individual carrier in the carrier 
group, and is used for transmitting messages to the far-end 
modem during the initialization phase of the modems. In one 
embodiment of the present invention, the carriergroup 
parameter is the worst case signal-to-noise ratio ("SNR") for 
the specified carrier group. In another embodiment, the 
carriergroup parameter is a "carriergroup bitloading param­
eter" for the specified carrier group. In one embodiment of 
the present invention, the size of each multiple carrier 
groups has a fixed size. In another embodiment, the size of 
each carrier group is variable and is determined dynamically 
based on a chosen individual parameter or a carriergroup 
parameter. 

[0011] In another embodiment, a system in accordance 
with the present invention comprises a carriergroup trans­
mitting means coupled to a transmission channel; a carrier­
group receiving means coupled to the transmission channel 
for receiving parameters relating to a plurality of carriers in 
the transmission channel; and a carriergrouping means, 
coupled to the carriergroup transmitting means and to the 
carriergroup receiving means, for determining at least one 
carriergroup parameter and at least one carrier group for the 
plurality of carriers in the transmission channel based on the 
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parameters received by the carriergroup receiving means; 
wherein the carriergroup transmitter means transmits data to 
the transmission channel comprising the at least one carri­
ergroup parameter and the at least one carrier group. 

[0012] A method for grouping a plurality of carriers in a 
DMT communication system in accordance with the present 
invention determines one or more carrier groups for the 
plurality of carriers in the DMT multi-carrier channel and 
determines at least one carriergroup parameter for each 
carrier group. In accordance with the present invention, a 
carriergroup parameter defines a parameter relating to the 
carrier group rather than to each individual carrier in the 
carrier group, and is used for transmitting messages to the 
far-end modem during the initialization phase of the 
modems. 

[0013] In a preferred embodiment of the present invention, 
multiple carrier groups are determined which may be of 
either fixed or variable size. In a further embodiment, the 
carriergroup parameter defining each carrier group is the 
worst case signal-to-noise ratio for each carrier group. In 
another embodiment of the invention, the carriergroup 
parameter is a carriergroup bitloading parameter for the 
carrier group. 

[0014] The system and method of the present invention 
advantageously group a plurality of carriers in a multi­
carrier transmission channel into one or more carrier groups 
and define at least one carriergroup parameter relating to 
each carreri group. Thus, the present invention provides 
significant cost and time savings during the initialization 
phase since it is no longer necessary to transmit messages 
comprising the individual parameters for each individual 
carrier. This compression via carrier grouping in accordance 
with the present invention reduces the amount of memory 
required for storing carrier parameters and reduces the 
processing time required during the initialization phase of 
the modems. One skilled in the art will realize that the 
present invention is not limited to the specific carrier group­
ings or carrier group parameters listed here but will 
acknowledge that several other possibilities to achieve a 
desired carrier grouping and to define an appropriate carri­
ergroup parameter can be conceived. 

[0015] These and other advantages, aspects and novel 
features of the present invention, as well as details of an 
illustrated embodiment thereof, will be more fully under­
stood from the following description and drawings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0016] The accompanying drawings, which are incorpo­
rated herein and form a part of the specification, illustrate the 
present invention and, together with the description, further 
serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the 
invention. 

[0017] FIG. 1 illustrates a block diagram of a DMT 
communication system with two communication terminals 
in accordance with one embodiment of the present inven­
tion. 

[0018] FIG. 2 illustrates a high level block diagram of a 
modem in accordance with one embodiment of the present 
invention. 
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[0019] FIG. 3 is a flow chart illustrating one method for 
determining fixed-size carrier groups in accordance with one 
embodiment of the present invention. 

[0020] FIG. 4 is a flow chart illustrating one method for 
determining variable-sized carrier groups in accordance 
with another embodiment of the present invention. 

[0021] FIG. 5 is a graph illustrating fixed-sized carrier 
grouping in accordance with one embodiment of the present 
invention. 

