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(57) ABSTRACT 

A modem for use in Digital Subscriber Line communica­
tions transmits and receives data over the local subscriber 
loop in common with voice information over the loop, while 
avoiding the need for voice/data splitters. The modem 
responds to disruptions associated with "disturbance events" 
such as on-hook to off-hook transitions and the like by 
rapidly switching between pre-stored channel parameter 
control sets defining communications over the loop under 
varying conditions. In addition to changing parameter con­
trol sets responsive to a disturbance event, the modem may 
also change transmission power levels and other system 
parameters such as frequency domain equalizer character­
istics. Further, provisions are made for reduced bandwidth 
communications under selected conditions. 
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SPLITTERLESS MULTICARRIER MODEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of U.S. 
patent application Ser. No. 10/189,212, filed Jul. 5, 2002, 
which is a divisional application of U.S. patent application 
Ser. No. 09/573,816, filed May 17, 2000, now U.S. Pat. No. 
6,549,520, which is a continuation of U.S. patent application 
Ser. No. 09/485,614, filed on Feb. 11, 2000, now U.S. Pat. 
No. 6,266,348, which is a national stage application under 
35 U.S.C. § 371 of International Application No. PCT/ 
US98/21442, filed on Oct. 9, 1998, which claims priority to 
the following Provisional Applications: 

[0002] U.S. Provisional Patent Application Serial No. 
60/061,689, filed Oct. 10, 1997 by Richard Gross, John 
Greszcuk, Dave Krinsky, Marcos Tzannes, and Michael 
Tzannes and entitled "Splitterless Multicarrier Modulation 
For High Speed Data Transport Over Telephone Wires"; 

[0003] U.S. Provisional Patent Application Serial No. 
60/071,701 filed Jan. 16, 1998 by Richard Gross and 
Michael Tzannes and entitled "Dual Rate Multicarrier 
Transmission System in a Splitterless Configuration"; 

[0004] U.S. Provisional Patent Application Serial No. 
60/072,986 filed Jan. 21, 1998 by Richard Gross, Marcos 
Tzannes and Michael Tzannes and entitled "Dual Rate 
Multicarrier Transmission System In A Splitterless Configu­
ration", and 

[0005] U.S. Provisional Patent Application Serial No. 
60/072,450 filed Jan. 26, 1998 by Richard Gross, Marcos 
Tzannes and Michael Tzannes and entitled "Multicarrier 
System With Dynamic Power Levels". 

[0006] The disclosures of these applications are incorpo­
rated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

[0007] 1. Field of the Invention 

[0008] The invention relates to telephone communication 
systems and, more particularly, to telephone communication 
systems which utilize discrete multitone modulation to 
transmit data over digital subscriber lines. 

[0009] 2. Prior Art 

[0010] The public switched telephone network (PSTN) 
provides the most widely available form of electronic com­
munication for most individuals and businesses. Because of 
its ready availability and the substantial cost of providing 
alternative facilities, it is increasingly being called upon to 
accommodate the expanding demands for transmission of 
substantial amounts of data at high rates. Structured origi­
nally to provide voice communication with its consequent 
narrow bandwidth requirements, the PSTN increasingly 
relies on digital systems to meet the service demand. 

[0011] A major limiting factor in the ability to implement 
high rate digital transmission has been the subscriber loop 
between the telephone central office (CO) and the premises 
of the subscriber. This loop most commonly comprises a 
single pair of twisted wires which are well suited to carrying 
low-frequency voice communications for which a band­
width of 0-4 kHz is quite adequate, but which do not readily 
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accommodate broadband communications (i.e., bandwidths 
on the order of hundreds of kilohertz or more) without 
adopting new techniques for communication. 

[0012] One approach to this problem has been the devel­
opment of discrete multitone digital subscriber line (DMT 
DSL) technology an its variant, discrete wavelet multitone 
digital subscriber line (DWMT DSL) technology. These and 
other forms of discrete multitone digital subscriber line 
technology (such as ADSL, HDSL, etc.) will commonly be 
referred to hereinafter generically as "DSL technology" or 
frequently simply as "DSL". The operation of discrete 
multitone systems, and their application to DSL technology, 
is discussed more fully in "Multicarrier Modulation For 
Data Transmission: An Idea Whose Time Has Come.", IEEE 
Communications Magazine, May, 1990, pp. 5-14. 

[0013] In DSL technology, communications over the local 
subscriber loop between the central office and the subscriber 
premises is accomplished by modulating the data to be 
transmitted onto a multiplicity of discrete frequency carriers 
which are summed together and then transmitted over the 
subscriber loop. Individually, the carriers form discrete, 
non-overlapping communication subchannels of limited 
bandwidth; collectively, they form what is effectively a 
broadband communications channel. At the receiver end, the 
carriers are demodulated and the data recovered from them. 

[0014] The data symbols that are transmitted over each 
subchannel carry a number of bits that may vary from 
subchannel to subchannel, dependent on the signal-to-noise 
ratio (SNR) of the subchannel. The number of bits that can 
accommodated under specified communication conditions is 
known as the "bit allocation" of the subchannel, and is 
calculated for each subchannel in a known manner as a 
function of the measured SNR of the subchannel and the bit 
error rate associated with it. 

[0015] The SNR of the respective subchannels is deter­
mined by transmitting a reference signal over the various 
subchannels and measuring the SNR's of the received 
signals. The loading information is typically calculated at 
the receiving or "local" end of the subscriber line ( e.g., at the 
subscriber premises, in the case of transmission from the 
central telephone office to the subscriber, and at the central 
office in the case of transmission from the subscriber pre­
mises to the central office) and is communicated to the other 
(transmitting or "remote") end so that each transmitter­
receiver pair in communication with each other uses the 
same information for communication. The bit allocation 
information is stored at both ends of the communication pair 
link for use in defining the number of bits to be used on the 
respective subchannels in transmitting data to a particular 
receiver. Other subchannel parameters such as subchannel 
gains, time and frequency domain equalizer coefficients, and 
other characteristics may also be stored to aid in defining the 
subchannel. 

[0016] Information may, of course, be transmitted in either 
direction over the subscriber line. For many applications, 
such as the delivery of video, internet services, etc. to a 
subscriber, the required bandwidth from central office to 
subscriber is many times that of the required bandwidth 
from subscriber to central office. One recently developed 
service providing such a capability is based on discrete 
multitone asymmetric digital subscriber line (DMT ADSL) 
technology. In one form of this service, up to two hundred 
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and fifty six subchannels, each of 4312.5 Hz bandwidth, are 
devoted to downstream (from central office to subscriber 
premises) communications, while up to thirty two subchan­
nels, each also of 4312.5 Hz bandwidth, provide upstream 
(from subscriber premises to central office) communica­
tions. Communication is by way of "frames" of data and 
control information. In a presently-used form of ADSL 
communications, sixty eight data frames and one synchro­
nization frame form a "superframe" that is repeated through­
out the transmission. The data frames carry the data that is 
to be transmitted; the synchronization or "sync" frame 
provides a known bit sequence that is used to synchronize 
the transmitting and receiving modems and that also facili­
tates determination of transmission subchannel characteris­
tics such as signal-to-noise ratio ("SNR"), among others. 

[0017] Although such systems do in fact provide a sig­
nificantly increased bandwidth for data communications, 
special precautions are required to avoid interference with, 
and from, ordinary voice communications and associated 
signaling that may be taking place over the subscriber line 
at the same time that the broadband data is being carried. 
The signaling activities commonly include, for example, the 
transmission of ringing signals, busy tone, off-hook indica­
tions, on-hook indications, dialing signals, and the like, and 
the actions commonly accompanying them, e.g., taking the 
phone off-hook, replacing it on-hook, dialing, etc. These 
voice communications and their associated signaling, com­
monly referred to as "plain old telephone service" or POTS, 
presently are isolated from the data communications by 
modulating the data communications onto frequencies that 
are higher than those used for POTS; the data communica­
tions and POTS signals are thereafter separately retrieved by 
appropriate demodulation and filtering. The filters which 
separate the data communications and the POTS are com­
monly referred to as "POTS splitters". 

[0018] The voice and data communications must be sepa­
rated at both the central office and the subscriber premises, 
and thus POTS splitters must be installed at both locations. 
Installation at the central office is generally not a significant 
problem, since a single modem at the central office can serve 
a large number of subscribers, and technicians are com­
monly available there. Installation at the customer premises 
is a problem. Typically, a trained technician must visit the 
premises of every subscriber who wishes to use this tech­
nology in order to perform the requisite installation. In 
connection with this, extensive rewiring may have to be 
done, dependent on the desired location of the ADSL 
devices. This is expensive and discourages the use of DSL 
technology on a widespread basis. 

[0019] DSL systems also experience disturbances from 
other data services on adjacent phone lines (such as ADSL, 
HDSL, ISDN, or Tl service). These services may com­
mence after the subject ADSL service is already initiated 
and, since DSL for internet access is envisioned as an 
always-on service, the effect of these disturbances must be 
ameliorated by the subject ADSL transceiver. 

SUMMARY OF THE INVENTION 

Objects of the Invention 

[0020] Accordingly, it is an object of the invention to 
provide an improved digital subscriber line communication 
system. 

2 
May 6, 2004 

[0021] Further, it is an object of the invention to provide 
a digital subscriber line communication system which is 
compatible with existing voice communication services and 
which does not require the use of POTS splitters. 

[0022] Another object of the invention is to provide an 
improved digital subscriber line communication system that 
efficiently handles data communications despite random 
interruptions associated with concurrent carriage of voice 
communications or disturbances that arise from concurrent 
data services on adjacent phone lines. 

