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METHOD AND APPARATUS FOR REDUCING SIGNAL PROCESSING REQUIREMENTS FOR TRANSMITTING
PACKET-BASED DATA WITH A MODEM

5

10
BACKGROUND OF THE INVENTION
Field of the Invention

15 The present invention relates to the reduction of
the required amount of signal processing in a
modulator/demodulator (modem) which is transferring
packet-based data or other information which is
intermittent in nature on a communication channel.

20

Related Art

' Modern data networks commonly use complex digital
signal processing (DSP) devices called modems to
transport data over communication channels. Data is

25 typically transported via an analog transmission signal
which is representative of a synchronous, constant rate
bit stream. This form of communication channel is
suitable for the transmission of real-time information
such as voice or video. However, it is increasingly

30 common to use modems for the transmission of
packet-based information. For example, packet-based
information is used to access the Internet and the
World Wide Web. However, packet-based information is
typically bursty in nature,-with an average data rate

35 which is often much less tbaﬁ the available peak data
transfer rate of the communication channel.
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Fig. 1 is a block diagram of a transmitter circuit
100 of a conventional modem. Transmitter circuit 100
includes packet queue 101, framer 102, channel coding
circuit 103, output shaper 104, modulator 105.and
digital-to-analog (D/A) converter 106. In accordance
with conventional modem protocols, transmitter circuit
100 transforms source data received by packet queue 101
into a continuous time anaiog transmit signal, which is
provided at the output terminal of D/A converter 106.

More specifically, within transmitter circuit 100,
the source data is grouped into packets and stored in
packet queue 101. These packets are not synchronous
with respect to the modem bit clock, but arrive at
packet queue 101 at random times. Framer 102 receives
the packets from packet queué 101, and in response,
composes a continuous bit stream which is synchrondus
with respect to the modem bit clock. To create such a
synchronous bit stream in response to the asynchronous
packets, framer 102 generates idle information (i. e.,
nulls or a marking tone) when no packets are ava;lable,
and generates packet data when packets are available.
The'packet data and idle information are delineated in
such a way that a receiver circuit of a modem (see,

e.g., Fig. 2) can determine where the packet boundaries
lie.

[

The synchronous bit stream generated by framer 102

. is then coded by channel coding circuit 103. Channel

coding circuit 103 is used to compensate for noise and
distortion in the communication channel. Channel
cbding circuit 103 provides redundant information
(e.g., convolutional encoding) to allow for error
correction. Channel coding circuit 103 further
performs a scrambling function, as well as mapping the
coded bit stream onto symbol values. The stream of
symbol values generated by channel coding circuit 103
is provided to output shaper 104.
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Output shaper 104 digitally filters the stream of
symbol values received from channel coding circuit 103.
Output shaper circuit 104 limits the frequency _
bandwidth of these symbol values within a predetermined
range and may also be adjusted to help compensate for
channel distortion. The filtered sample stream
provided by output éhaper 104 is provided to modulator
105, which modulates a carrier.signal by the filtered
sample stream. The output of modulator 105 is provided
to D/A converter 106, which generates an analog
TRANSMIT signal for transmission on the communication
channel (i.e., telephone line).

Transmitter circuit 100 exhibits three distinct
disadvantages. First, because transmitter circuit 100
transmits constantly (either packet data or idle
information), a modem can be functionally connected to
only one telephone line at any given time. Moreover,
only a small percentage of the total information

. carrying capacity of the communication channel is used
- to transmit data, while a large percentage of this

capacity is used to transmit idle information.
Additionally, transmitter circuit 100 is unsuited to
multi-drop operation on a single communication channel.

.The first disadvantage mentioned above is particularly

deleterious where a number of xDSL modems are collected
together in a central office to provide data
communications to a number of remote locations. In
this case, each remote location requires a dedicated
XxDSL modem .in the central office.

The analog TRANSMIT signal is transmitted over the
telephone line to the telephone company central office.
Within the central office, an analog to digital
converter converts the analog TRANSMIT signal into a

'digital signal. This digital signal is multiplexed

onto a digital backbone cirduit and routed to a second
central office location. The digital signal is
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demultiplexed within the second central office location
and routed over a digital trunk to a digital server
which pérforms additional processing on the digital
signal. -

Fig. 2 is a block diagram of a receiver circuit
200 of a conventional modem. Receiver circuit 200
includes analog-to-digital (A/D) converter 201,
resampler 202, equalizer 203, carrier recovery circuit
204, symbol decision circuit 205, channel decoding
circuit 206, framer 207, packet queue 208, echo
canceler 209, timing update circuit 210, equalizer
update circuit 211 and carrier update circuit 212.
Carrier recovery circuit 204 and symbol decision
circuit 205 are sometimes referred to as a demodulator
circuit. A/D converter 201 is coupled@ to the telephone
line to receive the analog signal from the telephone
company central office. A/D converter 201 samples this.
analog signal, thereby converting the analog signal

- into a digital signal.

