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(57) 
A discrete multitone transceiver (DMT) includes a deinter 
leaver operable to de-interleave a plurality of bits. The DMT 
further includes: a forward error correction decoder operable 
to decode the plurality of bits, a module operable to deter 
mine, during Showtime, an impulse noise protection value, 
wherein the impulse protection value specifies a number cor 
rupted DMT symbols that can be corrected by the forward 
error correction decoder in combination with the deinter 
leaver, and a receiver coupled to the deinterleaver. The 
receiver receives using a first interleaver parameter value, 
receives a flag signal, and changes to receiving using a second 
interleaver parameter value that is different than the first 
interleaver parameter value, wherein the second interleaver 
parameter value is used for reception on a pre-defined for 
ward error correction codeword boundary following recep 
tion of the flag signal. 
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IMPULSE NOISE MANAGEMENT 

RELATED APPLICATION DATA 

0001. This application is a Continuation of U.S. applica 
tion Ser. No. 14/075,077, filed Nov. 8, 2013, now U.S. Pat. 
No. 8,743.932, which is a Continuation of U.S. application 
Ser. No. 13/914,852, filed Jun. 11, 2013, now U.S. Pat. No. 
8,594,162, which is a Continuation of U.S. application Ser. 
No. 12/769,193 filed Apr. 28, 2010, now U.S. Pat. No. 8,462, 
835, which is a Continuation of U.S. application Ser. No. 
10/597,482, filed Jul. 27, 2006, which is a national stage 
application under 35 U.S.C. 371 of PCT Application No. 
PCT/US2005/006842, filed Mar. 3, 2005, which claims the 
benefit of and priority under 35 U.S.C. S 119(e) to U.S. Pro 
visional Application No. 60/549,804, entitled “On-Line 
Impulse Noise Protection (INP) Adaptation, filed Mar. 3, 
2004, and U.S. Provisional Application No. 60/555,982, 
entitled “Impulse Noise Protection (INP) Training.” filed 
Mar. 24, 2004, each of which are incorporated herein by 
reference in their entirety. 

BACKGROUND 

0002 1. Field of the Invention 
0003. This invention generally relates to communication 
systems. In particular, an exemplary aspect of this invention 
relates to impulse noise protection adaptation. Another exem 
plary aspect of this invention relates to impulse noise length 
and period determination and use thereof for impulse noise 
protection adaptation. 
0004) 1. Description of Related Art 
0005 Communications systems often operate in environ 
ments that produce impulse noise. Impulse noise is a short 
term burst of noise that is higher than the normal noise that 
typically exists in a communication channel. For example, 
DSL systems operate on telephone lines and experience 
impulse noise from many external sources including tele 
phones, AM radio, HAM radio, other DSL services on the 
same line or in the same bundle, other equipment in the home, 
etc. It is standard practice for communications systems to use 
interleaving in combination with Forward Error Correction 
(FEC) to correct the errors caused by impulse noise. Standard 
initialization procedures in ADSL and VDSL systems are 
designed to optimize performance (data rate/reach) in the 
presence “stationary crosstalk or noise. Impulse noise pro 
tection is handled with interleaving and FEC, but the current 
xDSL procedure at least does not provide specific states to 
enable training for the selection of the appropriate interleav 
ing and FEC parameters. 
0006 An exemplary problem associated with traditional 
communication systems is that they use traditional Signal to 
Noise Ratio (SNR) measurement techniques to determine the 
SNR of the channel. These traditional techniques assume that 
the noise is stationary and does not contain non-stationary 
components such as impulse noise. The most common 
method for measuring the SNR is to calculate the mean 
square error of the received signal based on a known trans 
mitted signal, which is described in the ADSL series of ITU 
G.992.x standards and the VDSL Series of ITU G.993.x stan 
dards, which are incorporated herein by reference in their 
entirety. These traditional methods for measuring SNR do not 
correctly measure the impact of impulse noise and do not 
have the noise capability to determine how the system should 
be configured to handle impulse noise. 
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0007. There has been proposed that there is a need in 
ADSL and VDSL systems to provide robust error-free per 
formance in the presence of high, real-world impulse noise. A 
specific proposal recommends that the standard impulse 
noise protection (INP) values are extended to values of 4, 8, 
16 and 32 in order to handle high levels of impulse noise. 
Impulse noise protection is defined in the ADSL2 Standard 
G.992.3, which is incorporated herein by reference in its 
entirety, as the number of impulse noise corrupted DMT 
symbols that can be corrected by the FEC and interleaving 
configuration. Specifically, G.992.3 defines the following 
variables: 

Line Rate (in kbps)=L*4 

where N is the codeword size in bytes, R is the number of 
parity (or redundancy) bytes in a codeword, D is the inter 
leaver depth in number of codewords, and L is the number of 
bits in a DMT symbol. 
0008 If K is the number of information bytes in a code 
word then: 

N=K-R 

and the user data rate is approximately equal to: 
L*4:K/N. 

0009. In general, DSL systems (such as the one defined in 
ADSLG.992.x or VDSL G.993.x) use the FEC and Interleav 
ing Parameters (FIP) characterized by the set of parameters 
(N, K, R, D). Using these parameters, the Burst Error Cor 
rection Capability (BECC) in bytes can be simply calculated 
aS 

where BECC is defined as the number of consecutive byte 
errors that can be corrected by the receiver. Note that if the 
receiver uses more intelligent decoding schemes, such as 
erasure detection, it is possible to correct even more than 
D*R/2 bytes. It also follows from above that INP=BECC/L. 
0010. The proposal further recommends that the higher 
INP values are achieved by increasing the amount of FEC 
redundancy while keeping the same system latency and the 
same interleaver memory at the expense of user data rate or 
excess margin. Since, on phone lines without excess margin, 
there is clearly a trade-off between high impulse noise pro 
tection values and user data rate, it would be advantageous to 
try to maximize the user data rate by finding the minimum 
impulse noise protection value that can provide adequate 
impulse noise protection. The current technique includes the 
steps of an operator, or service provider, configuring the 
ADSL connection with a specific noise protection value, the 
ADSL connection is initialized and the transceivers enter into 
steady state data transmission (i.e., Showtime), and if the 
connection is stable, i.e., error-free, then the service is accept 
able and the process ends. If there are bit errors, then the 
process is repeated with the operator, or service provider, 
configuring the ADSL connection with another specific INP 
value. 
0011. One exemplary problem with this approach is that it 

is time consuming and can result in Sub-optimum user rates. 
This is illustrated with reference to the following examples: 
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EXAMPLE1 

0012 Assume that for aparticular DSL connection there is 
high impulse noise and the required INP is 8. As a result, if the 
service provider uses a first INP configuration of 2, the DSL 
connection will not be error free. Therefore, the service pro 
vider needs to configure a higher INP value and reinitialize 
the connection. If a value of 4 is used as a second INP value, 
it still will not provide adequate impulse noise protection and 
bit errors will occur. Again, the service provider will need to 
configure a higher INP value until the correct value of 8 is 
configured. Clearly, the connection needs to be re-initialized 
every time there is a new INP configuration chosen and this 
trial and error technique proves to be very time consuming. 

EXAMPLE 2 

0013 Assume that for aparticular DSL connection there is 
high-impulse noise and the required INP is 4. As a result, if 
the service provider uses a first INP configuration of 2, the 
connection will not be error free. Therefore, the service pro 
vider needs to configure a higher INP value and reinitialize 
the connection. In order to save time and not go through the 
number of initializations has occurred in Example 1, the 
service provider simply configures the system to the maxi 
mum INP value of 32. Obviously, there will be no bit errors 
with INP=32 since this connection needs only an INP value of 
4. As a result, user data throughput is greatly degraded since 
the additional FEC redundancy will be three times higher than 
what is actually needed. For example, if the INP of 4 requires 
10 percent FEC redundancy, an INP of 32 requires 40 percent 
FEC redundancy which results in a 30 percent decrease in 
user data rate. 