Summary Description of the Invention 

[0023] Splitterless Operation 

[0024] The invention described herein is directed to 
enhancing the accuracy and reliability of communications in 
systems using discrete multitone technology (DMT) to com­
municate data over digital subscriber lines (DSL) in the 
presence of voice communications and other disturbances. 
For simplicity of reference, the apparatus and method of the 
present invention will hereinafter be referred to collectively 
simply as a modem. One such modem is typically located at 
a customer premises such as a home or business and is 
"downstream" from a central office with which it commu­
nicates; the other is typically located at the central office and 
is "upstream" from the customer premises. Consistent with 
industry practice, the modems are often referred to herein as 
"ATU-R" ("ADSL Transceiver Unit, Remote", i.e., located 
at the customer premises) and "ATU-C" ("ADSL Trans­
ceiver Unit, Central Office"). Each modem includes a trans­
mitter section for transmitting data and a receiver section for 
receiving data, and is of the discrete multitone type, i.e., it 
transmits data over a multiplicity of subchannels of limited 
bandwidth. Typically, the upstream or ATU-C modem trans­
mits data to the downstream or ATU-R modem over a first 
set of subchannels, commonly the higher-frequency sub­
channels, and receives data from the downstream or ATU-R 
modem over a second, usually smaller, set of subchannels, 
commonly the lower-frequency subchannels. 

[0025] Heretofore, such modems have required POTS 
splitters when used on lines carrying both voice and data. In 
accordance with the present invention, we provide a data 
modem for use in discrete multi tone communication systems 
which carry voice and data communications simultaneously 
and which operate without the special filtering provided by 
POTS splitters; they are thus "splitterless" modems. In the 
absence of certain disturbances, referred to herein as "dis­
turbance events" and discussed more fully hereinafter, the 
modem of our invention transmits data at a rate determined 
by the transmission capabilities of the system without regard 
to such disturbances. Preferably, this is the maximum data 
rate that can be provided for the particular communications 
subchannel, subject to predefined constraints such as maxi­
mum bit error rate, maximum signal power, etc. that may be 
imposed by other considerations. On the occurrence of a 
disturbance event on the communications channel, however, 
the modem of the present invention detects the event and 
thereupon modifies the subsequent communication opera­
tions. Among other responses, the modem changes the bit 
allocations ( and thus possibly the corresponding bit rate) and 
the subchannel gains among the subchannels, so as to limit 
interference with and from voice communication activities 
or to compensate for disturbances from other services or 
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sources sufficiently close to the subject subscriber line as to 
couple interfering signals into the line. The bit allocations 
and subchannel gains may be altered for communications in 
either direction, i.e., upstream, downstream, or both. Effec­
tively, this matches the subchannel capacity to the selected 
data rate so as to ensure that the pre-specified bit error rate 
is not exceeded. On cessation of the disturbance event, the 
system is returned to its initial, high-rate, state. 

[0026] Disturbance Events 

[0027] Of particular interest to the present invention are 
disturbance events that arise from the occurrence of voice 
communication activities over the data link concurrent with 
the transmission of data over the link. These activities 
comprise the voice communications themselves, or activities 
such as signaling associated with such communications, 
together with the response to such activities, such as taking 
a phone off-hook or placing it on-hook. Disturbance events 
also include other disruptive disturbances such as interfer­
ence from adjacent phone lines caused, for example, by the 
presence of other DSL services, ISDN services, Tl services, 
etc. The cessation of a disturbance event may itself also 
comprise a disturbance event. For example, the change of a 
voice communications device such as a telephone from 
"on-hook" to "off-hook" status can seriously disrupt com­
munications at a modem unless compensated for as 
described herein or unless otherwise isolated from the 
modem by means of a POTS splitter as was heretofore done; 
it is thus a disturbance event that must be dealt with. 
However, the return of such a device to "on-hook" status can 
also significantly change the channel characteristics and is 
therefore also a disturbance event that must be dealt with. 
The invention described herein efficiently addresses these 
and other disturbance events. 

[0028] Channel Control Parameter Sets 

[0029] In accordance with the present invention, the 
change in bit allocation is accomplished rapidly and effi­
ciently by switching between stored parameter sets which 
contain one or more channel control parameters that define 
data communications by the modem over the subchannels. 
The parameters sets are preferably determined at the time of 
initialization of the modem and stored in registers or other 
memory (e.g., RAM or ROM) in the modem itself, but may 
instead be stored in devices external to, and in communi­
cation with, the modem, e.g., in personal computers, on disk 
drives etc. 

[0030] In accordance with one embodiment of this inven­
tion, the channel control parameter sets comprise at least a 
primary set of channel control parameters, stored in a 
primary channel control table, which defines communica­
tions in the absence of voice communication activities or 
other disturbances; and one or a plurality of secondary sets 
of channel control parameters, stored in a secondary channel 
control table, that define data communications responsive to 
one or more disturbance events. When communicating 
under control of the primary channel control table, the 
modem is described hereinafter as being in its "primary" 
state; when communicating under control of the secondary 
channel control table, the modem is described hereinafter as 
being in its "secondary" state. The modem is switched 
between parameter sets in its primary secondary states 
responsive to the occurrence and cessation of disturbance 
events, as well as among parameter sets in the secondary 
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table responsive to a change from one disturbance event to 
another. Since the parameter sets are pre-stored and thus 
need to be exchanged at the time of a disturbance event, the 
switch is made quickly, limited essentially only by the speed 
with which the disturbance event is detected and signaled to 
the other modem participating in the communication, typi­
cally not more than a second or so. This greatly reduces the 
interruption in communications that would otherwise be 
required by a complete reinitialization of the modems that 
typically extends over six to ten seconds, and its associated 
exchange channel control parameters. 

[0031] As noted previously, in DSL communications, 
information transmission typically takes place in both direc­
tions, i.e. the upstream or ATU-C modem transmits down­
stream to the ATU-R modem over a first set of subchannels, 
and the downstream or ATU-R modem transmits upstream to 
the ATU-C modem over a second, different, set of subchan­
nels. The transmitter and receiver at each modem, accord­
ingly, maintain corresponding channel tables to be used by 
them in transmitting data to, and receiving data from, the 
other modem with which it forms a communications pair. 
Certain parameters such as time and frequency domain 
equalizer coefficients and echo canceller coefficients are 
"local" to the receiver with which they are associated, and 
thus need to be maintained only at that receiver. Other 
parameters such as bit allocations and channel gains are 
shared with the other modem with which a given modem is 
in communication (the "modem pair") and thus are stored in 
both modems, so that during a given communication ses­
sion, the transmitter of one modem will use the same set of 
values of a shared parameter as the receiver of the other 
modem, and vice versa. 

[0032] In particular, in DSL communications, a key 
parameter is the number of bits that are to be transmitted 
over the various subchannels. This is known as the "bit 
allocation" for the respective subchannels, and is a key 
element of the primary and secondary parameter sets. It is 
calculated in a known manner for each subchannel based on 
the channel SNR, the acceptable bit error rate, and the noise 
margin of the subchannel. Another important element is the 
gain for each of the subchannels, and is thus preferably also 
included in the primary and secondary parameter sets. Thus, 
each receiver stores a primary channel control table and a 
secondary channel control table, each of which contains one 
or more parameter sets that define the subchannel bit allo­
cations to be used by it and by the transmitter of the other 
modem in communicating with it, and each transmitter also 
stores a primary channel control table and a secondary 
channel control table, each of which define the subchannel 
bit allocations and gains to be used by it for transmission to 
the other receiver and for reception at that receiver. For the 
closest match to the actual line over which they are to 
communicate, those portions of the primary and secondary 
channel control table at each receiver that define the param­
eters for use in transmitting to the particular receiver are 
preferably determined at the modem at which the receiver is 
located (the "local modem"), as described herein, but it will 
be understood from the detailed description herein that such 
tables may also be determined in other ways. 

[0033] As long as communications over the subscriber line 
are not impaired by a disturbance event, the modems use the 
primary channel control table to define communications 
over the subchannels. When, however, a disturbance event 
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occurs, the modem that detects the event (herein designated 
"the local modem"; typically, this will be the subscriber 
modem, ATU-R, particularly in cases of activation of a voice 
communications device by the subscriber) notifies the other 
modem of the need to change to the secondary channel 
control table, and identifies the specific bit allocation set 
and/or gain set in the secondary table when more than one 
such set exists. The notification procedure is described in 
more detail hereinafter. Communications thereafter continue 
in accordance with the appropriate parameter set (i.e., bit 
allocations, subchannel gains, and possibly other param­
eters) from the secondary channel control table. This con­
dition continues until a new disturbance event is detected, at 
which time the modems revert to the primary channel 
control table (in the event the disturbance is simply the 
cessation of communication-disrupting disturbances or 
interferences) or to a different parameter set secondary 
channel control table (in the event that the disturbance event 
is the occurrence of another communication-disrupting dis­
turbance or interference). 

[0034] In addition to changes in bit allocation among the 
subchannels, and changes in subchannel gains, further 
changes may also be made in such communication param­
eters as time domain equalizer coefficients, frequency 
domain equalizer coefficients, and the like. These param­
eters may also be stored in the channel control tables for use 
in controlling communications, or may be stored in separate 
tables. Additionally, changes in power level (and corre­
sponding changes in bit allocation and other communication 
parameters) for communications in either the upstream or 
the downstream direction, or both, may be made, and sets of 
control parameters may be defined on these power levels as 
well for use in controlling communications. These changes 
are described in fuller detail below. 