[0022] FIG. 6 is a graph illustrating variable-sized carrier 
grouping in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] FIG. 1 illustrates a schematic block diagram of a 
DMT communication system 100 with a first terminal 110 
and a second terminal 120, both terminals 110, 120 being 
coupled together by means of a transmission line 102. The 
first terminal 110 and the second terminal 120 each comprise 
a system controller 112 and 122, respectively. Additionally, 
the first terminal 110 and the second terminal 120 each 
comprise a modem 114 and 124. The communication system 
100 is capable of implementing the present invention. In 
operation, a first terminal such as 110 transmits data across 
the transmission media 102 to a second terminal 120. The 
data is received at the second terminal 120 by the modem 
124 which provides the received data to the system control­
ler 122. In a similar fashion, data can be transmitted from the 
second terminal 120, across the transmission media 102, to 
the first terminal 110 where it is received by the first terminal 
modem 114, which then provides the data to the system 
controller 112. 

[0024] FIG. 2 illustrates a high level block diagram of a 
modem 114 or 124 in accordance with one embodiment of 
the present invention. The modem 114 comprises a carrier­
grouping receiving means 204, a carriergrouping transmit­
ting means 206, a receiving carreriergroup parameter storing 
means 210, a transmitting carriergroup parameter storing 
means 212, and a carriergrouping means 208. The carrier­
grouping receiving means 204 is coupled to the transmission 
line 102 and is adapted for receiving messages or data 
transmitted over the transmission line 102. The carriergroup­
ing transmitting means 206 is also coupled to the transmis­
sion line 102 for transmitting messages or data over the 
transmission line 102. The carriergrouping means 208 
enables the modem 114 or 124 to group carriers in a 
multi-carrier system and to define parameters relating to 
carrier groups rather than individual carriers. Carriergroup 
parameters for carriers received from line 102 may be stored 
in the receiving carriergroup parameter means 210. Simi­
larly, carriergroup parameters for carriers transmitted to line 
102 may be stored in the transmitting carriergroup parameter 
storing means 212. One skilled in the art will realize that the 
present invention is not limited to the specific components or 
configuration illustrated here, but that the present invention 
may be implemented in a variety of ways in either hardware 
or software to achieve the results described below in more 
detail. For example, the receiving carreriergroup parameter 
storing means 210 and the transmitting carriergroup param­
eter storing means 212 may be part of the carriergroup 
receiving means 204 and part of the carriergroup transmit­
ting means 206, respectively. 
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[0025] In one embodiment of the present invention, during 
the initialization phase for communication between 
modems, the carriergrouping receiving means 204 receives 
or determines at least one individual parameter data for each 
individual carrier of the plurality of carriers from the multi­
carrier transmission line or channel 102. For example, the 
carriergrouping receiving means 204 may receive a random 
signal transmitted on the channel and determine the signal­
to-noise ratio data (hereinafter referred to as "SNR") for 
each individual carrier in the plurality of carriers from the 
random signal transmitted on the multi-carrier transmission 
channel 102. The individual parameter data for each indi­
vidual carrier is then transmitted to the carriergrouping 
means 208. The carriergrouping means 208 analyzes the 
individual parameter data for each individual carrier and 
then determines at least one grouping for the plurality of 
carriers in the multi-carrier channel based on the individual 
parameter data received. In a preferred embodiment, the 
carriergrouping means 208 determines multiple groupings 
for the plurality of carriers in the transmission channel. The 
carriergrouping means 208 then defines or assigns at least 
one carriergroup parameter to the grouping or groupings. In 
a preferred embodiment, the carriergrouping means 208 
determines multiple carriergroup parameters relating to each 
carrier group. A carriergroup parameter may define one or 
more parameters relating to the carrier group. Thus, the 
carriergroup parameter defines a parameter relating to the 
carrier group rather than to the individual carriers. A mes­
sage containing the carriergroup parameters could then be 
sent to the far end system to enable the far end system to 
configure its system according to these carrier groups and 
carriergroup parameters and thus, enable the far end system 
to transmit messages or data using the carrier groupings and 
the carriergrouping parameters. 