SUMMARY 

0014. In additional to the above drawbacks, the related 
systems do not have the ability to actually measure the length 
or repetition period of impulse noise which can both be used 
to determine an appropriate impulse noise protection setting. 
00.15 Exemplary aspects of this invention relate to deter 
mining the impact of impulse noise on a communication 
system and the capability to determine how the system should 
be configured to handle the impulse noise event. 
0016. An exemplary aspect of this invention determines 
the impact of impulse noise by transmitting and receiving 
using a plurality of different FEC and interleaving parameter 
settings. For each FEC and Interleaving Parameter (FIP) set 
ting, the received signal quality is determined by, for 
example, detecting if there are bit errors after the receiver 
performs the FEC decoding and deinterleaving. Based on 
this, the appropriate FIP setting is selected and used for trans 
mission and reception. 
0017. A plurality of FIP settings can be used for transmis 
sion and reception. In accordance with one particular aspect 
of this invention, the system can transition from one FIP 
setting to another FIP setting without going through the Star 
tup initialization procedure Such as the startup initialization 
sequence utilized in traditional xDSL systems. For example, 
an XDSL system that implements the systems and methods 
described herein could start using an FIP setting of (N=255. 
K=247, R=8, D=64) and then transition to an FIP setting of 
(N=255, K=239, R=16, D=64) without re-executing the star 
tup initialization procedure. 
0018. Knowing that the first FIP setting has a BECC—256 
bytes and the second setting has a BECC=512 bytes, means, 
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for example, that the second setting can correct an impulse 
that causes twice as many bit errors as the first FIP setting. On 
the other hand, the first FIP setting has less FEC parity (over 
head) which results in a higher information (net) data rate for 
the user during Showtime. This is also illustrated by the fact 
that K, the number of information bytes per code word, is 
higher for the first FIP setting. For each of the FIP settings, the 
receiver detects whether there are bit errors after the decoding 
and deinterleaving process. This detection can be done by, for 
example, by performing a cyclic redundancy check (CRC) 
after the decoding and deinterleaving process is complete as 
defined in the ITU standard G.992.x. In general, the CRC is a 
well-known method for detecting bit errors. Since impulse 
noise occurs at random times, this system can operate using a 
particular FIP setting for a period of time that is sufficient to 
encounter the impulse noise. In the simple example illustrated 
above, only the K and R values were modified. It should be 
appreciated however, that the systems and methods of this 
invention are not limited thereto but rather can be extended to 
include the modification of any one or more FIP parameter(s). 
0019. The process of determining the impact of impulse 
noise by transmitting and receiving using a plurality of FIP 
settings can be done while in steady-state transmission, i.e., 
Showtime for DSL systems, when user information bits are 
being transmitted. 
0020. The process of determining the impact of impulse 
noise by transmitting and receiving using a plurality of FIP 
settings, can be done during a special impulse noise training 
period during which the system is not actually transmitting 
user data. In accordance with this exemplary aspect of the 
invention, the standard xDSL procedure is modified to 
include the capability of measuring the effectiveness of a 
chosen impulse noise protection (INP) setting during initial 
ization and having receiver-controlled updates of transmis 
sion parameters that control the INP setting, e.g., FEC param 
eters and interleaving parameters, during initialization. 
0021. A new initialization state is included in the xDSL 
initialization procedure that provides the capability to mea 
sure the effectiveness of the current INP settings. The new 
initialization state will be referred to as the INPTraining state 
and it can, for example, follow the exchange of the Showtime 
transmission parameters such as the bi/gitable, trellis coding, 
tone reordering, FEC/interleaving. parameters, etc. It is 
important to note that steady-state transmission during which 
user information is transmitted is known as “Showtime' in 
XDSL systems and that standard ITUG.992.3 ADSL systems 
and ITU VDSL G.993.3 systems include an exchange phase 
in initialization during which the Showtime parameters are 
exchanged, see, for example, G.992.3 and G.993.1. 
0022. During this INPTraining state, the transceivers 
transmit and receive using at least one of the standard Show 
time functions using the Showtime parameters, e.g., bi/gi 
table, FEC/interleaving parameters, etc., that are exchanged 
during the previous exchange phase. These functions include 
at least one of Showtime PMD functions, e.g., bi/gitable, 
trellis coding, tone reordering, etc., PMS-TC functions, such 
as framing and FEC/interleaving, and TPS-TC functions. 
During the INPTraining state, the TPS-TC can transmit idle 
ATM cells, HDLC flags, or 64/65 idle packets depending on 
the TPS-TC type. 
0023. At the receiver, the CRC, the FEC, the TPS-TC error 
detection capabilities, and other receiver functions can be 
used to determine whether the INP setting is adequate for the 
current impulse noise conditions on the line. The receiver can 
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also use these receiver functions to automatically and 
dynamically determine what the correct INP setting should 
be. If the current INP setting is not adequate, a new set of 
Showtime transmission parameters can be exchanged and the 
process repeated by reentering the INPTraining state using 
the newly exchanged Showtime transmission parameters. If 
on the other hand, the current INP setting is adequate, the 
transceivers can enter into Showtime. 
0024. An exemplary advantage associated with this aspect 
of the invention is that the receiver can measure the effective 
ness of the current INP setting and can make updates to the 
INP setting based on these measurements during initializa 
tion. This is important because the receiver generally has the 
most knowledge of channel conditions, receiver functional 
ity, and processing capability. In general, the receiver has the 
best capability to make the necessary trade offs between data 
rate, latency, excess margin, FEC redundancy, coding gain, 
and the like. Current related ADSL systems have the operator 
servicing lines that are experiencing high impulse noise by 
trying various INP settings in an attempt to find an error-free 
operating mode. However, since the operator is not capable of 
making the receiver trade offs stated above, Such as the data 
rate, latency, and the like, the process will often lead to a 
Sub-optimum result. 
0025. Another exemplary aspect of this invention relates 
to determining the length and/or repetition period of impulse 
noise events in order to select an appropriate INP setting. 
0026. For example, the transceivers can transmit and 
receive using at least one of the standard Showtime functions 
and parameters such as the bi/gi table, FEC/interleaving 
parameters, and the like. These functions include the Show 
time PMD functions, such as the bi/gitable, trellis coding, 
tone reordering and the like, PMS-TC functions (such as 
framing and FEC interleaving) and TPS-TC functions. The 
TPS-TC may transmit ATM cells, HDLC packets, or 64/65 
packets depending on, for example, the TPS-TC type. 
0027. At the receiver, the CRC, the FEC, the TPS-TC error 
detection capabilities, and other receiver functions can be 
used to determine the length and the period of the impulse 
noise and whether an INP setting is adequate for the current 
impulse noise conditions on the line. 
0028. For example, the receiver can determine the length 
of an impulse noise event. The length of impulse noise events 
can be determined in a number of ways. For example, they can 
be determined as: 

0029. 1. The length of the impulse in time, e.g., how 
many microseconds the impulse power is above a spe 
cific noise level (e.g. the above the stationary channel 
noise) 

0030) 2. The number received bits that are affected by 
the impulse noise, e.g. how many received bits are in 
error in a specific sliding time window or how many 
consecutive bits are in error in a stream 

0031. 3. The number of received ATM cells that are 
affected by the impulse noise, e.g. how many ATM cells 
contain bits that are in error. This may be detected using 
a standard ATM HEC, which is a CRC that covers the 
ATM header bits. Alternatively this may detected by 
checking the ATM payload bits by, for example, trans 
mitting a predefined bit pattern that is known by the 
receiver 

0032 4. The number of 64/65 packets that are affected 
by the impulse noise, e.g. how many packets contain bits 
that are in error (the 64/65 CRC can be used for this) 
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0033) 5. The number of received DMT symbols that are 
affected by the impulse noise, e.g., the measured noise in 
a DMT symbol is above a predefined threshold which 
results in most (if not all) the bits in that DMT symbol 
being in error 

0034 6. The number of FEC codewords that are 
affected by the impulse noise, e.g., how many code 
words have an uncorrectable number of bit errors, i.e., 
the number of bit errors in a codeword exceeds the 
number of bit that are correctable by the FEC code 