[0035] As presently contemplated, each modem on the 
subscribed side of the DSL line will communicate with a 
corresponding dedicated modem on the central office side. 
Thus, each central office modem (ATU-C) need store the 
primary and secondary tables for a specific subscriber only. 
However, efficiencies may be achieved whenever it is unnec­
essary to provide service to each subscriber at all times. 
Under these circumstances, a central office modem may be 
shared among two or more subscribers, and switched among 
them as called for. In such a case, the ATU-C will store or 
have access to a set of channel control tables for each 
subscriber modem it is to service. 

[0036] Table Initialization 

[0037] In the preferred embodiment of the invention, the 
primary and secondary channel control tables are deter­
mined in an initial "training" session ("modem initializa­
tion") in which known data is transmitted by one modem, 
measured on reception by the other, and the tables calculated 
based on these measurements. Typically, the training session 
occurs when the modem is first installed at the subscriber 
premises or at the central office, and the procedures thus 
"particularizes" the modem to the environment in which it 
will operate. This environment includes, in addition to the 
subject data modem, one or more voice communication 
devices such as telephone handsets, facsimile machines, and 
other such devices which communicate over a voice fre­
quency subchannel, typically in the range 0-4 kHz. A 
primary channel control table, comprising a parameter set 
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including at least a set of subchannel bit allocations, and 
preferably also subchannel gains, is calculated with each 
device inactive. A secondary channel control table compris­
ing one or more bit communication parameter sets (bit 
allocations, gains, etc.) is calculated with each voice com­
munication device activated separately, and/or with groups 
of devices activated concurrently. The tables so determined 
are then stored at the receiver of one modem and addition­
ally are communicated to the transmitter of the other modem 
and stored there for use by both modems in subsequent 
communications. 

[0038] An alternative approach determines the secondary 
channel control table (including one or more parameter sets 
comprising the table) by calculation from the primary chan­
nel control table. This is accomplished most simply, for 
example, by taking one or more of the parameters (e.g., the 
bit allocation parameter which defines the number of bits to 
be used for communication across the respective subchan­
nels) as a percentage, fixed or varying across the subchan­
nels, of the corresponding primary parameters; or as deter­
mined in accordance with a percentage, fixed or varying 
across the subchannels of the SNR's of the respective 
subchannels; or as determined in accordance with a different 
bit error rate than provided for in the primary channel 
control table; or by other techniques. 

[0039] As a specific example, a number of different sets of 
bit allocations in the secondary channel control table may be 
determined as differing percentages (fixed or varying across 
the subchannels) of the corresponding set of bit allocations 
in the primary channel control table. Each secondary bit 
allocation set corresponds to the effect commonly produced 
by a particular device or class of devices, e.g., a telephone 
handset, a facsimile machine, etc., as determined by 
repeated measurements on such devices, and thus may be 
taken to represent the expected effect of that device over a 
range of communication conditions, e.g., with a particular 
type of subscriber line wiring, at a given range from the 
central office, etc. The subchannel gains may also then be 
adjusted based on the redetermined bit allocations. The bit 
allocations and subchannel gains so determined form new 
secondary parameter sets which may be used responsive to 
detection of the disturbance events they characterize, and 
which substitute for determination of the secondary bit 
allocations and gains on the basis of measurements of the 
actual disturbances being compensated for. 

[0040] Alternatively, the secondary channel control table 
may be determined by adding a power margin to the 
calculations for each of the entries of the primary table of a 
magnitude sufficient to accommodate the interference from 
activation of the voice communications device or from other 
disturbances. This has the effect of reducing the constella­
tion size for the table entries. The margin may be uniform 
across the table entries, or may vary across them, as may the 
percentage factor when that approach is used. Multiple 
secondary bit allocation sets may be defined by this 
approach, each based on a different power margin. 

[0041] One example of the use of varying margins is in 
response to changes in crosstalk ( capacitively coupled noise 
due to nearby xDSL users, where the "x" indicates the 
possible varieties of DSL such as ADSL, HDSL, etc.). This 
crosstalk is, in general, more predictable than signaling 
events associated with voice communications. The crosstalk 
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spectrum of xDSL sources is well characterized: see for 
example, the Tl 413 ADSL standard Published by the 
American National Standards Institute. From a primary 
channel control table associated with a single full initializa­
tion, a secondary table comprising a family of bit allocation 
sets can be calculated, each corresponding to a different 
crosstalk level. As the number of xDSL systems ( and thus 
crosstalk levels) changes, the ADSL link can quickly switch 
to one of these automatically generated sets. 

[0042] The secondary channel control table in the present 
invention may also be adapted dynamically, e.g., by per­
forming measurements on the transmitted information in 
each superframe during data communications and monitor­
ing these measurements to determine when the channel 
performance has sufficiently changed that a different bit 
allocation set, and possibly different gain set, should be 
used. We have found that the SNR provides a readily 
measurable and reliable indicator of the required bit alloca­
tions and gains. 

[0043] In particular, we have found that measurements of 
the SNR levels across a number of the subchannels during 
a given communications condition or state provides a "fin­
gerprint" which may reliably be used to quickly select a 
parameter set, such as the set of bit allocations or the set of 
gains, for use in subsequent communications during that 
state. These measurements may be made, for example, on 
the sync frame that occurs in each superframe or, more 
generally, during the transmission of reference frames. 
When the SNRs change by more than a defined amount 
during communications, the modem at which the measure­
ment is made searches the stored parameter sets for a set 
whose SNR's on the corresponding subchannels is closest to 
the measured SNRs, and selects that set for use in subse­
quent communications. If no parameter set is found within 
defined limits, the system may be switched t a default state, 
or a complete reinitialization may be called for, correspond­
ing to a defined pattern of SNR's across some or all of the 
subchannels, should be used. SNR measurements may also 
be made on the data carrying signals themselves, i.e., a 
decision-directed SNR measurement. 

[0044] Instead of using a multiplicity of secondary sub­
channel control parameter sets as described above, a sim­
plified approach may construct and use a single secondary 
set based on a composite of the bit allocation or other 
characteristics of the individual devices. In one embodiment, 
the composite is formed by selecting, for each subchannel, 
the minimum bit allocation exhibited by any device for that 
subchannel, or the most severe characteristic of any other 
disturbances, thus forming a single "worst case" set that may 
be used when any device is activated, regardless of the 
specific device or disturbance actually present. Or it may be 
determined as the actual or calculated capacity of the line 
when all devices are actually or theoretically actuated simul­
taneously, or all disturbances are present, or both concur­
rently. Bit allocations sets may also be determined for 
combinations of subsets of such devices and disturbances. A 
similar approach may be used to handle the situation where 
several devices are activated at the same time, and the effects 
of other disturbances such as cross talk, etc. may also be 
incorporated into a composite set. 

[0045] A particular parameter set of the secondary channel 
control table remains in use for the duration of the session 

5 
May 6, 2004 

in which the voice device is active or until another change 
of state occurs, e.g., a further voice device is activated or 
some other disturbance takes place. When this occurs, the 
local modem renews its identification procedure to enable 
determination of the appropriate parameter set for the new 
conditions. At the end of the session in which the voice 
device is active, the device returns to inactive (i.e., "on­
hook") status and the system reverts to its original 
("onhook") status in which the primary channel control table 
once again is used for communications between the central 
office and the subscriber. 

[0046] Switching the subchannel parameter sets in accor­
dance with the present invention is extremely fast. It can be 
accomplished in an interval as short as several frames, and 
thus avoids the lengthy (e.g., several second) delay that 
would otherwise accompany determination, communica­
tion, and switching of newly-determined sets. Further, it 
avoids communicating new parameter sets at a time when 
communications have been impaired and error rates are 
high. Thus, it minimizes disruption to the communication 
process occasioned by disturbance events. 

[0047] Detecting Disturbance Events 

[0048] During subsequent data communications, identifi­
cation of the device that is activated is achieved in one of a 
number of ways. In one embodiment of the invention, a 
specific activation signal is transmitted from the device to 
the modem on the same side of the subscriber line as the 
device (referred to herein as "the local modem") on activa­
tion of the device. This signal may be transmitted over the 
communications line to which the device and the local 
modem are connected or it may be sent over a dedicated 
connection between the device and the local modem. 

[0049] In the preferred embodiment of the invention, the 
local modem monitors the subscriber line to which it and the 
device are connected and detects a change in line charac­
teristics when the device is activated. For example, the 
signal to noise ratio (SNR) of the various subchannels can 
quickly be measured and can be used to identify the par­
ticular device that is activated. During multiple sets of 
initializations, corresponding to multiple communication 
conditions caused by the devices or by other interferences, 
the SNR measure for each subchannel is determined for each 
of the conditions to be tracked (i.e., no devices activated, 
devices activated separately, two or more devices activated 
concurrently, adjacent channel interferences, etc.) and the 
measures stored, along with identification of the particular 
parameter set or sets with which they are associated. When 
a device is activated, the SNR measurements are used to 
quickly identify the particular device or devices that have 
been activated, and the local modem can thereafter switch to 
the appropriate secondary table. 