[0026] For example, in one embodiment of the present 
invention in which a near end carrier grouping system 
modem 114 is in communication with a far end carrier 
grouping system modem 124, the carriergrouping means 
208 of the near end system may analyze the SNR data for 
each individual carrier in the multi-carrier channel 102. The 
carriergrouping means 208 may then determine the worst 
case SNR for the plurality of carriers, define the plurality of 
carriers as one carrier grouping, and use this worst case SNR 
to define a carriergroup parameter for the one carrier group­
ing. This carriergroup parameter could then be stored in the 
receiving carriergroup parameter storing means 210 of the 
near end system and be used for all messages received using 
the one carrier grouping. A message containing this carri­
ergrouping parameter could then be sent to the far end 
carrier grouping system modem 124 and stored in the 
transmitting carriergrouping parameter storing means 212 so 
that the far end grouping system may configure its system 
according to this carriergroup parameter and transmit mes­
sages_ using the carriergrouping parameter. The carriergroup 
transmitting means 206 of the far end grouping system 
modem 124 would then be adapted for transmitting data via 
channel 102 using this carrier group and carriergroup param­
eter. Similarly, the carriergroup receiving means 204 of the 
near end carrier grouping system modem 114 is adapted for 
receiving transmissions using this carrier group and carri­
ergrouping parameter. 

[0027] In a preferred embodiment of the present invention, 
the carriergrouping means 208 of a near end carrier grouping 
system may determine multiple carrier groups. These carrier 
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groups may have either a fixed size, such as 4 tones or 8 
tones, or their size may be determined dynamically in order 
not to loose a specified amount of bit rate. The carriergroup­
ing means 208 may then determine a "carriergroup SNR 
parameter" based on the worst case SNR of each carrier 
group and use this worst case SNR to define a carriergroup 
parameter for each carrier group. Additionally, the carrier­
grouping means 208 may also determine a "carriergroup 
bitloading parameter" and a "carriergroup gain parameter" 
for each carrier group based on the worst case SNR for the 
carrier group. These carriergroup parameters: the carrier­
group SNR parameter, the carriergroup bitloading param­
eter, and the carriergroup gain parameter, could then define 
the carrier group and be stored in the receiving carriergroup­
ing parameter storing means 210. A message containing 
these carriergroup parameters could then be sent to the far 
end carrier grouping system to enable the far end carrier 
grouping system to configure its system to transmit mes­
sages according to these carrier groups and carriergroup 
parameters. The carriergroup transmitting means 206 of the 
far end system is then adapted for transmitting data via 
channel 102 using these carriergroup parameters. Similarly, 
the carriergroup receiving means 204 of the near end system 
is adapted to receive transmissions from the far end system 
using these carriergroup parameters. Thus, after the near end 
system and far end system have been set up according to this 
carrier grouping information, subsequent messages trans­
mitted using the multiple groups of carriers need only 
describe each carrier group using the carriergroup parameter 
or parameters. Because it is no longer necessary to transmit 
the individual parameters, such as bit loading and gain, for 
each individual carrier, the present invention provides sig­
nificant cost and time savings by reducing the amount of 
memory required for storing carrier parameters and reducing 
the processing time required to receive and transmit mes­
sages. 

[0028] FIG. 3 is a flow chart illustrating one method of 
grouping carriers in a multi-carrier system in accordance 
with one embodiment of the present invention. In this 
method, multiple carrier groups of fixed-size are determined 
for the plurality of carriers in the transmission channel. 
Either one or multiple carriergroup parameters are then 
determined and used to define each carrier group. While the 
specific embodiment in FIG. 3 addresses a specific DMT 
implementation, one skilled in the art will realize that the 
present invention may be applied to any DMT implemen­
tation. 

[0029] At step 310, a training phase is performed. During 
the training phase 310, the DMT modem negotiates with the 
far end modem about parameters to be used, determining the 
channel transfer function, sample and symbol alignment, 
and channel equalization. 

[0030] After the training phase 310 is completed, a chan­
nel analysis is performed 320. In one embodiment of the 
present invention, the channel analysis step 320 determines 
an SNR for each individual carrier in the channel. This may 
be done by determining the SNR on a random signal 
transmitted by the far end modem. The channel analysis step 
320 may be performed as part of the initialization process. 

[0031] At step 330, the plurality of carriers in the channel 
is grouped into multiple carrier groups of fixed size. For 
example, the plurality of carriers may be grouped into 
multiple groups of 4 tones or 8 tones. 
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[0032] At step 340, the worst case SNR for each fixed size 
carrier group is determined and used to define a "carrier­
group SNR parameter" for that specific carrier group. 