0035. In accordance with one exemplary aspect, the FEC 
correction capability and interleaving is turned off when try 
ing to determine the length of the impulse noise. For example, 
the FEC may be configured so that there are no parity bits (i.e., 
R=0) or the FEC may be disabled altogether (i.e., no code 
words are sent). Additionally, for example, the interleaving 
may be disabled by setting the interleaver depth to 1 (i.e., 
D=1). Disabling the FEC and interleaving is beneficial when 
trying to determine the length of the impulse noise based on 
affected bits, affected code words and/or affected packets. 
This is true since when the FEC/interleaving is enabled, the 
impulse noise event will be spread over a large time period 
and it will be more difficult to determine the length of the 
original impulse. 
0036. The exemplary techniques discussed herein that are 
used to determine the length of the impulse event can also be 
extended to determining the repetition period of the impulse 
noise event, i.e., how often is impulse noise occurring. The 
repetition period can be important, because the period has an 
effect on the FIP setting that is used. For example, if the 
interleaving spreads an impulse noise event over a period of 
time that exceeds the impulse period, then the interleaver 
could combine multiple impulse noise events together. As a 
result, the FEC correction capability may have to be 
increased. In order to determine the repetition period of an 
impulse noise event, the receiver can first detect the impulse 
noise event as discussed above and then determine how often 
the impulse noise events occur. For example, periodic 
impulse noise due to AC power lines occurs at a 120 HZ 
reception rate, or approximately every 8ms. 
0037. In the case where the impulse noise does not have a 
fixed length, i.e., where the impulse noise varies over time, 
the receiver can attempt to determine the maximum impulse 
noise length. This involves measuring several impulse noise 
events and determining the impulse noise event with the 
maximum length. In practice, it is likely that the impulse 
noise will have varying length and it is important that the 
FEC/interleaving settings be configured to handle the maxi 
mum, e.g., worst case, impulse noise event. 
0038. Once the receiver determines the (maximum) length 
of the impulse noise and/or the repetition period of the 
impulse noise, this information can be sent to the transmitting 
modem. In particular, when the receiving modem, such as a 
Customer-Premises (CPE) modem determines the (maxi 
mum) length of the impulse and/or the repetition period of the 
impulse, the CPE modem could send the information to a 
Central Office (CO) modem in a message. The length of the 
impulse length event can be defined and specified in the 
message in terms of time, received bits, ATM cells, 64/65 
packets, DMT symbols, or the like. The CO modem could 
then, for example, provide this information to the CO-MIB, 
which is the management interface that is used by the operator 
or service provider to configure the modems. For example, 
based on this information, the operator may configure the 
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modems to a different INP value, data rate, latency, or the like. 
This process could also be automated Such that the message 
received by the CO modem allows automatic reconfiguration 
to adjust, for example, INP values, data rate, latency, or the 
like. 
0039. The exemplary aspects of the invention that are used 

to determine the length and/or repetition period of the 
impulse noise event can be performed during initialization 
and/or Showtime. During initialization, the method can per 
form during an INPTraining state such as the one described 
herein. During Showtime the method can be performed, for 
example, during a Showtime INP adaptation phase as 
described herein. 
0040. These and other features and advantages of this 
invention are described in, or are apparent from, the following 
description of the embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041. The features of this invention will be described in 
relation to the figures, wherein: 
0042 FIG. 1 is a functional block diagram illustrating an 
exemplary impulse noise adaptation system according to this 
invention; 
0043 FIG. 2 illustrates an exemplary initialization state 
machine that includes an INPTraining State according to this 
invention; 
0044 FIG.3 is a flowchart outlining an exemplary method 
for impulse noise protection adaptation during Showtime 
according to this invention; 
0045 FIG. 4 is a flowchart illustrating an exemplary 
receiver optimized method for impulse noise protection adap 
tation according to this invention; 
0046 FIG. 5 is a flowchart illustrating an exemplary 
method for forward error correction synchronization accord 
ing to this invention; 
0047 FIG. 6 is a flowchart illustrating an exemplary 
method for flag signal synchronization according to this 
invention; and 
0048 FIG. 7 is a flowchart illustrating an exemplary 
method for determining impulse noise length and period 
according to this invention. 

DETAILED DESCRIPTION 

0049. The exemplary embodiments of this invention will 
be described in relation to adapting impulse noise parameters 
as well as measuring impulse noise length and repetition 
period within an xDSL environment. However, it should be 
appreciated that, in general, the systems and methods of this 
invention can be applied and will work equally well with any 
type of communication system in any environment. 
0050. The exemplary systems and methods of this inven 
tion will be described in relation to xDSL modems and asso 
ciated communication hardware, Software, and communica 
tion channels. However, to avoid unnecessarily obscuring the 
present invention, the following description omits well 
known structures and devices that may be shown in block 
diagram form or otherwise Summarized. 
0051. For purposes of explanation, numerous details are 
set forth in order to provide a thorough understanding of the 
present invention. It should be appreciated however, that the 
present invention may be practiced in a variety of ways 
beyond the specific details set forth herein. For example, the 
systems and methods of this invention can generally be 
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applied to any type of system within any environment in 
which the impulse noise length and/or period is desired, or for 
which impulse noise adaptation is desired. 
0.052 Furthermore, while the exemplary embodiments 
illustrated herein show the various components of the system 
collocated in specific locations, it is to be appreciated that the 
various components of the system can be located or relocated 
at distant portions of a distributed network, such as a telecom 
munications network and/or the Internet, or within a dedi 
cated secure, unsecured and/or encrypted system. Thus, it 
should be appreciated that the components of the system can 
be combined into one or more devices, such as a modem, or 
collocated on a particular node of a distributed network, Such 
as a telecommunications network. As will be appreciated 
from the following description, and for reasons of computa 
tional efficiency, the components of the system can be 
arranged at any location within a distributed network without 
effecting the operation of the system. For example, the vari 
ous components can be located in a central office (CO or 
ATU-C) modem, a customer premises modem (CPE or ATU 
R), or some combination thereof. Similarly, the functionality 
of the system could be distributed between one or more of the 
modems and an associated computing device. 
0053. Furthermore, it should be appreciated that the vari 
ous links, including communications link 20, connecting the 
elements can be wired or wireless links, or any combination 
thereof or any other known or later-developed element(s) that 
is capable of Supplying and/or communicating data to and 
from the connected elements. The term module as used herein 
can refer to any known or later-developed hardware, soft 
ware, or combination of hardware and software that is capable 
of performing the functionality associated with that element. 
Furthermore, as used herein, the term “transmitter” has the 
same meaning as the term “transmitting modem” or “trans 
mitting transceiver and the term “receiver” has the same 
meaning as “receiving modem” or “receiving transceiver.” 
0054 FIG. 1 illustrates an exemplary embodiment of an 
impulse noise adaptation system 100 according to an exem 
plary embodiment of this invention. In particular, the system 
100 comprises a receiving modem 200 and a transmitting 
modem 300. The exemplary receiving modem 200 comprises 
a decoder/deinterleaver 210, a bit error rate (BER) detection 
module 220, a forward error correction and interleaving 
parameter (FIP) module 230, an impulse noise length deter 
mination module 240, an impulse noise period determination 
module 250, an impulse noise parameter management mod 
ule 260, an impulse noise protection adaptation module 270, 
a synchronization module 280, a message module 290 and a 
controller and memory (not shown) all interconnected by a 
link 5. The exemplary transmitting modem 300 comprises a 
management module 310, a synchronization module 320, a 
message module 330, and may optionally include an impulse 
noise parameter management module 340. 
0055. In operation, the exemplary communication system 
adapts the impulse noise parameters on-line by operating 
using a series of different FIP settings. For each FIP setting, 
the system can dynamically determine if the appropriate 
amount of impulse noise protection is being provided. Based 
on these determinations, the system can select aparticular FIP 
setting for regular, i.e., Showtime, operation. As will be dis 
cussed in greater detail hereinafter, this impulse noise protec 
tion adaptation can be performed during Showtime and/or 
during initialization. 
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0056 Impulse noise protection adaptation during Show 
time includes the following exemplary steps. First, the DSL 
system, i.e., the transmitting and receiving modems, com 
pletes regular initialization and commences transmission and 
reception using a first FIP setting. For DSL systems, this first 
FIP setting is selected by the receiver 200 and is based on the 
minimum/maximum data rate, maximum latency, and mini 
mum INP parameters as configured by, for example, the Ser 
vice provider via the management module 310. A detailed 
explanation of this procedure can be seen in G.992.3. 
0057 The system will use this first FIP setting for a period 
of time T1. During this period, and in conjunction with the 
BER detection module 220, the receiver 200 detects if bit 
errors have occurred using this first FIP setting for the decod 
ing and deinterleaving performed by the decoder/deinter 
leaver 210. For example, the receiver 200 can use a CRC to 
detect biterrors. If there are no biterrors, then the current INP 
setting is adequate and there is no need to modify the INP 
setting and Showtime communication can continue as nor 
mal. 
0058. However, if bit errors have been detected by the 
BER detection module 220, an adjustment to the INP setting 
may be appropriate. For example, a service provider, a user, or 
the system can choose an updated INP setting. Since biterrors 
have been detected, the INP setting could be increased by an 
on-line modification to the FIP parameters. Specifically, the 
transmitter 300, and for example the management module 
310, in response to an indication from the receiver 200 that bit 
errors have been detected, can send a message to the receiver 
200 to initiate a change in the INP settings. The receiver 200, 
in cooperation with the message module 290, the FIP module 
230, the impulse noise parameter management module 260 
and impulse noise protection adaptation module 270, can 
return a message to the transmitter 300 that specifies a newly 
determined FIP setting that satisfies the new INP require 
ment. 