[0050] Disturbance events may also be detected in accor­
dance with the present invention by monitoring selected 
transmission characteristics that are dependent on these 
events. These may comprise, in addition to any character­
istics SNR accompanying them, such measures as errors in 
the cyclic redundancy code (CRC) that accompanies trans­
missions and changes in the error rate of this code; changes 
in the amplitude, frequency or phase of a pilot tone on the 
subchannels; or other such indicia. Forward error correction 
code (FEC) is typically used in ADSL transceivers, and 
changes in the error rate characteristics of this code, such as 
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how many errors have occurred, how many have been 
corrected, how many are uncorrected, and the like, can be 
particularly useful in detecting disturbance events. 

[0051] In monitoring these characteristics, we distinguish 
between changes caused by momentary or transient events 
such as lightning or other such burst noise disturbances, and 
those associated with disturbance events, the latter continu­
ing for a significant interval ( e.g., on the order of seconds or 
more). In particular, in embodiments that monitor CRC 
errors or error rates in accordance with the present invention, 
a switch from one parameter set to another is provided when 
the errors extend over a number of frames or when the error 
rate changes by a defined amount for a time greater than a 
defined minimum. For example, on the occurrence of an 
off-hook event, a severe form of disturbance to data com­
munications over a subscriber loop, the number of CRC 
errors suddenly increases and remains at an increased level 
until it is dealt with. This is distinguished from the occur­
rence of a transient disturbance such as a lightning strike 
which causes a momentary increase in CRC errors that does 
not persist as long as the system has not lost synchroniza­
tion. 

[0052] Thus, in accordance with the present invention, the 
detection of an initial change in the CRC error rate over a 
number of frames in excess of a defined threshold is one 
example of the detection of a disturbance event that will 
result in switching parameter sets. Similar procedures may 
be undertaken in response to measurement of the signal-to­
noise ratio of the subchannel in order to detect a disturbance 
event based on this characteristic. The decision as to whether 
a disturbance event has occurred may be based on measure­
ments on a single subchannel; on a multiplicity of subchan­
nels ( e.g., the decision to switch parameter sets will be made 
when more than a defined number of subchannels detect a 
disturbance event); or the like. 

[0053] An alternative technique for detecting a distur­
bance event in accordance with the present invention is the 
use of a monitor signal, e.g., a pilot tone whose amplitude, 
frequency, phase or other characteristic is monitored during 
data transmission. A sudden change in one or more of the 
monitored characteristics from one frame to another, fol­
lowed by a smaller or no change in subsequent frames, 
indicates a disturbance event to which the modem should 
respond. The monitor signal may comprise a dedicated 
signal carried by one of the subchannels; a signal carried on 
a separate control subchannel; a disturbance event itself 
(e.g., ringing tone, dial tone presence, or other common 
telephone signals); or other signals. 

[0054] Communicating The Occurrence of Disturbance 
Events 

[0055] After a disturbance event is detected and the appro­
priate parameter set corresponding to the event is identified, 
the identification is communicated to the remote modem by 
means of a selection signal to enable it also to switch to the 
corresponding parameter set in the secondary table. The 
selection signal may be in the form of a message transmitted 
over one or more subchannels or using a predetermined 
protocol for an embedded operations channel, or it may 
comprise one or more tones that identify the particular 
parameter set. ADSL systems use a "guard band" of several 
subchannels between the sets of subchannels used for 
upstream and downstream transmission. This guard band 
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may be used to transmit the selection tone or tones. In cases 
where there is only a single parameter set to be designated, 
the selection signal may comprise a simple flag (an element 
that has only two states, i.e., on/off, present/absent, etc.) that 
is sent to the remote modem to select the set. 

[0056] In a further embodiment of the invention, use is 
made of the frame counters at the ATU-R and ATU-C 
modems that are commonly provided in DSL systems. On 
detecting a disturbance event, the ATU-R modem notifies 
the ATU-C modem of the event and specifies a frame at 
which the change in parameter set, or change in power level 
and any accompanying change in other parameters, is to take 
place. The specification may be direct (i.e., the notification 
specifies a particular frame number at which the change to 
the secondary table is to be made) or indirect (i.e., on receipt 
of the notification, the change to the secondary table is made 
at one of a predetermined number of frames, e.g., the next 
frame number ending in "0", or in "00", etc., or the nth frame 
after receiving the notification, where n is some number 
greater than 0). On reaching the designated frame, both 
modems (i.e., ATU-R and ATU-C) switch to the new bit 
allocation set, power level, and other designated parameters. 

[0057] Alternatively, on detection of a disturbance event, 
the modems perform a "fast retrain" in order to characterize 
communications under the new operating conditions and 
determine a power and/or bit allocation set to be used for the 
communications. A fast retrain performs only a limited 
subset of the full initialization procedures, e.g., bit allocation 
and subchannel gain determination. The retraining modem 
(typically the modem local to the disturbance initiating the 
retraining) then compares the newly determined parameter 
set with previously stored sets. If the newly-determined set 
is the same as a previously stored set, a message, flag, or 
tone is communicated by one modem to the other to desig­
nate which of the stored secondary allocation sets is to be 
used. Otherwise, the newly determined set is used for 
communications. In the latter event, it must be communi­
cated to the other modem in the communication pair, and 
communications may be interrupted while this occurs. 
Nonetheless, on cessation of the event which necessitated a 
change in parameter sets, the system may simply revert to 
the primary parameter set, without need for recommunica­
tion of that set and thus without further interrupting com­
munications. With proper care in initialization, in most cases 
a sufficient array of parameter sets may be defined and 
exchanged at the outset as to avoid the need for subsequent 
reinitialization in response to most disturbances. 

[0058] Changing Power Levels 

[0059] In addition to changing one or more parameter sets 
in the modem in response to a disturbance event, in accor­
dance with the preferred embodiment of the present inven­
tion we also preferably change the communications power 
level in either the upstream or the downstream direction, or 
both, in order to further enhance reliable communications. 
Typically, the change is a reduction in the power level in the 
upstream direction so as to minimize interference with the 
voice communications, as well as to reduce echo into the 
downstream signal, and it will be so described herein. 
However, it should be understood that there will be some 
occasions when an increase in power level is called for such 
as when interference from adjacent data services requires a 
higher power level in order to maintain a desired data rate or 
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bit error level, and such a change is accommodated by the 
present invention in the same manner as that of a decrease. 
Further, a change in downstream power level may be called 
for when line conditions change to such an extent that 
excessive power would otherwise be fed into the down­
stream channel from the upstream modem. 

[0060] In theory, and in a perfectly linear system, 
upstream communications activities should have no effect 
on concurrent voice communications since the two activities 
occur in separate, non-overlapping frequency bands. How­
ever, the telephone system in fact is not a linear system, and 
nonlinearities in the system can and do inject image signals 
from the upstream subchannel into the voice subchannel, 
and possibly into the downstream subchannel as well (i.e., 
echo), thus producing detectable interference. In accordance 
with another aspect of the present invention, this effect is 
reduced below the level of objection by reducing the 
upstream power level (the power level at which the sub­
scriber or downstream modem transmits to the central office 
or upstream modem) by a given amount or factor when 
conditions dictate, e.g., when a voice communications 
device is off-hook and leakage from the data communica­
tions being conducted interferes with the voice communi­
cations. 

[0061] The amount of power reduction may be set in 
advance. For example, we have found that a nine db reduc­
tion in this power (relative to that typically used in ADSL 
applications using splitters to separate the data and POTS 
signals) is sufficient in most cases of common interest; under 
these circumstances, the system operates in one of two 
alternative power levels at all times. Alternatively, the 
downstream modem may select one of several different 
power levels for use, based on the communication condi­
tions prevailing at the time resultant from the disturbance 
event. For example, the downstream modem may be acti­
vated to send a test signal into one or more upstream 
subchannels and to monitor the leakage (i.e., the echo) of 
this signal into one or more downstream subchannels as 
determined, for example, by the SNRs on these subchannels; 
the power level at which the downstream modem transmits 
upstream may then be adjusted accordingly in order to 
minimize the effects of the echo. Commonly, the down­
stream transmit power is determined by the ATU-R, since 
the ATU-R is closest to the cause of the disturbance event. 
In this event, the ATU-R uses a message, flag, or tone to 
inform the ATU-C of the desired power level to be used for 
transmission. In either case, at the end of a session, the 
power level reverts to that used in the "on-hook" state. 

[0062] In selecting the desired power level, the transmit­
ting modem signals the receiving modem in the communi­
cations-pair of the desired change (including the designation 
of a particular power level from among several power levels, 
where appropriate), and thereafter implements the change, 
including switching to a new parameter set associated with 
that power level. In another embodiment of the invention, 
the receiving modem detects the power level change at the 
transmitting modem and switches to a parameter set asso­
ciated with that power level; upstream communications (i.e., 
from the ATU-R to the ATU-C) are thereafter conducted at 
the new power level until the disturbance event (e.g., off­
hook condition, etc.) terminates. 

[0063] While much of the above has been described in 
terms of a change in power level in the upstream commu-
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nications from the subscriber modem to the central office 
modem, it should be noted that a change in power level in 
the opposite direction may also sometimes be called for. 
This may be the case, for example, or short subscriber loops 
(e.g., less than a mile), where the reduced line loss conse­
quent on the greater proximity to the central office may 
result in the central office initially transmitting at an exces­
sive power level. In such cases, the central office or ATU-C 
modem performs the role previously performed by the 
subscriber or ATU-R modem, and vice versa, and a change 
in power level and other parameters on the downstream 
communications may be performed as described above. 
Further, it should also be understood that while it is expected 
that the power change will most commonly be one that 
reduces the power level used to communicate, it may in 
some cases increase it. This will occur, for example, when 
crosstalk from adjacent services requires an increase in 
power level of the subject service in order to compensate for 
the crosstalk. 