The modem which includes receiver circuit 200 alsc
includes a transmitter circuit (i.e., a near end
transmitter circuit, not shown) which is similar to
transmitter qircuit 100. ' During full duplex operation,

. this near end transmitter circuit may be generating a

TRANSMIT gignal at the same time that receiver circuit
200 is attempting to receive the analog signal from the
remote (or far end) transmitter circuit 100. Under
these conditions}'receiver circuit 200 may receive an
echo of the TRANSMIT signal. Echo canceler 209
generates a signal'which is a replica of this echo.
The signal generated by echo canceler 209 is then
subtracted from the output signal provided by A/D
converter 201.

Resambler 202 adjusts the raw input samples
received from A/D converter 201 to match the symbol .
rate of the transmitter circuit 100. Timing update
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circuit 211 extracts timing information which is used
to control resampler 202. Equalizer 203 compensates
for linear.distortions introduced by the communication
channel (e.g., the telephone line). Carrier recovery
circuit 204 extracts the carrier signal from the
received signal and provides rough symbols (or a soft
symbol decision) to symbol decision circuit 205.
Symbol decision circuit 205 quantizes the rough symbols
and makes hard decisions as to the identity of the
received symbols. Equalizer update circuit 211 and
carrier update circuit 212 receive the symbols provided
by symbol decision circuit 205. In response, equalizer
update circuit 211 and carrier update circuit 212
determine quantizer error. In response to this
quantizer error, equalizer update circuit 211 and
carrier update circuit 212 adjust the coefficients used
by equalizer 203 and carrier recovery circuit 204,
respectively, thereby improving the accuracy of
subsequent hard symbol decisions.

Channel decoding circuit 206 uses redundant

information present in the received analog signal to

correct for quantizer errors. Channel decoding circuit
206 typicaily implements a maximum likelihood sequence
estimator (MLSE) circuit (such as a Viterbi decoder or
other form of error correction. Channel decoding
circuit 206 provides a decoded bit stream to framer
207. Finally, framer 207 decodes the bit stream into
packet data, discarding the idle information, 'and .
loading the packets of data into packet queue 208.-

The operation of receiver circuit 200 is
significantly more complex than the operation of"
transmitter circuit 100. Substantial signal processing

- is performed by receiver circuit 200, typically many

hundreds or thousands of operations per symbol
processed. Much of the signal processing is
concentrated in equalizer 203, echo canceler 209, and
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This Sheet Has Been Replaced

channel decoding circuit 206. A significant percentage
of this signal processing is dedicated to the

processing of the idle information generated by
transmitter circuit 100.

»

PCT/US98/09207

It would therefore be desirable to have a modem
system which is capable of utilizing a greaﬁex '_
percentage of the information carrying capacity of the
telephone line to transfer packet based data. It would
also be desirable to have a modem system which
minimizes the signal processing which must be dedicated
to the processing of idle symbols. It would further be
desirable to have a modem system which enables a common
modem to be functionally connected to a plurality of
telephone lines at the same time. It would further be
desirable to have a modem system which enables a common
telephone line to be used with a plurality of modems in
a multi-drop configuration.

- SUMMARY

Accordingly, the present invention provides ;:
method for operating a modem 6n a communication channel
which includes the following steps. A receiver circuit
of the modem is coupled to receive a continuous analog

"signal which is transmitted on the communication

channel. This continuous analog signal includes both
packet information and idle information. The receiver
circuit monitors the analog signal to detect the
presence of the idle information. Upon detecting the
presence of the idle information, the receiver enters a
standby mode. . In the standby mode, the amount of
processing performed by the receiver circuit is

reduced.

The reduction of the amount of processing
éerformed by the receiver circuit can be achieved by
disabling and/or reducing the processing precision of-
selected elements within the receiver circuit. For
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example, a symbol decision circuit, a channel decoder
and a framer within the receiver circuit can be
disabled during the standby mode in one embodiment of
the invention. Moreover, the processing precision of
other elements, such as an echo canceler, update
circuits and an equalizer can be reduced when the -
receiver circuit is in the standby mode. _

To detect the presence of the idle information,:
the receiver circuit fully demodulates the analog |
signal to provide a digital bit stream. This digital
bit stream is processed by the receiver circuit to
determine when packet data ceases to be transmitted on
the communication channel, and the transmission of idle
information commences. At some point after the
receiver circuit detects the start of the idle
information, the receiver circuit enters the standby
mode. At this time, various elements within the
receiver circuit are disabled and/or operated with
reduced precision. 'In addition, an idle bit pattern,
which is synchronous with the idle bit pattern
generated by'the associated transmitter circuit, is
converted to a plurality of expected idle symbols. The
expected idle symbols are then éompared with a
plurality of soft symbols which are generated by the
receiver circuit in response to the analog signal using
reduced processing within the receiver circuit. The
receiver circuit remains in the standby mode as long as
the expected idle symbols match the soft symbols.