0059. The transmitter 300 and receiver 200 can then tran 
sition to the new INP setting by starting to use the new FIP 
parameters for transmission and reception, respectively, at a 
synchronized point in time. This synchronization can be done 
in accordance with a number of exemplary methods that are 
discussed hereinafter. 
0060. Upon synchronization, the system 100 continues 
communication using the updated FIP settings for a second 
period of time T2. If the receiver detects that bit errors are 
occurring using this updated FIP setting during the decoding 
and deinterleaving performed by the decoder/deinterleaver 
210 the steps can be repeated with the selection of another 
updated INP setting. However, if there are no bit errors 
detected by the receiver 200 during the time period T2, then 
the new INP setting is adequate and there is no need for 
further change at which point the INP adaptation procedure 
can end. 
0061 This Showtime-based INP adaptation process can 
be repeated as many times as necessary until an INP setting is 
obtained that provides the required impulse noise immunity 
and/or bit error rate. 
0062 One advantage of this technique is that the transition 
between different FIP settings can be accomplished without 
reinitializing the transceivers using the lengthy standard ini 
tialization procedure that is typically used in ADSL and 
VDSL systems. In contrast, the transition can occur without 
the standard initialization since the transition between FIP 
settings can be synchronized between the transmitter and the 
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receiver such that the receiver 200 can determine when to start 
FEC decoding using the new FIP settings for Kand R. As will 
be discussed hereinafter, this transition can be synchronized 
using a number of different exemplary methods. 
0063. The transition can also be accomplished without 
synchronization in which case the receiver 200 will determine 
when the new FIP settings are used by some alternative 
means. For example, the receiver could determine when the 
new FIP settings are being used by FEC decoding using both 
the old and updated FIP settings and determining which one 
is currently being utilized by the transmitter by determining 
with which FIP setting the codeword is correct. Other receiver 
functions such as CRCs, ATM HEC errors and the like could 
also be used. 
0064. This impulse noise protection adaptation procedure 
can be performed during regular steady-state transmission, 
i.e., Showtime in ADSL, using actual user data or, for 
example, idle ATM cells. This methodology can also be per 
formed during a special impulse noise training period during 
which the system is not actually transmitting user data. For 
example, this impulse noise training period could utilize 
transmitted predefined pseudorandom bit streams or, for 
example, idle ATM cells or HDLC flags for determining an 
appropriate INP value. 
0065. The length of the time periods T1, T2, . . . can be 
controlled by, for example, the receiving modem 200. The 
receiving modem 200 could control the length of these time 
periods by, for example, sending a message that specifies how 
long the transmitter should transmit using a particular FIP 
setting. This length can be defined, for example, in terms of 
the number of DMT symbols or the number of FEC code 
words. For example, a message could indicate that 200 DMT 
symbols should be sent for all FIP settings or 300 FEC code 
words should be sent for all FIP settings. Alternately, the 
message can indicate a different number of DMT symbols or 
FEC code words for each FIP setting. This technique could 
further be used to aid in determining an appropriate INP 
setting by forwarding a predetermined number of DMT sym 
bols at a first FIP value, followed by a second number of DMT 
symbols at a second FIP value, and so on. For each of these 
sets of DMT symbols and associated FIP values, the receiver 
could determine the bit error rate, with the cooperation of the 
BER detection module 220, and then forward a message, with 
the cooperation of the message module 290, to the transmitter 
300 specifying which FIP setting provided the appropriate 
impulse noise protection. 
0.066 Similarly, the transmitting modem 300 and receiv 
ing modem 200 could cooperate Such that an optimum 
impulse noise protection value is converged upon. For 
example, the transmitting modem 300, with the cooperation 
of the message module 330, could forward a message to the 
receiving modem 200 specifying a first INP setting. If there 
are no bit errors, a message could be sent via the message 
module 290 to the transmitting modem 300 indicating that 
there are no bit errors and a lower INP value could be 
attempted. The impulse noise parameter management mod 
ule 260 and FIP module 230 could then determine an appro 
priate lower INP setting and forward it to the transmitter 300. 
As discussed above, since a lower INP value is inversely 
proportional to the user data rate, it is advantageous to opti 
mize the INP value based on detected errors. The transmitting 
modem 300, in cooperation with the message module 330, 
could then send another message to the receiving modem 200 
indicating that the lower INP value will be transitioned to at 
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which point the procedure repeats itself through detection of 
bit errors in cooperation with the bit error rate detection 
module 220 and the decoder/deinterleaver 210. This reduc 
tion in the INP parameters can continue until bit errors are 
detected at which point a message is sent, with the coopera 
tion of the message module 290, to the transmitting modem 
300 indicating a higher INP value is required since bit errors 
were detected. Then, for example, based on an evaluation of 
a convergence of bit errors vs. impulse noise protection 
parameters, an optimum INP value can be determined and 
transitioned to by the receiver 300 and transmitter 200. This 
procedure could also be used to increase the INP parameters 
in a similar fashion. 
0067. The length of the time periods T1, T2, ... can also be 
controlled by the transmitter 300. For example, the transmit 
ter 300 could control the length of these time periods, by, for 
example, sending a message to the receiver 200 that specifies 
the length of time the transmitter will transmit using a par 
ticular FIP setting. This length could be defined interms of the 
number of DMT symbols or, for example, the number of FEC 
codewords. The exemplary message could indicate that, for 
example, 200 DMT symbols would be sent for all FIP settings 
or 300 FEC codewords will be sent for all FIP settings. The 
message could also indicate a different number of DMT sym 
bols or FEC codewords for each FIP setting. In general, the 
message could contain any type of information relating to 
how long the transmitter will be using a specific FIP setting 
(s). 
0068. The length of the time periods T1, T2 ... can also be 
controlled by, for example, a service provider or a user. For 
example, the service provider could configure through the 
management module 310 a minimum time X=10 seconds to 
be used for testing each FIP setting. The service provider 
could use the knowledge of the nature of the impulse noise, 
Such as how often impulse noise event occurs, to determine 
the times. However, and in general, the length of the time 
periods could be configured to be any length of time as appro 
priate. 
0069. As discussed above, when a determination is made 
that there are bit errors and an increase in the INP setting is 
desirable, the receiving modem 200 can determine the new 
INP settings. However, it should be appreciated that the trans 
mitting modem 300, in cooperation with the impulse noise 
parameter management module 340 could also determine 
updated INP settings. For example, either modem could con 
tinually adapt the INP values as discussed above until no bit 
errors that are the result of impulse noise are detected by the 
BER detection module 220. 