[0064] Changing Other Parameters 

[0065] A further important change made in response to 
detecting a disturbance event is a change in frequency 
domain equalizers ("FDQ's") associated with each subchan­
nel. These equalizers compensate for the differing distor­
tions ( e.g., amplitude loss, phase delay, etc.) suffered by the 
data during transmission over the subchannel. Typically, 
they comprise finite impulse response filters with complex 
coefficients. The coefficients are set during the "initializa­
tion" or "training" phase of modem setup. They may sub­
sequently be adjusted based on reference (known) data in 
reference frames or sync frames transmitted over the com­
munication subchannel. In accordance with the present 
invention, these filters are adjusted responsive to the trans­
mitted reference data when a disturbance event is detected. 
The coefficient updating may be performed on all subchan­
nels, or selectively on those whose change in error rates, 
signal-to-noise ratios, or other error indicia, indicate a 
disturbance event. 

[0066] In accordance with one embodiment of the present 
invention, the coefficients of the frequency domain equal­
izers for communications both in the absence of a distur­
bance event or disturbance ("primary FDQ coefficients") 
and in the presence of such an event or disturbance ("sec­
ondary FDQ coefficients") are computed and stored during 
the initialization or training period. Thereafter, these coef­
ficients are switched responsive to a disturbance event, as is 
the case with the channel control tables, and are returned to 
an initial state on the cessation of such an event. 

[0067] In accordance with another embodiment of the 
invention, the FDQ coefficients are recomputed responsive 
to detection of a disturbance event and then used throughout 
the remainder of the communications session in place of the 
earlier-stored secondary FDQ tables. The recomputation is 
accomplished in a short "retrain" session in which known 
reference data is transmitted between the ATU-R and ATU­
C. The received data is compared with the known data and 
the new FDQ coefficients are determined accordingly. In 
addition to the frequency domain equalizer coefficients, time 
domain equalizer coefficients and echo cancellation coeffi­
cients may also be determined and stored. Such coefficients 
are local to the particular receiver, and thus need not be 
communicated to the other modem of the communications 
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pair, Accordingly, any such retrain will be extremely fast, 
and any consequent disruption to communication limited. 

[0068] Excessive Disturbances 

[0069] In some cases a particular device may cause such 
interference with communications that compensation for 
that device by the methods described herein is not practical. 
This may occur, for example, with antiquated telephones or 
with particularly complex in-home wiring. In such a case, it 
is desirable to minimize the disruption caused by such a 
device by inserting a simple in-line filter between the device 
and the subscriber line. The filter may comprise, for 
example, a simple low-pass filter of not more than a cubic 
inch in volume and a pair of standard connectors such as 
RJll connectors through which the filter connects to the 
device on one side and to the subscriber line on the other. 
Unlike POTS splitters, such a connector needs no trained 
technician to install it, and thus presents no barrier, cost or 
otherwise, to acceptance of ADSL modems as described 
herein. Such a device may be detected by measuring the 
nonlinear distortion of the device when it is activated. This 
is done by monitoring the echo on the line caused by that 
device. 

[0070] Reduced Rate Communications 

[0071] A further improvement in the operation of the 
modem of the present invention resides in confining the 
bandwidth of the downstream transmission to a subset of 
that normally provided in ADSL communications. This 
reduces the processing demands on both the local (i.e., 
central office) and remote (subscriber premises) modems, 
thereby facilitating the provision of subscriber premises 
modems at prices more acceptable to consumer, non-busi­
ness, use; additionally, it further minimizes interference 
between data transmission and voice communications. For 
example, limiting the number of subchannels used by the 
modem to one hundred and twenty eight as opposed to two 
hundred and fifty six reduces the downstream bandwidth 
from 1.1 MHz to approximately 552 kHz. When the modem 
is used with modems that normally provide a greater number 
of subchannels for such communications, the bit allocations 
and gains for the subchannels above one hundred and twenty 
eight are preferably nulled, i.e., set to zero. 

[0072] The invention is preferably operable with modems 
that do not have the capabilities described herein, as well, of 
course, with modems that do. Accordingly, the modem of the 
present invention identifies its capabilities, preferably during 
initialization, preparatory to data exchange with another 
modem. In accordance with the preferred embodiment of the 
invention, this is preferably done by signaling between the 
modems that are to participate in communications. The 
signaling identifies the type of modems in communication 
and their characteristics of significance to the communica­
tion session. For example, one form of ADSL transceiver 
uses a reduced number of subchannels (typically, thirty two 
subchannels upstream and one hundred twenty eight sub­
channels downstream) and provides lower bandwidth com­
munications. A modem having full ADSL capabilities that 
encounters a reduced-rate modem can then adjust its trans­
mission and reception parameters to match the reduced-rate 
modem. This may be done, for example, by transmission 
from one modem to the other of a tone that is reserved for 
such purposes. 

[0073] In particular, in accordance with the present inven­
tion, on initiation of communications between a central 
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office modem and a subscriber premises modem, the 
modems identify themselves as "full rate" (i.e., communi­
cating over two hundred fifty six subchannels) or "reduced 
rate" (e.g., communicating over some lesser number of 
subchannels, e.g., one hundred and twenty eight). The 
communication may be performed via a flag (two-state, e.g., 
"on/off", "present/absent"), a tone or tones, a message 
(n-state, n>2), or other form of communication, and may be 
initiated at either end of the communication subchannel, i.e., 
either the central office end or the customer premises end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0074] The invention description below refers to the 
accompanying drawings, of which: 

[0075] FIG. 1 is a block and line diagram of a conven­
tional digital subscriber line (DSL) system using POTS 
splitters that is characteristic of the prior art; 

[0076] FIG. 2 illustrates an illustrative bit allocation and 
gains table used in the apparatus of FIG. 1; 

[0077] FIG. 3 is a block and line diagram of a splitterless 
DSL system in accordance with the present invention; 

[0078] FIG. 4 is a block diagram of a splitterless trans­
ceiver in accordance with the present invention; 

[0079] FIGS. 5A-5C illustrate channel control tables con­
structed and used in accordance with the present invention; 

[0080] FIG. 6 is a diagram of one form of disturbance 
event detector in accordance with the present invention; 

[0081] FIG. 7 illustrates the use of a frame counter for 
communicating the switching decision to the remote 
modem; 

[0082] FIG. 8 illustrates the preferred procedures used for 
performing a fast retrain of the modems in accordance with 
the present invention; 

[0083] FIGS. 9A and 9B illustrate the manner in which 
channel control tables may readily be selected in accordance 
with the present invention; and 

[0084] FIG. 10 illustrates alternative configuration for 
interconnection of the modems of the present invention. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

[0085] FIG. 1 shows an ADSL communications system of 
the type heretofore used incorporating "splitters" to separate 
voice and data communications transmitted over a telephone 
line. As there shown, a telephone central office ("CO") 10 is 
connected to a remote subscriber 12 ("CP: Customer 
Premise") by a subscriber line or loop 14. Typically, the 
subscriber line 14 comprises a pair of twisted copper wires; 
this has been the traditional medium for carrying voice 
communications between a telephone subscriber or cus­
tomer and the central office. Designed to carry voice com­
munications in a bandwidth of approximately 4 kHz (kilo­
hertz), its use has been greatly extended by DSL technology. 

[0086] The central office is, in turn, connected to a digital 
data network ("DDN") 16 or sending and receiving digital 
data, as well as to a public switched telephone network 
("PSTN") 18 for sending and receiving voice and other low 
frequency communications. The digital data network is 
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connected to the central office through a digital subscriber 
line access multiplexer ("DSLAM") 20, while the switched 
telephone network is connected to the central office through 
a local switch bank 22. The DSLAM 20 (or its equivalent, 
such as a data enabled switch line card) connects to a POTS 
"splitter"24 through an ADSL transceiver unit-central office 
("ATU-C") 26. The local switch 20 also connects to the 
splitter. 

[0087] The splitter 24 separates data and voice ("POTS") 
signals received from the line 14. At the subscriber end of 
line 14, a splitter 30 performs the same function. In particu­
lar, the splitter 30 passes the POTS signals from line 14 to 
the appropriate devices such as telephone handsets 3, 32, 
and passes the digital data signals to an ADSL transceiver 
unit-subscriber ("ATU-R") 34 for application to data utili­
zation devices such as a personal computer ("PC") 36 and 
the like. The transceiver 34 may advantageously be incor­
porated as a card in the PC itself, similarly, the transceiver 
26 is commonly implemented as a line card in the multi­
plexer 20. 

[0088] In this approach, a communication channel of a 
given bandwidth is divided into a multiplicity of subchan­
nels, each a fraction of the subchannel bandwidth. Data to be 
transmitted from one transceiver to another is modulated 
onto each subchannel in accordance with the information­
carrying capacity of the particular subchannel. Because of 
differing signal-to-noise ("SNR") characteristics of the sub­
channels, the amount of data loaded onto a subchannel may 
differ from subchannel to subchannel. Accordingly, a "bit 
allocation table" (shown as table 40 at transceiver 26 and 
table 42 at transceiver 34) is maintained at each transceiver 
to define the number of bits that each will transmit on each 
subchannel to the receiver to which it is connected. These 
tables are created during an initialization process in which 
test signals are transmitted by each transceiver to the other 
and the signals received at the respective transceivers are 
measured in order to determine the maximum number of bits 
that can be transmitted from one transceiver to the other on 
the particular line. The bit allocation table determined by a 
particular transceiver is then transmitted over the digital 
subscriber line 14 to the other transceiver for use by the 
other transceiver in transmitting data to that particular 
transceiver or to any similar transceiver connected to the line 
14. The transmission must, of course, be done at a time when 
the line is not subject to disturbances which may interfere 
with communications. This is a significant limitation, and 
restricts the utilization of this approach. 