[0033] Once the worst case SNR for each carrier group is 
determined, the bit loading and gain can be determined for 
each carrier group at step 350, based on that group's worst 
case SNR. Thus, a "carriergroup bitloading parameter" and 
a "carriergroup gain parameter" can be determined for each 
carrier group based on that group's carriergroup SNR 
parameter and is used to define the carrier group. One skilled 
in the art will acknowledge that many methods are available 
for determining the bit loading and gain for a given carrier 
group based on the worst case SNR for the carrier group, 
such as the use of an SNR reference table, and that the 
present invention is not limited to any specific method for 
determining bit loading and gain. 

[0034] At step 360, the carriergroup parameters are used to 
set up the tone-decoder in the near end modem and the 
tone-encoder in the far end modem. In one embodiment, the 
carriergroup parameters are transmitted to the far end 
modem to enable the far end modem to appropriately 
configure its tone-encoder for transmitting messages using 
the carrier groups and the carriergroup parameters. In 
another embodiment, the carriergroup parameters are used 
to configure the tone-decoder of the receiving modem for 
receiving messages using the carrier groups and the carri­
ergroup parameters. Thus, messages transmitted using the 
group of carriers need only describe the carrier group using 
the carriergroup parameter. Because it is no longer necessary 
to transmit the individual parameters, such as bit loading and 
gain, for each carrier, the present invention provides signifi­
cant cost and time savings. Thus, compression via carrier 
grouping in accordance with the present invention reduces 
the amount of memory required for storing carrier param­
eters and reduces the time processing time required to 
receive and transmit messages. 

[0035] FIG. 4 is a flow chart illustrating one method for 
grouping carriers in a multi-carrier system in accordance 
with another embodiment of the present invention. In this 
method, multiple carrier groups of variable size are deter­
mined for the plurality of carriers in the transmission chan­
nel. Either one or multiple carriergroup parameters are 
determined and used to define each carrier group. While the 
specific embodiment in FIG. 4 addresses a specific DMT 
implementation, one skilled in the art will realize that the 
present invention may be applied to any DMT implemen­
tation. 

[0036] At step 410, a training phase is performed. During 
the training phase 410, the DMT modem negotiates with the 
far end modem about parameters to be used, determining the 
channel transfer function, sample and symbol alignment, 
and channel equalization. 

[0037] After the training phase 410 is completed, a chan­
nel analysis is performed 420. In one embodiment of the 
present invention, the channel analysis step 420 determines 
an SNR for each individual carrier in the channel. This may 
be done by determining the SNR on a random signal 
transmitted by the far end modem. The channel analysis step 
420 may be performed as part of the initialization process. 

[0038] At step 430, a bit loading and gain value for each 
carrier is determined based on the SNR determined in step 
420. 
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[0039] At step 440, the plurality of carriers in the channel 
is grouped into multiple carrier groups according to the bit 
loading value. For example, one carrier group may contain 
carriers having a bit loading value of 15, a different carrier 
group may contain carriers having a bit loading value of 14, 
another group may contain carriers having a bit loading 
value of 13, and yet another carrier group may contain 
carriers having a bit loading value of 12. The bit loading 
value for each carrier group would then be the "carriergroup 
bitloading parameter" for that specific carrier group. The 
gain associated with each carrier group would be the "car­
riergroup gain parameter" for the specific carrier group. 
Because the carrier groups are defined according to bit 
loading value, the carrier groups would vary in size. 

[0040] At step 450, the worst case SNR for each variable­
sized carrier group is used to define a "carriergroup SNR 
parameter" for that specific carrier group. 

[0041] At step 460, the carriergroup parameters are used to 
set up the tone-decoder in the near end modem and the 
tone-encoder in the far end modem. In one embodiment, the 
carriergroup parameters are transmitted to the far end 
modem to enable the far end modem to appropriately 
configure its tone-encoder for transmitting messages using 
the carrier groups and the carriergroup parameters. In 
another embodiment, the carriergroup parameters are used 
to configure the tone-decoder of the receiving modem for 
receiving messages using the carrier groups and the carri­
ergroup parameters. Thus, messages transmitted using the 
group of carriers need only describe the carrier group using 
the carriergroup parameter. Because it is no longer necessary 
to transmit the individual parameters, such as bit loading and 
gain, for each carrier, the present invention provides signifi­
cant cost and time savings. Thus, compression via carrier 
grouping in accordance with the present invention reduces 
the amount of memory required for storing carrier param­
eters and reduces the time processing time required to 
receive and transmit messages. 