0070. As alluded to above, the receiver and transmitter can 
synchronize the modification of the FEC and interleaving 
parameters such that the both the transmitter and receiver start 
using the parameters at the same instant in time. This syn 
chronization can be based on, for example, a synchronization 
using FEC codeword counters or a flag signal. 
0071. For synchronization using FEC codeword counters, 
the receiver 200 and transmitter 300 can synchronize the 
change in cooperation with the sync modules 280 and 320, by 
counting the FEC codewords from the beginning of Show 
time and the transition would occur when a specific FEC 
codeword counter value that is known by both the transmitter 
300 and the receiver 200 is reached. Prior to the transition 
point, the transmitter 300 or receiver 200 in cooperation with 
the message module 290 and message module 330, would 
send a message indicating the FEC codeword count value on 
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which the FIP parameters will be updated. For example, the 
transmitting modem 300 can enter into Showtime and the 
synchronization module 320 commences counting the num 
ber of transmitted FEC codewords. For example, the first 
codeword transmitted has a count value of 0, the second 
transmitted codeword has a count value of 1 . . . . The counter 
can optionally be defined as having a finite length, for 
example, 0 to 1023 (10 bits) such that when the value of 1023 
is reached, on the next FEC code word that is transmitted, the 
counter restarts at the value of 0. 
0072 Similarly, the receiving modem 200 upon entering 
Showtime starts a counter in cooperation with the synchroni 
zation module 280 that counts the number of received FEC 
codewords. The first received FEC codeword has a count 
value of 0, the second received FEC codeword to the count 
value of 1 . . . . As with the synchronization module 320, the 
synchronization module 280 can have a counter with a finite 
length, for example 0-1023, such that when the value of 1023 
is reached, on the next FEC codeword the counter restarts at 
O 
0073. At some point, for example, based on detected bit 
errors, the user, a service provider, or the like, it is determined 
that an updated FIP setting is needed. The receiving modem 
200 can send a message, via the message module 290, to the 
transmitting modem 300, and in particular the message mod 
ule 330 and impulse noise parameter management module 
340. The updated FIP setting can alternatively be sent from 
the transmitting modem to the receiving modem. 
0074 The synchronization module 280 and message mod 
ule 290 then cooperate to send a message to the transmitting 
modem 300 specifying the FEC codeword counter value on 
which the new FIP settings are to be used for transmission and 
reception. Alternatively, the transmitting modem, in coopera 
tion with the message module 330, can send a message to the 
receiving modem indicating the FEC codeword counter value 
on which the FIP settings are to be used for transmission and 
reception. For example, the message can indicate that when 
the code word counter equals 501, the new FIP setting will be 
used for transmission and reception. 
(0075. When the transmitter FEC codeword counter equals 
the value indicated in the message, the synchronization mod 
ule 220 instructs the transmitting modem 300 to transition to 
the new FIP settings. Similarly, when the synchronization 
module 280 in the receiving modem 200 counts the FEC 
codeword that equals the value indicated in the message, the 
receiving modem 200 transitions to using the new FIP set 
tings for reception. 
0076 Synchronization can also be performed through the 
use of a flag signal (sync flag). For this exemplary embodi 
ment, the receiving modem 200 and transmitting modem 300, 
in cooperation with the synchronization module 280 and syn 
chronization module 320, synchronize the change in FIP 
settings using a flag or marker signal that is similar to that 
used in the ADSL2 G.992.3 ORL protocol. This protocol may 
be more desirable than using an FEC codeword counter 
because, for example, it has greater impulse noise immunity. 
0077. For synchronization using a flag signal, the receiver 
and transmitter would start using updated FEC and interleav 
ing parameters on a pre-defined FEC codeword boundary 
following the Sync flag. For example, while transmitting 
using a first INP setting, a determination is made by, for 
example, the BER detection module 220 that a new FIP 
setting is needed due to the presence of impulse noise on the 
line. This determination can be performed by the receiving 
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modem, in cooperation with the FIP module 230, the trans 
mitting modem, a user, a service provider, or the like. The 
receiving modem 200, in cooperation with the message mod 
ule 290, sends a message to the transmitting modem 300 
indicating the new FIP settings to be used for transmission 
and reception. Alternatively, the transmitting modem, in 
cooperation with the message module 330, prepares and 
sends a message to the receiving modem indicating the 
updated FIP settings to be used for transmission and recep 
tion. 
0078. The transmitting modem then sends a flag or marker 
signal to the receiving modem 200 indicating that the new FIP 
settings are to be used on a predetermined number of DMT 
symbols following the transmission of the flag or marker 
signal. For example, the flag signal could be an inverted Sync 
symbol, or sync FLAG, as used in the ADSL2 G.992.3 OLR 
protocol. The transmitting modem 300 then starts using the 
new FIP settings for transmission on the predetermined num 
ber of DMT symbols following the transmission of the flag or 
marker signal. Similarly, the receiving modem starts using the 
new FIP settings for reception once the predetermined num 
ber of DMT symbols following the receipt of the flag or 
marker signal have been received. 

EXAMPLE1 

On-Line INPAdaptation FIP Setting 
0079. This section describes an example of FIP settings 
for On-Line INP adaptation for DSL. In this example only the 
number of information bytes in a codeword (K) and the num 
ber of parity bytes in a codeword (R) are updated on-line. The 
Codeword Size (N) and Interleaver Depth (D) are not 
changed. This means that the latency (and interleaver 
memory size) and the line rate are not modified on-line. Since 
N=K+R this places restrictions on the allowed values for K 
and R. 
0080 1st Setting Approximate User Data Rate=3.968 
Mbps, Line Rate–4.096 Mbps, N=128, K=124, R-4, S-1, 
D=64, Latency=16 msec, INP=1} 

I0081. 2nd Setting {Approximate User Data Rate=3.840 
Mbps, Line Rate–4.096 Mbps, N=128, K=120, R=8, S-1, 
D=64, Latency=16 msec, INP=2} 

I0082 3nd Setting {Approximate User Data Rate–3.584 
Mbps, Line Rate–4.096 Mbps, N=128, K=112, R=16, 
S=1, D=64, Latency=16 msec, INP=4} 

0083. The On-line INP adaptation process is restricted to 
only modify the number of information bytes in a codeword 
(K) and the number of parity bytes in a codeword (R). The 
FEC Codeword Size (N=K+R) and Interleaver Depth (D) are 
not changed. This means that the latency (or interleaver 
memory size) and the line rate are not modified on-line. 
However the user data rate will change during the process 
since K is being modified. Also since the line rate and the FEC 
codeword size are not modified, the S value does not change 
in the process. It is important to note that with these con 
straints, the On-line INP adaptation process can be done in as 
seamless manner (no biterrors and service interruption). This 
means provided that the modification if the FIP setting is 
restricted to K and R, the transition between FIP settings can 
be done in a seamless manner. This is the case because if the 
codeword size N and the interleaver depth Dare not modified, 
the transition can happen without the problem of “interleav 
ing memory flushing.” Interleaver memory flushing is a well 
known problem in which errors occur because interleaverand 
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deinterleaver memory locations are overwritten due to on 
line changes in the codeword size (N) and or interleaver depth 
(D). 

EXAMPLE 2 

On-Line INPAdaptation FIP Setting 
I0084. This section describes an example of FIP settings 
for On-Line INP adaptation for DSL. In this example only the 
Codeword Size (N) and the number of parity bytes in a code 
word (R) are updated on line. The number of information 
bytes in a codeword (K) and Interleaver Depth (D) are not 
changed and therefore the user data rate does not change. This 
means that the latency (and interleaver memory size) and the 
line rate are modified on-line. Since N=K+R this places 
restrictions on the allowed values for K and R. 
I0085. 1st Setting Approximate User Data Rate=3.968 
Mbps, Line Rate–4.096 Mbps, N=128, K=124, R-4, S=1, 
D=64, Latency=16 msec, INP=1} 

I0086 2nd Setting {Approximate User Data Rate=3.968 
Mbps, Line Rate–4.224 Mbps, N=132, K=124, R=8, S-1, 
D=64, Latency=16 msec, INP=2} 

I0087 3nd Setting Approximate User Data Rate=3.968 
Mbps, Line Rate–4.480 N=128, K=124, R=16, S=1, 
D=64, Latency=16 msec, INP-4} 

I0088. In this example the Line Rate is modified on-line. 
For this reason it is necessary to also complete a rate adapta 
tion process in order to complete this On-Line INP adapta 
tion. A method for Seamless Rate Adaptation is described in 
U.S. Pat. No. 6,498,808. 
I0089. While these examples restrict the changes to a sub 
set of the FIP parameters, they can obviously be extended to 
cover any combination of the FIP parameters (N. K. Rand D). 
For example, the value of D could also be modified in addition 
to the values of K. Rand N. This could result in a change in the 
required interleaver memory and latency. In order to keep the 
memory and latency constant it is necessary to change the 
codeword size (N) accordingly when changing the interleaver 
depth (D). For example, if the interleaver depths is changed 
from D=64 to D=128, the Codeword size would have to be 
decreased by a factor of 2 so that overall latency is constant. 
0090 FIG. 2 illustrates an exemplary modified initializa 
tion state machine that includes the INPTraining state prior to 
Showtime. This state machine is based on the VDSL G.993.1 
ITU standard. As defined in G.993.1, VTU-O is the VDSL 
Transceiver Unit at the Optical Network Unit (ONU) and 
VTU-R is the VDSL. Transceiver Unit at the Remote terminal. 
The Initialization state machine in FIG. 2 is an example of 
how INPTraining states could be included in a modified 
VDSL initialization procedure. While exemplary FIG. 1 
includes the INPTraining state at a specific time in the initial 
ization sequence, the INPTraining state can be included at any 
time during initialization provided that it is preceded by a 
state during which Showtime parameters are exchanged 
between the transceivers. 
0.091 O-P-INPTrain 
0092. During the O-P-INPTrain State the VTU-O trans 
mitter transmits DMT Symbols using the standard PMD, 
PMS-TC and TPS-TC SHOWTIME functions with param 
eters exchanged during the previous Exchange Phase. During 
this state, the TPS-TC transmits idle ATM cells, HDLC flags 
or 64/65 idle packets. SOC is inactive during this state. 
(0093. This state is used by the VTU-R to determine the 
correct DS INP setting based on Impulse Noise conditions on 
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the line. For example, the downstream CRC, FEC error detec 
tion, TPS-TC error detection capabilities, and other receiver 
functions can be used to determine whether the INP setting is 
adequate. The receiver can also use these receiver functions to 
determine the correct INP setting. 
0094. If the VTU-R determines that the current INP setting 