[0089] Referring now to FIG. 2, a bit allocation table 42 
such as is used in the customer premises equipment is shown 
in further detail. Table 40, used at the central office, is 
essentially the same in construction and operation and will 
not further be described. Table 42 has two sections, a first 
section, 42a, which defines certain communication param­
eters such as bit allocation capacity and subchannel gain 
parameters that characterize the respective subchannels and 
which the transmitter section of transceiver 34 will use in 
transmitting a signal to the other transceiver (26) with which 
it is in communication; and a section 42b that defines the 
parameters that the receiver section of transceiver 34 will 
use in receiving a signal transmitted from the other trans­
ceiver. Communications take place over a plurality of sub­
channels, here shown, for purposes of illustration only, as 
subchannels "9", "10", etc. in the transmitter section, and 
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subchannels "40", "41", etc. in the receiver section. In a 
full-rate ADSL system, there are up to two hundred and fifty 
six such subchannels, each of bandwidth 4.1 kHz. For 
example, in one embodiment of the invention, upstream 
communications (i.e., from the customer premises to the 
central telephone office) are conducted on subchannels 8 to 
29; downstream communications (from the central office to 
the customer premises) are conducted on subchannels 32 to 
255; subchannels 30 and 31 form a guard band between 
upstream and downstream communications that may be used 
for signaling as described hereinafter. 

[0090] For each subchannel ("SC") 50, a field 52 defines 
the number of bits ("B") that are to be transmitted over that 
subchannel by the transmitter of a communications or 
modem pair, and received by the receiver of that pair, 
consistent with the prevailing conditions on the subchannel, 
e.g., measured signal-to-noise ratio (SNR), desired error 
rate, etc.; column 54 defines the corresponding gains ("G") 
of the subchannels. A first section, 42a, of the table specifies 
the bit allocations and gains that transceiver 34 will use in 
transmitting "upstream" to the transceiver 26; and a second 
section, 42b, specifies the bit allocations and gains that 
transceiver 34 will use in receiving transmissions from the 
transceiver 26. Transceiver 26 has a corresponding table 40 
which is the mirror image of table 42, that is, the bit 
allocations specified for transmission by transceiver 34 are 
the same as those specified for reception by transceiver 26 
and correspondingly for reception by transceiver 34 and 
transmission by transceiver 26. The table typically may also 
include a field specifying the gain 54 associated with the 
particular subchannel. 

[0091] As noted above, the splitters 24, 30 combine the 
data and voice communications applied to them for trans­
mission and once again separate these from each other on 
reception. This is accomplished by means of high pass and 
low pass filters which separate the low-frequency voice 
communications from the high-frequency data. The need to 
utilize such splitters, however, imposes a severe impediment 
to the widespread adoption of DSL technology by the 
consumer. In particular, the installation of a splitter at the 
subscriber premises requires a trip to the premises by a 
trained technician. This can be quite costly, and will deter 
many, if not most, consumers from taking advantage of this 
technology. Nor is incorporating splitters in the communi­
cations devices themselves a viable option, since this not 
only increases the cost of such devices, but requires either 
the purchase of all new devices or the retrofit of the older 
devices, which again requires skilled help to accomplish. In 
accordance with the present invention, we eliminate the 
splitter at least at the customer premises, thereby enabling 
adoption and use of DSL modems by the end user without 
the intervention of trained technical personnel. This, how­
ever, requires significant changes in the structure and opera­
tion of the DSL transceivers or modems, and present inven­
tion addresses these changes. 

[0092] In particular, FIG. 3 shows a DSL transmission 
system in accordance with the invention in which the 
composite voice-data signal transmitted from the central 
office to the subscriber premises is passed to both the 
subscriber voice equipment 31, 32 and to the data trans­
ceiver or modem 34' without the interposition of a splitter at 
the subscriber premises. In FIG. 3, components that are 
unchanged from FIG. 1 retain the same numbering; com-
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ponents that are modified are designated with a prime 
superscript. In place of the single table 30 of the transceiver 
26 of FIG. 1, the transceiver 26' of FIG. 3 contains a 
primary channel control table 41 an a secondary channel 
control table 43. Similarly, transceiver 34' of FIG. 3 contains 
a primary channel control table 45 and a secondary channel 
control table 47. It will also be noted that the subscriber side 
splitter has been eliminated in FIG. 3: the reason why this 
can be done in the present invention will now be described 
in detail. It will also be noted that the central office splitter 
20 in FIG. 1 has been retained in the configuration of FIG. 
3: this is optional, not mandatory. Retraining a splitter at the 
central office can improve the performance somewhat at 
little cost, since only a single installation is required and that 
at the central office itself where technical personnel are 
commonly available in any event. Where this is not the case, 
it may be eliminated there also. 

[0093] Turning now to FIG. 4, the transceiver or modem 
34' is shown in greater detail; the modem 26' is essentially 
the same for present purposes and will not be separately 
described. As indicated, modem 34' comprises a transmitter 
module 50; a receiver module 52; a control module 54; a 
primary channel control table 45; and a secondary channel 
control table 47. The primary channel control table is shown 
more fully in FIG. SA; the secondary channel control table 
is shown more fully in FIG. 5B. 

[0094] In FIG. SA, the primary channel control table 45 
has a transmitter section 45a which stores a primary set of 
channel control parameters for use in transmitting to a 
remote receiver over a DSL line; and a receiver section 45b 
which stores a primary set of channel control parameters for 
use in receiving communications over a DSL line from a 
remote transmitter. The subchannels to which the parameters 
apply are shown in column 45c. The channel control param­
eters in the transmitter section 45a include at least a speci­
fication of the bit allocations ("B") 45d and preferably also 
the gains ("G") 45e to be used on the respective subchannels 
during transmission. The receiver section similarly includes 
specification of the bit allocations and gains, and preferably 
also includes specification of the frequency domain equal­
izer coefficients ("FDQ") 45/, time domain equalizer coef­
ficients ("TDQ") 45g, and echo canceller coefficients ("EC") 
45h, among others. 

[0095] Collectively, the parameters: bit allocation, gain, 
frequency domain coefficient, time domain coefficient, etc. 
form a parameter set, each of whose members are also sets, 
e.g. the bit allocation set defining the allocation of bits to 
each of the subchannels, the gain setting set defining the 
gains across the subchannels, etc. In accordance with the 
preferred embodiments of the present invention, the primary 
channel control table stores a single parameter set which has 
at least one member, i.e., a bit allocation set, and preferably 
a gain allocation set as well; this parameter set defines the 
default communications conditions to which the system will 
revert in the absence of disturbance events. The secondary 
channel control table, however, has at least two, and typi­
cally more, parameter sets for controlling transmission and 
reception over the subscriber lines by the respective 
modems; these sets define communications under various 
disturbance events which change the default conditions. 

[0096] In particular, in FIG. SB, the secondary channel 
control table 47 comprises a plurality of parameter sets 47a, 
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47b, 47c, etc., of which only three sets are shown for 
purposes of illustration. Each parameter set includes a 
transmit portion 47d and a receive portion 47e. In each 
portion, one or more parameters are specified, e.g., bit 
allocations 47/ and gains 47g in the transmit portion 47d, 
and frequency domain coefficients 47h, time domain coef­
ficients 47i, and echo cancellation coefficients 47j in the 
receive portion 47 e. The actual values of the coefficients are 
typically complex numbers and thus they are represented 
simply by letters, e.g., "a", "b", etc. in the channel control 
tables of FIGS. SA and 5B. Parameter sets 47b, 47 c, and the 
remaining parameter sets are similarly constructed. As was 
the case for the primary channel control table, each param­
eter ( e.g., bit allocation) is itself a set of elements that define 
communication conditions, at least in part, across the sub­
channels to which they apply and which they help charac­
terize. 

[0097] The primary channel control table containing a bit 
allocation parameter set is generated in the usual manner, 
i.e., during initialization (typically, a period preceding the 
transmission of "working data" as opposed to test data), 
known data is transmitted to, and received from, the remote 
modem with which the instant modem is in communication 
under the conditions which are to comprise the default 
condition for the modem. Typically, this will be with all 
disturbing devices inactivated, so that the highest data rate 
can be achieved, but the actual conditions will be selected by 
the user. The data received at each modem is checked against 
the data known to have been transmitted and the primary 
channel control parameters such as bit allocation, subchan­
nel gains, and the like are calculated accordingly. This table 
is thereafter used as long as the system remains undisturbed 
by disturbance events which disrupt communications over 
the line. 

[0098] The secondary channel control table may be deter­
mined during initialization in the same manner as the 
primary table, but with devices that may cause disturbance 
events actuated in order to redetermine the channel control 
parameters required for communications under the new 
conditions. These devices may be actuated one by one, and 
a secondary parameter control set determined for each and 
stored in the secondary channel control table; or they may be 
actuated in groups of two or more, and parameter sets 
determined accordingly; or various combinations of single 
and group actuations may be performed and the correspond­
ing parameter sets determined. Secondary parameter sets 
may similarly be determined from actual measurements with 
interfering sources such as xDSL transmissions in a common 
binder with the modems in question, and the resultant sets 
stored in the secondary table. 