The receiver circuit can further store a most
recent history of the analog signal in a buffer. After
the standby mode is exited, this buffer can be
accessed, thereby enabling the receiver circuit to re-
process the most recent history of the analog signal.
This helps ensure that no packet information is lost
due to the inhkerent delay in detecting the presence of
packet information.
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In accordance with anéther aspect of the present
invention, the receiver circuit can monitor the quality
of the analog signal on the communication channel and -
reduce the amount of processing performed by the
receiver circuit if the channel quality exceeds a
predetermined level. This further reduces the |
processing requirements of the receiver circuit.

In accordance with another embodiment of the
invention, a burst mode protocol is provided for
operating a modem on a telephone line. The burst mode
protocol involves modulating packets of digital
information by a transmitter circuit.of the modem,
wherein the packets of digital information are
converted into analog signal bursts of discrete

duration. These analog signal bursts are transmitted

from the transmitter circuit to the telephone line.
However, no signal is provided from the transmitter
circuit to the telephone line between the analog signal

B

.bursts. In one embodiment, a non-idle state'signii'is

appended to the beginning of the analog signal bursts
by the transmitter circuit, thereby signalling the’
presence of the analog signal bursts.

A receiver circuit of the modem monitors the -

telephone line to detect the presence and absence of

the analog signal bursts. This monitoring step is
performed by a non-idle detector within the receiver
circuit. When the non-idle detector detects the
presence of the analog signal bursts on the telephone
line, the non-idle detector causes the receiver circuit
to demodulate the analog signai bursts using full
processing capabilities of the receiver circuit.
However, when the non-idle detector detects the absence

"of the analog signal bursts on the telephone line, the

non-idle detector disables the demodulating function of
the receiver circuit. This greatly reduces the

processing requirements of the receiver circuit when

-8-



WO 98/51067 PCT/US98/09207

10

15

20

25

30

35

there are no analog signal bursts present on the
telephone line.

In one embodiment, the non-idle detector
determines the presence and absence of the analog -
signal bursts on the telephone line by monitoringithef
telephone line for the presence and absence of carrier
energy. Alternatively, the non-idle detector can:
monitor the telephone line for the presence and absence
of a non-idle state signal provided by'the transmitter
circuit. _ :

In accordance with the burst mode protocol, there
are certain periods during which the transmitter
circuit is not transmitting'any signals. During these
periods, the echo canceler of the associated local
receiver circuit can be disabled, since there will be
no echo signal to cancel during these periods. This
further reduces the processing requirements of the
receiver circuit. '

In accordance with another aspect of the present
invention, the receiver circuit can monitor the quality
of the analog signal bursts on the télephone line and
reduce the amount of processing performed by the
receiver circuit if the line quality exceeds a
predetermined level. This further reduces the

processing requirements of the receiver circuit.

In accordance with another embodiment of the
present invention, a plurality of remote transmitter
circuits, which are coupled to separate telephone
lines, generate analog signal bursts in accordance with
the burst mode protocol. The separate telephone lines
are connected together at a central location where the
analog signal bursts are multiplexed to a number of
receiver circuits. A non-idle detector is coupled to
receive the analog signal bursts from each of the
transmitter circuits, and to detect the presence and
absence of the analog signal bursts on the telephone
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lines. Typically, only a émall number of the telephone
lines will be transmitting analog signal bursts at'any
given time. The analog signal bursts are therefore
multipléxed into a number of receiver circuits which is
less than the number of telephone lines. That is, each
receiver circuit can process analég signal bursts from
a plurality of telephone lines. As a result, the
number of receiver circuits required to handle
information from a given number of telephone lines is
advantageously reduced. In a particular embodiment,
different sets of update coefficients are enabled
within the receiver circuits,-depending upon which
telephone line is currently coupled to the receiver
circuit.

The present invention also includes a method for
operating a plurality of modems on a single telephone
line (i.e., multi-drop operation). This method
includes the steps of (1) modulating packets of digital

. information by the modems, wherein the packets of *

digital information are converted into analog sigﬁél
bursts of discrete duration, (2) transmitting the "
analog signal bursts from the modems to the telephone
line, (3) providing no signal from the modems to the
telephone line between the analog signal bursts, and
(4) arbitrating the transmitting of the analog signal
bursts from the modems to the telephone line such that
only one modem is transmitting analog signal bursts to
the telephone line at any given time.