is not adequate, the VTU-R transmits the R-P-ISYNCHRO2 
signal to indicate the need to transition back to the Exchange 
Phase in order to exchange new transmission parameters. 
0095. If the VTU-R determines that the current INP setting 

is not adequate, the VTU-R transmits the R-P-SYNCHRO2 
signal to indicate that it is OK to transition to Showtime with 
the current transmission parameters. 
0096, R-P-INPTrain 
0097. During the R-P-INPTrain State the VTU-R trans 
mitter transmits DMT Symbols using the standard PMD, 
PMS-TC and TPS-TC Showtime functions with parameters 
exchanged during the previous Exchange Phase. During this 
state, the TPS-TC transmits idle ATM cells, HDLS flags or 
64/65 idle packets. SOC is inactive during this state. 
0098. This state is used by the VTU-O to determine the 
correct US INP setting based on Impulse Noise conditions on 
the line. For example, the upstream (US) CRC, FEC error 
detection, TPS-TC error detection capabilities, and other 
receiver functions can be used to determine whether the INP 
setting is adequate. The receiver can also use these receiver 
functions to determine the correct INP setting. 
0099. If the VTU-O determines that the current INP set 
ting is not adequate, the VTU-O transmits the O-P-ISYN 
CHRO2 signal to indicate the need to transition back to the 
Exchange Phase in order to exchange new transmission 
parameters. 
0100. If the VTU-O determines that the current INP set 
ting is not adequate, the VTU-O transmits the O-P-SYN 
CHRO2 signal to indicate that it is OK to transition to Show 
time with the current transmission parameters. 
01.01 O-P-SYNCHRO2 
0102 The O-P-SYNCHRO2 is the same as defined in the 
current VDSL1. As in VDSL1, the VTU-O transmitter enters 
Showtime after transmitting the O-P-SYNCHRO2 signal. 
(0103 But, if the VTU-R has not also entered into Show 
time, the VTU-O waits for receipt of the R-P-SYNCHRO2 or 
R-P-ISYNCHRO2. If the VTU-O receives the R-P-SYN 
CHRO2 it continues in Showtime. If the VTU-O receives the 
R-P-ISYNCHRO2, the VTU-O transmitter transitions back 
to the beginning of the O-P-MEDLEY state. 
0104 R-P-SYNCHRO2 
0105. The O-P-SYNCHRO2 is the same as defined in the 
current VDSL1. As in VDSL1, the VTU-R transmitter enters 
Showtime after transmitting the R-P-SYNCHRO2 signal. 
0106 But, if the VTU-O has not also entered into Show 
time, the VTU-R waits for receipt of the O-P-SYNCHRO2 or 
O-P-ISYNCHRO2. If the VTU-R receives the O-P-SYN 
CHRO2 it continues in Showtime. If the VTU-R receives the 
O-P-ISYNCHRO2, the VTU-R transmitter transitions back 
to the beginning of the R-P-MEDLEY state. 
01.07 O-P-ISYNCHRO2 
0108. The O-P-ISYNCHRO2; is phase-inverted version 
of the O-P-SYNCHRO2, i.e., a subcarrier-by-subcarrier 180 
degrees phase reversal. The VTU-O transmitter transitions to 
the beginning of the O-P-MEDLEY state after transmitting 
the O-P-ISYNCHRO2 signal. 
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01.09 R-P-ISYNCHRO2 
0110. The R-P-ISYNCHRO2 is phase-inverted version of 
the R-P-SYNCHRO2, i.e., a subcarrier-by-subcarrier 180 
degrees phase reversal. The VTU-R transmitter transitions to 
the beginning of the R-P-MEDLEY state after transmitting 
the R-P-ISYNCHRO2 signal 
0111 Exemplary Overview State Transition Rules Based 
on SYNCHRO2 and the ISYNCHRO2 signals: 

0.112. If either the VTU-O or the VTU-R transmits the 
ISYNCHRO2 signal then both VTU-R and VTU-Otran 
sition back to beginning of the MEDLEY state. 

0113. If both the VTU-O and the VTU-R transmit the 
SYNCHRO2 signal then both the VTU-R and the 
VTU-O transition into Showtime. 

0114. There are several important points regarding this 
exemplary embodiment. First, the receiver can measure the 
efficiency of the plurality of INP settings without completing 
a new initialization procedure such as is used in ADSL and 
VDSL systems. Second, the length of the time of the O-P- 
INPTrain and R-P-INPTrain states can be controlled by the 
VTU-R and VTU-O respectively. In this way the receivers 
have adequate time to determine if the current INP setting is 
correct. In order to accomplish this, prior to entering the 
R-P-INPTrain state, the VTU-O can transmit a message to the 
VTU-R indicating the minimum length of the R-P-INPTrain 
state. Likewise, prior to entering the O-P-INPTrain state, the 
VTU-R can transmit a message to the VTU-O indicating the 
minimum length of the O-P-INPTrain state. For example, the 
message could indicate that a minimum of 20000 DMT sym 
bols should be sent during the O-P-INPTrain state. Addition 
ally, the length of the time of the O-P-INPTrain and R-P- 
INPTrain states could be set by the DSL service provider in 
order to make Sure that the initialization does not take too long 
or because the service provider may have some knowledge of 
the statistics of the impulse noise which require setting the 
length of the INPTrain states. In this exemplary case a mes 
sage could be sent from the VTU-O to the VTU-R indicating 
the minimum and/or maximum length of the O-P-INPTrain 
and/or the R-P-INPTrain states. For example, the message 
could indicate that a minimum of 20000 DMT symbols 
should be sent during the R-P-INPTrain state. Also, for 
example, the message could indicate that a maximum of 
40000DMT symbols should be sent during the R-P-INPTrain 
State. 

0115 The length of the time of the O-P-INPTrain and 
R-P-INPTrain states could also be controlled by the VTU-O 
and VTU-R respectively. In this case, the transmitters will 
have control of the state lengths. In order to accomplish this, 
prior to entering the R-P-INPTrain state, the VTU-R can 
transmit a message to the VTU-O indicating the minimum 
length of the R-P-INPTrain state. Likewise, prior to entering 
the O-P-INPTrain state, the VTU-O can transmit a message to 
the VTU-R indicating the minimum length of the O-P-INP 
Train state. For example, the message could indicate that a 
minimum of 20000 DMT symbols should be sent during the 
O-P-INPTrain State. 

0116. As discussed above, another exemplary aspect of 
this invention relates to determining the length and/or repeti 
tion period of impulse noise events in order to select an 
appropriate INP setting. 
0117 The INP length can be determined using any one of 
a plurality of metrics. For example, the INP length can be 
determined based on one or more of: 
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0118 1) The length of the impulse in time 
0119 2) The number of received bits that are affected by 
the impulse noise 

I0120 3) The number of received ATM cells that are 
affected by the impulse noise 

I0121 4) The number of 64/65 packets that are affected 
by the impulse noise 

(0.122 5) The number of received DMT symbols that are 
affected by the impulse noise 