[0099] Other methods of determination of the secondary 
table may be employed. For example, one or more second­
ary parameter sets may be derived from the primary table. 
Thus, the bit allocation on each subchannel in the secondary 
table may be taken as a percentage, fixed or varying across 
the subchannels, of the bit allocation for each subchannel 
defined in the primary table. Alternatively, it may be calcu­
lated from the same data as that of the primary table, but 
using a larger margin; by using a percentage, fixed or 
varying across the subchannels, of the signal-to-noise ratio 
used in calculating the primary table; by providing for a 
different bit error rate than provided for in the primary; or by 
other techniques, including those described earlier. Portions 
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of the primary and secondary may be recalculated or 
improved upon during the communication session, and 
stored for subsequent use. The calculation or recalculation 
may be a one-time event or may occur repeatedly, including 
periodically, throughout a communication session. 

[0100] Further, although use of a multiplicity of parameter 
sets in the secondary channel control table will generally 
provide the best match to the actual channel conditions and 
thus more nearly approach optimum communications con­
ditions, a simplified second table containing a single com­
posite parameter set may also be used. Thus FIG. SC shows 
a number of sets 45a-49d of bit allocations for the subchan­
nels 49e and which may represent a corresponding number 
of different communication devices or conditions associated 
with communications over these subchannels. A single com­
posite parameter set 49/ may be formed as a function of the 
parameter sets 49a-49d by, for example, selecting, for each 
subchannel, the minimum bit allocation among the sets 
49a-49d for each of the subchannels 49e. Such a set repre­
sents a "worst case" condition for activation of any of the 
devices associated with the sets 49a-49d. Other worst case 
parameter sets may be formed, for example, on selected 
groups of devices, thus providing for the case when several 
devices or disturbances are operating simultaneously. 

[0101] In the absence of a disturbance event, the trans­
ceivers 26', 34' use the primary channel control tables 41, 45 
for communications. Responsive to detection of a distur­
bance event, however, the transceivers 26', 34' switch to one 
of the parameter sets of the secondary channel control tables 
43, 47 to continue the communications under the conditions 
specified by the particular parameter table. These conditions 
may specify a diminished bit rate while maintaining the 
same bit rate as is provided with the primary channel control 
table; or may specify the same bit error rate but at a higher 
bit error rate; or may specify a diminished bit rate at a 
correspondingly diminished power level or margin; or other 
conditions as determined by the specific channel control 
tables. On termination of the disturbance condition which 
caused the switch, the transceivers 26', 34' return to use of 
the primary tables 41, 45. 

[0102] Typically, the primary tables provide communica­
tions at or near the capacity of the communications channel 
over line 14. The secondary tables provide communications 
over the channel at a diminished rate. Switching between the 
primary and secondary tables (that is, switching from a 
primary parameter set to a secondary parameter set) in 
accordance with the present invention is fast: it can be 
accomplished in an interval as short as several frames ( each 
frame being approximately 250 microseconds in current 
ADSL systems), and thus avoids the lengthy delay (e.g., on 
the order of several seconds) that would otherwise be 
required for determination, communication over the sub­
scriber line, and switching of newly-determined bit alloca­
tion tables. Further, it avoids communication of such tables 
over the subscriber line at a time when communications 
have been impaired and error rates are therefore high. Thus, 
utilization of prestored parameter sets in accordance with the 
present invention minimizes disruption to the communica­
tion process occasioned by disturbance events. 

[0103] The channel control tables are stored in a storage or 
memory for rapid access and retrieval. Preferably, the stor­
age is a random access memory ("RAM") incorporated into 
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the modem itself, but also comprise such a memory located 
in other components accessible to the modem, e.g., in a 
stand-alone memory; in a computer such as a personal 
computer ("PC"); in a disk drive; or in other elements. 
Further, the storage may include portions of other forms of 
memory, such as read only memory ("ROM"). 

[0104] In addition to accessing the channel control tables 
45 and 47, the control module 54 of FIG. 4 preferably also 
controls formulation of the secondary control table when 
this table is calculated on the basis of the primary channel 
control table. Further, the module 54 monitors the SNR on 
the subscriber line 14 and calculates the primary and sec­
ondary channel control parameter sets when these sets are 
based on measurement of actual conditions of the line, as 
will most commonly be the case. To this end, the control 
module is advantageously implemented as a special purpose 
digital computer or "DSP" chip particularized to the func­
tions described herein. It may, of course, alternatively be 
implemented as a general purpose computer or in other 
fashion, as will be understood by those skilled in the art. 

[0105] In accordance with the present invention, distur­
bance events on the subscriber line are distinguished from 
transient events such as lightning impulses by mean of their 
consequences. In particular, a signaling event such as an 
off-hook signal or an on-hook signal typically causes suffi­
cient disruption as to preclude further communications with­
out reinitialization. The event is accompanied by an error 
code indication that persists throughout the disruption; a 
change in the amplitude and phase of the physical signal 
carrying the data or of a pilot tone; the application of a 
substantial voltage to the line; and other indicia. We monitor 
the subscriber line for the occurrence of one or more of these 
characteristics in order to detect the event. 

[0106] FIG. 6 illustrates one manner of detecting a dis­
turbance event in accordance with the present invention. A 
detector 70, which is preferably included in control module 
54, receives signals from line 14 and monitors (step 72) the 
error code (e.g., CRC errors or the FEC error count) asso­
ciated with the signals for occurrence of an error indication. 
If no error is detected (step 74), the detector remains in 
monitoring mode without further action. If an error is 
indicated by the error code, a counter is incremented (step 
76) and the count is then compared with a predefined 
threshold (step 78). If the count does not exceed the thresh­
old (step 78, ">N?"), the system remains in monitoring 
mode and continues to accumulate any detected errors. If the 
count exceeds the threshold (step 78, Y), the detector emits 
a "disturbance event" detection signal (step 80) which 
causes the transceiver in which the detector 70 is located to 
initiate the process of switching to the appropriate parameter 
set in the secondary table. The count is reset (line 81) when 
this occurs. 

[0107] Instead of monitoring the error code for character­
istic behavior (i.e., repeated error over successive frames), in 
accordance with the present invention one may monitor the 
amplitude and phase of the physical signals transmitting the 
data over the subchannel or of a pilot tone transmitted 
between modems. On the occurrence of a disturbance event, 
the amplitude and phase of the physical signal undergo 
significant change, i.e., the amplitude suddenly decreases 
and the phase suddenly shifts to a new value; thereafter, they 
maintain approximately their new values during successive 
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frames. This behavior may be monitored as shown in FIG. 
7 in which a monitor 100 monitors, for example, the 
amplitude of a data signal or a pilot tone on line 14 and sets 
a flip-flop 102 to an "active" state ("Q") on detecting a 
change in the amplitude of greater than a predefined thresh­
old value. Flip-flop 102 enables (input "E") a counter 104 
connected to receive counting pulses from a frame counter 
106 whenever a new frame is transmitted or received by the 
modem. These counting pulses are also applied to a thresh­
old counter 108 which accumulates the counts applied to it 
until it reaches a defined count and then applies the resultant 
count to a comparator 110 where it is compared with the 
count in counter 104. If the contents of the counters 104 and 
108 are equal, comparator 110 provides an output ("Y") 
which causes the transceiver to initiate the process of 
switching to the appropriate table. This also resets the 
counters 104, 108 and the flip-flop 102. These are also reset 
(input "R") if the counts of counters 104 and 108 do not 
match ("N" output of comparator 110). 

[0108] A similar procedure may be used to generate the 
table-switching signal based on monitoring the phase change 
of data signals or pilot tones as noted above. Further, 
although the operation of the event detector of FIG. 8 has 
been explained largely in terms of hardware, it will be 
understood that it may also readily be implemented in 
software, or in a combination of hardware and software, as 
is true of most of the elements described herein. 

[0109] Still a further approach to detecting a disturbance 
event is to monitor the disturbance event directly. For 
example, in the case of off-hook or on-hook signals, a 48 
volt de step voltage is applied to the subscriber line. This 
signal is sufficiently distinct from other signals as to be 
readily detectable directly simply by monitoring the line for 
a step voltage of this size and thereafter generating a 
table-switching signal in response to its detection. Another 
approach is to monitor the SNR on one or more subchannels 
by monitoring the "sync" frames. The presence of a distur­
bance from data sources on adjacent phone lines manifests 
itself as a change in the subchannel SNR. A direct method 
of monitoring disturbance events caused by activation or 
deactivation of communication-disturbing devices is to 
directly signal between the device and the local modem on 
occurrence of either of these events. As shown in FIG. 3, for 
example, signaling lines 35, 37 may be extended directly 
between the local modem 34' and its associated devices 31, 
32 to directly signal a change in these devices, such as their 
activation ("off-hook") or deactivation ("onhook"). 

[0110] In addition to changing the control tables in 
response to a disturbance event, it is desirable to decrease 
the upstream transmit power level in order to minimize the 
interference with the voice communications caused by 
upstream transmissions, as well as to reduce the leakage of 
these transmissions into the downstream signal ("echo"). 
These interferences arise from nonlinearities caused by 
devices such as telephones that are coupled to the line, 
especially when the telephones are off-hook. The amount of 
power reduction required to render the interferences accept­
able varies from one telephone to the next. In the preferred 
embodiment of the invention, a probing signal is used to 
determine the required decrease in upstream transmit power. 
In particular, after detecting a disturbance event such as 
activation or deactivation of a telephone or interference from 
other sources which can disrupt communications, the trans-
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mitter portion of the ATU-R (the "upstream transmitter") 
transmits a test signal over the subscriber line at varying 
power levels and measures the echo at the receiver portion 
of the ATU-R (the "downstream receiver"). The resultant 
measurement is used to determine an upstream transmission 
power level that minimizes echo at the downstream receiver 
or that at least renders it acceptable. The new power level, 
of course, is typically associated with a corresponding new 
parameter set in the channel control parameters. 