[0042] FIG. 5 is a graph illustrating "fixed-sized" carrier 
grouping in accordance with one embodiment of the present 
invention. In FIG. 5, the x-axis shows the number of carriers 
per carrier group and the y-axis shows the SNR of the 
individual carriers and the SNR of each carrier group. As 
illustrated in FIG. 5, carrier groups may have a fixed size 
such as 4 tones per carrier group. For each carrier group, the 
worst case SNR is used to define a carriergroup SNR 
parameter which defines the carrier group. For example, the 
carrier group containing carriers 4 through 8 has one carri­
ergroup SNR parameter relating to the worst case SNR for 
those 4 carriers. Similarly, the carrier group containing 
carriers 8 through 12 has a different carriergroup SNR 
parameter relating to the worst case SNR for carriers 8 
through 12. The carrier group containing carriers 12 through 
16 has yet a different carriergroup SNR parameter relating to 
the worst case SNR for carriers 12 through 16. One skilled 
in the art will realize that this is just one example of how 
multiple carriers may be grouped in fixed-size carrier group­
ings and will acknowledge that other fixed-size groupings 
are achievable in accordance with the present invention. 

[0043] FIG. 6 is a graph illustrating "variable-sized" car­
rier grouping in accordance with one embodiment of the 
present invention. In FIG. 6, 4 different carrier groups are 
defined: group 1, group 2, group 3, and group 4. Each carrier 
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group has a different number of carriers in the group with 
group 1 having the largest number of carriers and group 4 
have the smallest number of carriers in its group. FIG. 6 also 
illustrates the SNR for each of the individual carriers as a 
continuous curve. The worst case SNR for each group is 
determined and used to calculate the worst case bit loading 
and the worst case carrier gain for each group. Thus, each 
carrier group has a carriergroup SNR parameter based on the 
worst case SNR for the carriers in the group, a carriergroup 
bitloading parameter and a carriergroup gain parameter 
based on the worst case carriergroup SNR parameter for that 
particular group. These carriergroup parameters define 
parameters relating to the carrier group. In other words, 
rather than using the individual parameters of each carrier in 
each group, the carriergroup parameters may be used for the 
entire group of carriers. For example, for group 1, the worst 
case SNR carriergroup parameter is used to calculate a 
carriergroup bitloading parameter of 15 and a carriergroup 
gain parameter of -2.5 dB. In group 2, the worst case SNR 
carriergroup parameter is used to calculate a carriergroup 
bitloading of 14 and a carriergroup gain parameter of -1 dB. 
One skilled in the art will realize that this is just one example 
of how multiple carriers may be grouped in variable-sized 
carrier groupings and will acknowledge that other variable­
sized groupings are achievable in accordance with the 
present invention. 

[0044] While the invention has been described with ref­
erence to certain embodiments, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted without departing from the 
scope of the invention. In addition, many modifications may 
be made to adapt a particular situation or material to the 
teachings of the invention without departing from its scope. 
Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed, but that the invention 
will include all embodiments falling within the scope of the 
appended claims. 

What is claimed is: 
1. A modem comprising: 

a carriergroup transmitting means coupled to a transmis­
sion channel; 

a carriergroup receiving means coupled to the transmis­
sion channel for receiving parameters relating to a 
plurality of carriers in the transmission channel; and 

a carriergrouping means, coupled to the carriergroup 
transmitting means and to the carriergroup receiving 
means, for determining at least one carriergroup param­
eter and at least one carrier group for the plurality of 
earners m the transmission channel based on the 
parameters received by the carriergroup receiving 
means; 

wherein the carriergroup transmitter means transmits at 
least one message to the transmission channel compris­
ing the at least one carriergroup parameter and the at 
least one carrier group. 