(0123 6) The number of FEC codewords that are 
affected by the impulse noise 

0124. As an example, assume that length of the impulse 
noise is 700 microseconds (Example 1). At a data rate of 1 
Mbps this could correspond to an impulse noise length of 700 
bits (Example 2) assuming that all impulse noise was high 
enough to affect all 700 bits in the 700 microsecond period. 
This also could correspond to a impulse noise length of 700/ 
(53*8)=1.65 ATM cells since there are 53 bytes ina ATM cell 
(Example 3). This also could correspond to an impulse noise 
length of 700/(65*8)=1.35 64/65 packets since there are 65 
bytes in a 64/65 packet (Example 4). This also could corre 
spond to an impulse noise length of 700/(250)=2.8 DMT 
symbols (INP=2.8) assuming the DMT symbol rate is 4 kHz 
(250 microseconds DMT symbol length) (Example 5). 
0.125. As an example, the determination of the INP length 
with the number of received bits that are affected by impulse 
noise can be performed in accordance with the following 
procedure. Initially, the transmitting modem 300 transmits 
data using at least one of the Showtime functions. In accor 
dance with a first exemplary embodiment, at least the bit 
allocation table is used. In addition, or alternatively, the trellis 
coder, framer, and TPS-TC functions may also be used. Addi 
tionally, or alternatively still, the interleaving and FEC may 
also be used. 
0126 The receiving modem 200 receives data using at 
least one of the Showtime functions, such as the bit allocation 
table as discussed above. Similarly, the trellis coder, framer, 
TPS-TC and/or interleaving and FEC can be used. 
0127. The transmitter 300 then transmits a predefined bit 
pattern that is used for determining or measuring the impulse 
noise length based on detected erroneous bits. The receiving 
modem 200 compares, with the assistance of the impulse 
noise length determination module 240, the predefined bit 
pattern to the received bit pattern in order to detect bit errors. 
Since impulse noise events typically cause a burst of errors in 
a bit stream, the receiving modem 200 determines the length 
of the impulse noise event by detecting and determining the 
length of the error burst. 
0128. Once the receiver 200 determines the length of the 
impulse noise, the receiving modem 200, in cooperation with 
the message module 290, sends a message to the transmitter 
300 that indicates the determined length of the impulse noise. 
0129. In accordance with an exemplary embodiment, the 
FEC correction capability and interleaving is turned off when 
trying to determine the length of the impulse noise, e.g., R=0 
and D=1. Disabling the FEC and interleaving is beneficial 
when trying to determine the length of the impulse noise 
based on affected bits, affected code words, or affected pack 
ets. This is the case because if the FEC/interleaving is 
enabled, the impulse event can be spread over a large time 
period which makes it more difficult to determine the length 
of the original impulse. 
0130. The exemplary methodology discussed above can 
also be used to determine the length of the impulse event 
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using other metrics. For example, a predefined bit pattern 
could be used in the payload of the ATM cells or the 64/65 
packets. Idle packets or cells, which carry a predefined pat 
tern, could also be used. In these cases, the receiver would 
compare the received data to the predefined data to determine 
the length of the impulse or to determine if an INP setting is 
adequate. Alternatively, the CRC of the ATM cell or 64/65 
packet could be used to determine the length of the impulse 
noise. This would provide a courser measurement of the 
impulse noise length since it would be an integer number of 
packets or cells. In this example, a 700 bit impulse would 
cause CRC errors in two ATM cells so the length of the 
impulse noise would be two ATM cells, as opposed to the 
more precise measurement of 1.64 above. Likewise, in this 
example, a 700 bit impulse would cause CRC errors in two 
64/65 packets so the length of the impulse noise would betwo 
packets, as opposed to the more precise measure of 1.35 
above. 

I0131 Likewise, a predefined bit pattern could also be used 
to modulate the carriers in the DMT symbols so that the 
receiver would know what DMT symbols were transmitted. 
In this case, the receiver 200 would determine how many 
DMT symbols were corrupted by comparing the received 
signal with a known transmitted signal. 
0.132. The exemplary techniques used to determine the 
length of the impulse noise event could also be extended to 
determine the repetition rate of the impulse noise event in 
cooperation with the impulse noise period determination 
module 250. In order to determine the repetition period of an 
impulse noise event, the receiver 200 detects the impulse 
noise event as discussed above and then determines how often 
they occur. For example, periodic impulse noise due to AC 
power lines occur at 120 HZ reception rates or approximately 
every 8 ms. The receiver 200 could, for example, also store 
information about past impulse noise events and compare 
detected impulse noise events to historical events. The 
impulse noise period determination module 250 could then 
determine which events of a similar duration are occurring at 
what interval. This information could then be used in deter 
mining an appropriate INP setting. 
I0133) Once the receiver 200 determines the (maximum) 
length of the impulse and/or the repetition period of the 
impulse, the information, with the cooperation of the message 
module 290 can be sent to the transmitting modem. For 
example, when the receiving modem 200 determines the 
(maximum) length of the impulse and/or the repetition period 
of the impulse, the impulse noise period determination mod 
ule 250, in cooperation with the message module 290 can 
forward information to the transmitting modem that quanti 
fies this period. The transmitting modem 300 could provide 
this information to, for example, the management module 
310, that would allow, for example, an operator or service 
provider to configure the modems. For example, based on the 
period information contained in the message, the operator 
may configure the modems to different INP values, data rates, 
latency, or the like. 
I0134) The receiver 200 could also test a specific INP set 
ting by detecting how many received bits are errored in a 
specific time period. For example, if the specific INP setting 
enables the correction of 100 bits in an 8 msec. time period 
then the receiver 200 could detect how many bits are errored 
in a sliding 8 msec. window. If less than 100 bits are detected 
in error in the 8 ms sliding window, then the INP setting is 
adequate. 
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0135) If more than 100 bits are detected in error in a sliding 
window, then the INP setting is not adequate, and the FEC/ 
interleaving needs to be changed to provide more error cor 
rection capability. 
0136. Likewise, instead of using the received number of 

bits that are effected by the impulse noise, the receiver could 
test a specific INP setting by detecting how many received 
ATM cells, 64/65 packets, DMT symbols, and/or FEC cor 
rections are affected in a specific time period. 
0.137 FIG.3 outlines an exemplary method for perform 
ing impulse noise protection adaptation during Showtime 
according to this invention. In particular, control begins in 
step S300 and continues to step S310. In step S310, traditional 
DSL initialization occurs. Next, in step S320, Showtime is 
entered between the two modems using the first FIP setting 
that was determined during the initialization in step S310. 
Then, in step S330, a determination is made whether biterrors 
are occurring using the first FIP setting. If bit errors are not 
occurring, control continues to step S340 where the control 
sequence ends. Otherwise, control jumps to step S350. 
0.138. In step S350, a determination is made that an 
increase of the INP setting is required that requires modifica 
tion of the FIP parameters. Next, in step S360, updated INP 
parameter is determined and a message forwarded to the 
receiver specifying the new INP setting. Then, in step S370, 
the receiver forwards to the transmitter updated FIP param 
eters for the new impulse noise protection requirements. Con 
trol then continues to step S380. 
0139. In step S380, the transmitter and receiver transition 
to using the updated INP parameters at a synchronization 
point. Next, in step S390 Showtime operation continues. 
Control then continues back to step S330. 
0140 FIG. 4 outlines an exemplary method for receiver 
optimized impulse noise protection adaptation during Show 
time. In particular, control begins in step S400 and continues 
to step S410. In step S410, the DSL system completes regular 
initialization. In particular, control begins in step S400 and 
continues to step S410. In step S410, the DSL system com 
pletes startup initialization and continues into Showtime in 
step S420 using a first FIP setting. Control then continues to 
step S430 where a determination is made whether bit errors 
are occurring using the first FIP setting. If bit errors are not 
occurring, control continues to step S440 where the control 
sequence ends. 
0141. Otherwise, control jumps to step S450 where the 
receiver increases the impulse noise protection by modifying 
the FIP parameters. Next, in step S460, a synchronization 
point is determined between the transmitter and receiver, and 
when the synchronization point is reached both the transmit 
ter and the receiver transition to the updated FIP setting in step 
S470 and Showtime communications continue and control 
returns back to step S430. 
0142 FIG. 5 illustrates an exemplary method for synchro 
nization of the modified FEC and interleaving parameters 
according to this invention. In particular, control begins in 
step S500 and continues to step S510. In step S510, the 
transmitter enters Showtime and counts the number of trans 
mitted FEC codewords. Next, in step S520, the receiver enters 
Showtime and counts the number of received FEC code 
words. Then, in step S530, after a determination is made that 
an updated FIP setting is needed, the receiving modem sends 
a message to the transmitting modem indicating a new FIP 
setting that is to be used for transmitting and reception or, 
alternatively, the transmitting modem sends a message to the 
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receiving modem indicating the new FIP setting to be used for 
transmission and reception. Control then continues to step 
SS4O. 
0143. In step S540, a message with the FEC codeword 
counter value on which the new FIP values are to be used is 
exchanged. Next, in step S550, a determination is made 
whether the counter value has been reached at the transmitter. 
If the counter value has not been reached, the next codeword 
is counted in step S560 and control continues back to step 
S550. 
0144. Otherwise, if the counter value has been reached, 
control jumps to step S570. In step S570, the transmitter 
transitions to the new FIP setting. Next, in step S580, a deter 
mination is made whether the counter value has been reached 
at the receiving modem. If the counter value has not been 
reached, the next received FEC codeword is counted in step 
S585 and control continues back to step S580. However, 
when the counter value has been reached in the receiving 
modem, control jumps to step S590 where the receiving 
modem switches to the new FIPvalue. Control then continues 
to step S595 where the modems continue Showtime commu 
nication and control continues to step S597 where the control 
sequence ends. 
0145 FIG. 6 illustrates an exemplary method of synchro 
nization using a flag signal according to this invention. In 
particular, control begins in step S600 and continues to step 
S610. In step S610, the modems enter Showtime using the 
first FIP parameters. Next, in step S620, a message is 
exchanged indicating the new FIP settings. Then, in step 
S630, the transmitter forwards to the receiver a flag signal 
indicating when the new FIP settings are to be used. 
0146. At step S640, and at a predefined change time fol 
lowing the transmission of the flag signal, the transmitter 
begins transmission using the new FIP parameters. Next, at 
step S650, at the predefined change time following the recep 
tion of the flag signal, the receiver commences reception 
utilizing the new FIP parameters. Control then continues to 
step S660 where Showtime communication continues with 
the control sequence ending at step S670. 
0147 FIG. 7 illustrates an exemplary method of impulse 
noise length and period determination. In particular, control 
begins in step S700 and continues to step S710. In step S710, 
the transmitter transmits data using at least one Showtime 
function. Next, in step S720, the receiver receives data using 
at least one Showtime function. Then, in step S730, the trans 
mitter transmits predefined information to the receiver. Con 
trol then continues to step S740. 
(0.148. In step S740, the receiver receives the predefined 
information from the transmitter. Next, in step S750, the 
receiver compares the received predefined information to the 
predefined information and determines the differences (i.e., 
errors) between the two. Then, in step S760, and based on the 
detected errors, the length of the burst error is determined. 
Next, in step S770, a message is forwarded to the transmitter 
indicating the length of the impulse noise event. Control then 
continues to step S780 where a determination is made 
whether the period of the impulse noise event is also to be 
determined. If the period is not to be determined, control 
continues to step S790 where the control sequence ends. 
Otherwise, control jumps to step S800. 
0149. In step S800, and once the length of the impulse 
noise event is know, the receiver detects how often the 
impulse noise events occur. For example, historical informa 
tion regarding the length and timing of previous impulse 
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noise events can be stored in a memory (not shown). Then, a 
comparison can be made with the aid of a processor (not 
shown) to compare an impulse noise event to the historical 
information to determine the period of repetition (if any) of 
similar impulse noise events and, for example, a message 
indicating the period as well as the timing forwarded to, for 
example, another transceiver, the CO, or in general any des 
tination as appropriate. Thus, in a similar manner, this infor 
mation can be forwarded in step S810 to, for example, the 
transmitter in a message specifying the repetition frequency 
of the impulse noise event. Control then continues to step 
S820 where the control sequence ends. 
0150. The above-described system can be implemented on 
wired and/or wireless telecommunications device(s). Such a 
modem, a multicarrier modem, a DSL modem, an ADSL 
modem, an xDSL modem, a VDSL modem, a linecard, test 
equipment, a multicarrier transceiver, a wired and/or wireless 
wide/local area network system, a satellite communication 
system, a modem equipped with diagnostic capabilities, or 
the like, or on a separate programmed general purpose com 
puter having a communications device. 
0151. Additionally, the systems, methods and protocols of 