[0111] In addition to changing the bit allocation and gain 
parameters in response to a disturbance event, it is generally 
necessary to change one or both of the subchannel equaliz­
ers, (i.e., the time-domain equalizers or the frequency­
domain equalizers), as well as the echo canceller. Appropri­
ate sets of these parameters may be formed in advance in the 
same manner as the bit allocations and channel gains (i.e., in 
a preliminary training session, sending test communications 
over the subscriber line with various devices connected to 
the line activated, measuring the resultant communication 
conditions, and determining the various parameters based on 
the measurements), and stored in the secondary channel 
control table for recall and use as required. Alternatively, 
they may be redetermined quickly during a retraining opera­
tion following detection of a disturbance event and without 
excessively disrupting communications, since these param­
eters are local to the receiver and thus need not be trans­
mitted to the other modem in the communications pair. 

[0112] In particular, in accordance with the preferred 
embodiment of the invention, on detecting a disturbance 
event, the transceivers enter a "fast retrain" phase, as shown 
in more detail in FIG. 8. A common disturbance event is 
taking a telephone off hook or replacing it on hook, and this 
is commonly detected at the ATU-R. The fast retrain process 
will be illustrated for such an event, although it will be 
understood that it is not limited to this, and that the retrain 
may be initiated for any type of disturbance event, and at 
either end of the communication. Thus, on detecting such an 
event (FIG. 8, event 200), the ATU-R notifies the ATU-C 
(step 202) to enter the fast retrain mode. The notification is 
preferably performed by transmitting a specific tone to the 
ATU-C, but may also comprise a message or other form of 
communication. On receiving this notification (step 204), 
the ATU-C awaits notification from the ATU-R of the power 
levels to be used for subsequent communications. This 
includes at least the upstream power level, an may include 
the downstream power level as well, since changing the 
upstream power level may impact downstream communica­
tions to some extent. For purposes of completeness, it will 
be assumed that both of these power levels are to be 
changed, although it will be understood that in many cases, 
only the upstream power level will be changed. 

[0113] The new power levels to be used are determined by 
the ATU-R (step 208), which transmits a channel-probing 
test signal to the upstream transceiver and measures the 
resultant echo at the downstream receiver, it then sets the 
upstream power level to minimize the echo into the down­
stream signal, and may also set the downstream power level 
to minimize the effects of leakage of the upstream transmis­
sion into the downstream transmission at the upstream 
transmitter. The ATU-R then communicates (steps 210,212) 
to the ATU-C the selected upstream and downstream trans­
mission levels, e.g., by transmitting to the upstream trans­
ceiver one or more tones modulated by binary PSK (phase 
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shift keying) signals to ensure robust communication of the 
power levels. The power levels may be specified directly 
(e.g., as "-30 dbm"), or indirectly (e.g., as "level 3" of a 
predefined group of levels), and the specification may iden­
tify the actual value of the power level, or simply the change 
in power level to be effectuated. 

[0114] The ATU-R (step 214) and ATU-C (step 216) next 
commence transmission at the new power levels for pur­
poses of retraining the equalizers and echo cancellers. Pref­
erably, the change to the new power levels is synchronized 
through use of frame counters which are used in DSL 
systems to align transmitters and receivers, but the synchro­
nization may be accomplished by other means (e.g., by 
transmitting a tone or message or by simply sending a flag) 
or may be left unsynchronized. Based on the training trans­
mission, the ATU-R and ATU-C determine (steps 218, 220) 
the time and frequency domain equalizer parameters appro­
priate to the new power levels, as well as the appropriate 
echo canceller coefficients. The determination may include 
calculations based on these measurements in order to deter­
mine the coefficients, or the measurements may be used to 
select a particular set or sets of coefficients from one or more 
precalculated sets stored at the ATU-R and ATU-C, respec­
tively. 

[0115] For example, as was the case with determination of 
the power levels responsive to a disturbance event, the SNRs 
on various subchannels may be used to identify a particular 
device or devices associated with the event and thus to select 
an appropriate prestored parameter set stored at the ATU-R 
andATU-C, respectively, simply by transmitting to the other 
modem in the communication pair a message or tone set that 
specifies the number of the parameter set to be used for 
subsequent communications. The SNR measurements thus 
serve as a "signature" of the device or devices associated 
with the disturbance event, and allow rapid identification of 
these devices. This approach can significantly reduce the 
time required to retrain the equalizers and echo cancellers. 
And even if training is required under particular circum­
stances, the training time can be meaningfully reduced by 
using prestored coefficients as the starting point. 

[0116] To facilitate use of the SNR measurements in 
retrieving corresponding parameter sets, it is desirable that 
the various parameter sets as stored be indexed to sets of 
SNRs, so that one or more parameter sets associated with 
particular communication conditions may quickly be iden­
tified and retrieved. One way in which this may be accom­
plished is shown in FIG. 9A in which the respective 
parameter sets such as a first set 250, a second set 252, etc. 
have, in addition to the subchannel (SC) number 254 and the 
corresponding bit allocation (BA) and gain (G) entries, a 
SNR entry 260 characteristic of the parameter set appropri­
ate to a given communication condition, such as "on-hook" 
(table 250), "off-hook" (table 252), etc. Additional param­
eter sets such as frequency domain equalizer coefficients, 
time domain equalizer coefficients, an echo cancellation 
coefficients may also be stored in the tables, as would be 
appropriate for the receiver portion of the modem; for the 
transmitter portion, these coefficients are not applicable and 
thus are not stored. 

[0117] An alternative means of linking the subchannel 
SNRs and the corresponding parameter sets is shown in 
FIG. 9B. As there shown, a simple list structure 270 
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comprises a parameter set identifier 272, an a multiplicity of 
SNR measures 274, 276, etc. SNRs for some or all of the 
subchannels may be included. The list may be searched 
measure for measure to identify the nearest match to a stored 
parameter set, and that set then retrieved for subsequent use. 
In either FIG. 9A or 9B the parameter set indexed to the 
SNRs may be a set of multiple parameters, such as bit 
allocations and gains, among others, of may comprise a 
single set such bit allocations only, or gains, only, etc. 

[0118] The identification of the channel control parameter 
sets to be used for the subsequent communications is 
exchanged between the transceivers (steps 226-232) which 
then switch to these parameter sets (234, 236) and com­
mence communications under the new conditions. The mes­
sage containing the channel control parameters is preferably 
modulated in a similar manner as the "power level" mes­
sage, i.e., using several modulating tones with BPSK sig­
naling. The message is therefore short and very robust. It is 
important that it be short so that the fast retrain time is 
minimized, since the modem is not transmitting or receiving 
data during this time and its temporary unavailability may 
thus be very noticeable, as would be the case, for example, 
when the modem is being used for video transmission, or 
internet access, etc. Similarly, it is important that the mes­
sage transmission be robust, since error-free communication 
during a disturbance event is very difficult, due to decreased 
SNR, impulse noise from ringing or dialing, or the like. 
Thus, the provision and utilization of the pre-stored param­
eter sets significantly enhances the reliability of communi­
cations despite the absence of a splitter at least one of the 
modems and despite the presence of disturbance events 
concurrent with data communications. 

[0119] It is expected that the modems described herein 
will most commonly be used in dedicated pairs, i.e., each 
subscriber (ATU-R) modem will communicate with a dedi­
cated central office (ATU-C) modem. However, in certain 
cases it may suffice to provide a single master central office 
modem to service two or more subscriber modems. The 
present invention accommodates that eventuality as well. 
Thus, in FIG. 10, a central office modem 280 communicates 
through a switch 282 with a plurality of subscriber modems 
284, 286, 288 over subscriber lines 290, 292, 294. The 
modems may be located at differing distances from the 
central office and in different communication environments, 
and thus the channel control tables of each may be unique 
among themselves. Accordingly, the central office modem 
stores a master set 296 of individual channel control param­
eter sets 298, 300, 302, etc., one set (both transmit and 
receive) for each subscriber modem. On initiating commu­
nications to a particular subscriber, the central office modem 
retrieves the appropriate transmission parameter set for the 
subscriber and uses it in the subsequent communications. 
Similarly, on initiating communications to the central office, 
a given subscriber modem identifies itself to enable the 
central office modem to retrieve the appropriate reception 
parameter set for that subscriber. 

CONCLUSION 

[0120] From the foregoing it will be seen that we have 
provided an improved communications system for commu­
nication over subchannels of limited bandwidth such as 
ordinary residential telephone lines. The system accommo­
dates both voice and data communications over the lines 
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simultaneously, an eliminates the need for the installation 
and use of "splitters", an expense that might otherwise 
inhibit the adoption and use of the high communication 
capacity offered by DSL systems. Thus, it may be imple­
mented and used as widely as conventional modems are 
today, but offers significantly greater bandwidth than is 
currently attainable with such modems. 

What is claimed is: 
1. Apparatus for use in connection with a wireline data 

communication system carrying data in a multiplicity of 
different frequency bands which may be present concur­
rently on line, comprising: 
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A means for detecting a signaling event associated with 
at least a first of said bands; 

B. means responsive to said detecting means for modify­
ing the processing of signals transmitted over at least a 
second of said bands. 

* * * * * 
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