2. The modem of claim 1 wherein the at least one 
carriergroup parameter transmitted by the carriergroup 
transmitting means is a carriergroup SNR parameter for the 
plurality of carriers. 
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3. The modem of claim 1 wherein the at least one 
carriergroup parameter is the worst case SNR for the at least 
one carriergroup. 

4. The modem of claim 1 wherein the carriergroup param­
eter is a carriergroup bitloading parameter. 

5. The modem of claim 1 wherein the size of the at least 
one carriergroup is fixed. 

6. The modem of claim 1 wherein the size of the at least 
one carriergroup is variable. 

7. The modem of claim 1 wherein at least one message to 
the transmission channel comprising the at least one carri­
ergroup parameter and the at least one carrier group is used 
to set up a tone encoder in a far-end modem coupled to the 
transmission channel. 

8. A method for grouping a plurality of carriers in a DMT 
communication system, the method comprising the steps of: 

determining at least one carrier group for the plurality of 
carriers; 

determining at least one carriergroup parameter for the at 
least one carrier group; and 

sending at least one message comprising the at least one 
carriergroup parameter. 

9. The method of claim 8 wherein the step of determining 
a carriergroup parameter for the carriergroup further com­
prises the step of 

determining a carriergroup signal-to-noise ratio for the at 
least one carrier group. 

10. The method of clam 8 wherein the carriergroup 
signal-to-noise raito for the at least one carrier group is the 
worst case signal-to-noise ratio for the at least one carrier 
group. 

11. The method of claim 8 wherein the step of determining 
a carriergroup parameter for the carriergroup further com­
prises the step of determining at least one carriergroup 
bitloading for the at least one carriergroup. 

12. The method of claim 8 wherein the at least one 
carriergroup has a fixed size. 

13. The method of claim 8 wherein the size of the at least 
one carriergroup of the plurality of carriers is variable and 
determined dynamically. 

14. The method of claim 8 wherein at least one message 
comprising the at least one carriergroup parameter is used to 
set up a tone encoder in a far end modem. 

15. A method for grouping a plurality of carriers in a DMT 
communication system, the DMT communication system 
comprising a near end and a far end modem, the method 
comprising the steps of: 

determining at least one carriergroup from the plurality of 
carriers; 

determining a carriergroup signal-to-noise ratio for the at 
least one carriergroup; 

determining a carriergroup bitloading and a carriergroup 
gain for the at least one carriergroup based on the 
carriergroup signal-to-noise ratio; and 

using the carriergroup bitloading and the carriergroup 
gain for the at least one carriergroup for transmitting 
messages from the near end modem to the far end 
modem. 
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16. The method of claim 15 wherein the carriergroup 
signal to noise ratio for the at least one carriergroup is the 
worst case signal to noise ratio for the plurality of carriers. 

17. The method of claim 15 wherein the at least one 
carriergroup has a fixed size. 

18. The method of claim 15 wherein the at least one 
carriergroup is determined dynamically. 

19. The method of claim 15 wherein the communication 
system is a VDSL system. 

20. A modem for grouping a plurality of carriers in a DMT 
communication system coupled to a far-end modem via a 
transmission channel, the modem comprising: 

carriergrouping means for determining multiple carrier 
groups for the plurality of carriers and for determining 
at least one carriergroup parameter for each of the 
multiple carrier groups; and 

carriergroup transmittmg means for transmitting mes­
sages comprising the at least one carriergroup param­
eter to the far-end modem via the transmission channel, 

6 
May 26, 2005 

to enable the far-end modem to send and receive 
messages using the multiple carrier groups. 

21. The modem of claim 20 wherein the at least one 
parameter received by the receiving means is a signal to 
noise ratio. 

22. The modem of claim 20 wherein the carriergroup 
parameter for each of the multiple carrier groups is the worst 
case signal-to-noise ratio for the specified carrier group. 

23. The modem of claim 20 wherein the carriergroup 
parameter is a carriergroup bitloading parameter. 

24. The modem of claim 20 wherein the size of the 
multiple carrier groups is fixed. 

25. The modem of claim 20 wherein the size of the 
multiple carrier groups vary. 

26. The modem of claim 20 wherein the messages com­
prising the at least one carriergroup parameter is used to set 
up a tone encoder in the far-end modem coupled to the 
transmission channel. 

* * * * * 
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