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[57] ABSTRACT

Methods and apparatus for conserving power in terminal
units that transmit and receive modulated data over a com-
munications loop that is shared with voiceband telephone
equipment are disclosed. The methods include monitoring
the loop to detect a shut-down condition and reducing power
consumption of certain of the electronic circuits in the
terminal unit upon detection of a shut-down condition. The
methods also include monitoring the loop with a monitoring
circuit to detect a resume signal outside the voiceband
frequency range on the loop and restoring power to the
electronic circuits when the resume signal is detected. The
apparatuses include a modulated data transmitting and
receiving unit having a connector for coupling the unit to a
communications loop, circuitry to transmit and receive a
modulated data signal in a frequency range above
voiceband, and circuitry to detect a resume signal in the
frequency range above voiceband and then to initiate a
power up sequence for the transmit and receive circuitry.
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POWER CONSERVATION FOR POTS AND
MODULATED DATA TRANSMISSION

The present invention is directed to a power conservation
system for modulated data communications, and more par-
ticularly to a power conservation system for transmission
systems in which data is modulated over a communications
loop from a central office location to a customer premises.

BACKGROUND

Wire loops extending from a telephone company central
office to a customer premises are a ubiquitous part of the
existing communications infrastructure. These wire loops
form a communications network often referred to as the
plain old telephone service’ (POTS) network. The POTS
network originated to support analog voice phone service.

The POTS network currently supports a wide range of
communications services in addition to analog voice phone
calls. These services include digital data transmissions from
facsimile (FAX) machines and computer modems. Voice
calls, FAX connections, and computer modem transmissions
all operate within the frequency spectrum of traditional
POTS calls, thus ensuring compatibility with the existing
wire loop infrastructure and allowing transport of these
services end-to-end through the POTS phone network.
However, the use of POTS-compatible transmission fre-
quencies severely limits the maximum information carrying
capacity of the wire loop.

Certain transmission technologies may use carrier fre-
quencies greater than those required for POTS services to
exceed the information capacity limits of POTS calls over
wire loops. However, since the existing POTS loop infra-
structure was not designed for carrying such high frequency
signals, severe impediments to such transmission exist. In
particular, as a result of electromagnetic coupling among
wire loops, electromagnetic noise signals are induced on the
loops. This electromagnetic coupling may occur among the
large number of loops in the wire bundles that extend from
the central office to various customer distribution points.

Noise signals induced on the loops by electromagnetic
coupling may not be perceptible on POTS voice calls.
However, such signals may significantly interfere with wide-
bandwidth modulated data transmissions that use high fre-
quency signals. To reduce interference problems, sophisti-
cated signal processing circuitry, such as digital signal
processors (DSPs), are used within modulated data receiver
and transmitter units to remove noise, to encode and decode
desired signals, and to perform error correction functions.

To minimize the number of wire loops needed to service
a customer’s premises, POTS signals and modulated data
transmission signals may be combined on a single wire loop.
To combine POTS and wide-bandwidth modulated data
transmission signals, the wide-bandwidth modulated data is
transported using frequencies (spectrum) greater than those
of POTS services. This spectrum usage allows a POTS
service connection to be supported by its traditionally allo-
cated spectrum while simultaneously supporting high fre-
quency modulated data transmission. Thus, current technol-
ogy permits POTS and high bandwidth data may be carried
between customer premise equipment (CPE) and a central
office (CO) on a single wire loop. At the central office, the
POTS signal frequencies are separated from the high fre-
quency data signal; the POTS signal is then handled by the
existing POTS switch and network, while the high fre-
quency spectrum is directed to separate processing compo-
nents.
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Signal processing, transmitting, and receiving circuitry
for such high frequency modulated data signals requires a
substantial amounts of power, typically up to 5 watts per
loop served. For a large central office, potentially serving
many thousands of such data connections, this power usage
is substantial.

SUMMARY

In general, in one aspect, the invention features a method
of conserving power in a terminal unit having a transmitter
and receiver for modulated data communication over a
communications loop that is shared with voiceband tele-
phone equipment. The method includes monitoring the loop
to detect a shut-down condition, reducing power consump-
tion of certain of the electronic circuits in the terminal unit
upon detection of a shut-down condition, monitoring the
loop with a monitoring circuit to detect a resume signal
outside the voiceband frequency range on the loop, and
restoring power to the electronic circuits when the resume
signal is detected.

Implementations of the invention may include one or
more of the following features. The modulated data may be
a bit stream including framing information, and a shut-down
condition may be indicated by a loss of framing information.
The modulated data may include a signaling channel and a
shut down condition may be indicated by bits transmitted in
the signaling channel. The resume signal may be an AC
signal at a frequency above voiceband, such as a 16 kHz AC
signal.

In general, in another aspect, the invention features a
modulated data transmitting and receiving unit. The unit
includes a connector for coupling the unit to a communica-
tions loop, circuitry to transmit and receive a modulated data
signal in a frequency range above voiceband, and circuitry
to detect a resume signal in the frequency range above
voiceband and then to initiate a power up sequence for the
transmit and receive circuitry.

Implementations of the invention may include one or
more of the following features. The connector may be a
two-wire connector. The transmit and receive circuitry may
include Asymmetric Digital Subscriber Line transmit and
receive circuitry. The resume signal detection circuitry may
be a 16 kHz frequency detector. The communications loop
may be a wireless communications loop. The resume signal
may be an AC signal greater than 4 kHz or may be a
multi-tone AC signal. The unit may also include a control
signal interface to receive a start-up signal, and circuitry to
transmit a resume signal upon receipt of the start-up signal.

In general, in another aspect, the invention features a
modulated data transmitting and receiving unit. The unit
includes a connector for coupling the unit to a communica-
tions loop, a control signal interface for receiving a start-up
signal, circuitry to transmit and receive a modulated data
signal at frequencies above voiceband, and circuitry to
transmit a resume signal on the loop upon receipt of a
start-up signal on the control signal interface.

Implementations of the invention may include one or
more of the following features. The communications loop
may a wireless loop. The control signal interface may be a
data interface, such as a peripheral component interconnect
(PCI) interface. The start-up signal may be indicated by
receipt of data on the control signal interface. The control
signal interface may be used for the exchange of both the
start-up signal and of data between the modulated data
transmitting and receiving unit and customer premise equip-
ment.
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