this invention can be implemented on a special purpose com 
puter, a programmed microprocessor or microcontroller and 
peripheral integrated circuit element(s), an ASIC or other 
integrated circuit, a digital signal processor, a hard-wired 
electronic or logic circuit Such as discrete element circuit, a 
programmable logic device such as PLD, PLA, FPGA, PAL, 
modem, transmitter/receiver, or the like. In general, any 
device capable of implementing a state machine that is in turn 
capable of implementing the methodology illustrated herein 
can be used to implement the various communication meth 
ods, protocols and techniques according to this invention. 
0152. Furthermore, the disclosed methods may be readily 
implemented in Software using object or object-oriented Soft 
ware development environments that provide portable source 
code that can be used on a variety of computer or workstation 
platforms. Alternatively, the disclosed system may be imple 
mented partially or fully in hardware using standard logic 
circuits or VLSI design. Whether software or hardware is 
used to implement the systems in accordance with this inven 
tion is dependent on the speed and/or efficiency requirements 
of the system, the particular function, and the particular soft 
ware or hardware systems or microprocessor or microcom 
puter systems being utilized. The communication systems, 
methods and protocols illustrated herein however can be 
readily implemented in hardware and/or Software, or any 
means, using any known or later developed systems or struc 
tures, devices and/or software by those of ordinary skill in the 
applicable art from the functional description provided herein 
and with a general basic knowledge of the computer and 
telecommunications arts. 

0153. Moreover, the disclosed methods may be readily 
implemented in Software, that can be stored on a storage 
medium, and executed on programmed general-purpose com 
puter, a special purpose computer, a microprocessor, or the 
like. In these instances, the systems and methods of this 
invention can be implemented as a program embedded on 
personal computer Such as JAVAR) or CGI script, as a resource 
residing on a server or computer workstation, as a routine 
embedded in a dedicated communication system or system 
component, or the like. The system can also be implemented 
by physically incorporating the system and/or method into a 
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Software and/or hardware system, such as the hardware and 
Software systems of a communications transceiver. 
0154 It is therefore apparent that there has been provided, 
in accordance with the present invention, systems and meth 
ods for impulse noise adaptation. While this invention has 
been described in conjunction with a number of embodi 
ments, it is evident that many alternatives, modifications and 
variations would be or are apparent to those of ordinary skill 
in the applicable arts. Accordingly, it is intended to embrace 
all such alternatives, modifications, equivalents and varia 
tions that are within the spirit and scope of this invention. 

1-92. (canceled) 
93. A multicarrier transceiver comprising: 
a controller operable to determine at least one forward error 

correction parameter value based on: 
both a first impulse noise protection value associated 

with a repetition period of electrical impulse noise, 
and 

a second impulse noise value associated with a length of 
impulse noise; 

a transmitter operable to transmit the at least one forward 
error correction parameter value in a first message, 

wherein the at least one forward error correction parameter 
value is a Reed Solomon (RS) Coding parameter value 
or an interleaver parameter value. 

94. The transceiver of claim 93, wherein the transceiver is 
further operable to measure the first impulse noise protection 
value and the second impulse noise value during initializa 
tion. 

95. The transceiver of claim 93, wherein the transceiver is 
further operable to measure the first impulse noise protection 
value and the second impulse noise value during Showtime. 

96. The transceiver of claim 93, wherein the transceiver is 
operable to transmit or receive a second message comprising 
the first impulse noise protection value. 

97. The transceiver of claim 93, wherein the transceiver is 
operable to transmit or receive a second message comprising 
the second impulse noise protection value. 

98. The transceiver of claim 93, wherein the at least one RS 
coding parameter value is a RS codeword size. 

99. The transceiver of claim 93, wherein the at least one RS 
coding parameter value is a number of RS codeword parity 
bytes. 

100. The transceiver of claim 93, wherein the at least one 
interleaver parameter value is an interleaver depth. 

101. The transceiver of claim 93, wherein the transceiver 
includes at least one digital signal processor. 

102. The transceiver of claim 93, wherein the transceiver 
includes at least one Application-Specific Integrated Circuit 
(ASIC). 

103. The transceiver of claim 93, further comprising con 
nected elements including two or more of a decoder, a 
deinterleaver, a Bit Error Rate detection module, a FEC and 
Interleaving Parameter module, an impulse noise length 
determination module, an impulse noise period determina 
tion module, an impulse noise parameter management mod 
ule, an impulse noise protection adaptation module, a sync 
module, a message module, a controller, a memory, a digital 
signal processor and an ASIC. 



US 2016/O127079 A1 

104. A method, in a multicarrier transceiver, the method 
comprising: 

determining at least one forward error correction param 
eter value based on: 
both a first impulse noise protection value associated 

with a repetition period of electrical impulse noise, 
and 

a second impulse noise value associated with a length of 
impulse noise; and 

transmitting the at least one forward error correction 
parameter value in a first message, 

wherein the at least one forward error correction parameter 
value is a Reed Solomon (RS) Coding parameter value 
or an interleaver parameter value. 

105. The method of claim 104, further comprising measur 
ing the first impulse noise protection value and the second 
impulse noise value during initialization. 
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106. The method of claim 104, further comprising measur 
ing the first impulse noise protection value and the second 
impulse noise value during Showtime. 

107. The method of claim 104, further comprising trans 
mitting or receiving a second message comprising the first 
impulse noise protection value. 

108. The method of claim 104, further comprising trans 
mitting or receiving a second message comprising the second 
impulse noise protection value. 

109. The method of claim 104, wherein the at least one RS 
coding parameter value is a RS codeword size. 

110. The method of claim 104, wherein the at least one RS 
coding parameter value is a number of RS codeword parity 
bytes. 

111. The method of claim 104, wherein the at least one 
interleaver parameter value is an interleaver depth. 

k k k k k 