In one variation of the multi-drop method, each of
the analog signal bursts includes a preamble and a
corresponding main body. Each preamble is transmitted
in accordance with a predetermined first modem
protocol. However, the main bodies can beltransmitted'
in accordance with different modem protocols which are
different than the first mpodem protocol. For example,
the different modem protocols may implement different
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data rates, modulation formats and/or protocol
versions. The modem protocol associated with each of
the main bodies is identified by information included
in the corresponding preamble. This variation enables
devices having different operating capabilities (e.g.,
personal computers and smart appliances) to be opérably
coupled to the same telephone line in a multi-drop
configuration. | _
The present invention further includes a method
for implementing a multi-line network access circuit.
In this embodiment, digitél data packets are
transmitted from a plurality of sources (e.g., ISPs) to

a multi-line network circuit. The digital. data packets

do not include idle information. The multi-line
network access circuit identifies the telephone lines
agssociated with the digital data packets using a
destination address monitor. Digital data packets frome
different sources are multiplexed to a common digital
signal processing (DSP) resource. This common DSP
resource modulates digital data packets from different
sources. The multi-line network access circuit then
de-multiplexes the modulated digital data packets onto
telephone lines corresponding to the destination

. addresses. In one variation, a common idle generator

within the multi-line network access circuit is used to
generate common idle information for each of the
telephone lines. In another variation, a non-idle
state signal generator within the muiti-line network
access circuit is used to generate non-idle state
signalling for each of the telephone lines.

Yet another embodiment of the present invention
provides a method of implementing a multi-cast network
access circuit. In accordance with this method, a
digital data packet is transmitted from a source to the
multi-cast network access circuit. In this embodiment,
the digital data packet does not include idle
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information. The digital data packet identifies a
plurality of destination addresses to which the digital

data packet is to be transmitted. The digital data

packet is routed to a digital processing resource and
modulated. The modulated digital data packet is de- -
multiplexed to a plurality of telephone lines which
correspond to the destination addresses, thereby
completing the multi-cast operation. '

The present invention will be more fully
understood in view of the following detailed
description taken together with the drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a block diagram of a transmitter circuit
of a conventional modem;

Fig. 2 is a block diagram of a receiver circuit of
a conventional modem; '

Fig. 3 is a block diagram of a receiver c1rcu1t of

.a modem in accordance with one embodiment of the

invention; : o .

Fig. 4 is a block diagram of a receiver circuit of
a modem in accordance with a burst-mode protocol of the
present invention;

Fig. 5 is a block diagram of a multi-line network
access circuit which can be located in a central office
in accordance with one embodiment of the invention;

Fig. 6 is a schematic diagram of packet data
received on the multiple lines of the multi-line
network access circuit of Fig. 5 in accordance with one
embodiment of the invention;

Fig. 7 is a schematic diagram of a multi-drop
configuration which includes modems in a subscriber’s

'residence and a modem in the telephone company central

office;

Fig. 8 is a schematic.representation of packet

information which is transmitted by transmitter
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circuits in accordance with the burst-mode protocol of
the present embodiment;

Fig. 9 is a block diagram of a multi-line network
access circuit in accordance with another embodiment of
the present invention; and ; '

Fig. 10 is a schematic diagram of packet .
information received by and transmitted from the multi-
line network access circuit of Fig. 9.

DETAILED DESCRIPTION .

Fig. 3 is a block diagram of a receiver circuit
300 of a modem in_accordancg with one embodiment of the
present invention. Receiver circuit 300 includes A/D
converter 301, resampler 302, equalizer 303, carrier
recovery circuit 304, symbol decision circuit 305,
channel decoder 306, framer/idle detector 307, sample-
buffer 308, echo canceler 309, timing update circuit
310, equalizer update circuit 311, carrier update

~ecircuit 312, idle generator 314, idle symbol predictor

316, comparator circuit 317, packet queue 318 and
summing node 319. In combination, carrier recovery
circuit 304 and symbol decision circuit 305 form a
demodulator. In the described embodiment, A/D
converter 301 is implementéd'by a codér/decoder {codec)
chip, while the remaining elements of receiver circuit
300 are implemented by a digital signal processor
(DSP). 1In other embodiments; the elements of receiver
circuit 300 can be implemented by other means, such as
a general purpose processor. Receiver circuit 300 is
coupled to receive an- analog RECEIVE signal from
communication channel 321, which in the described
embodiment, is a telephone line. It is understood that
other communication channels, such as twisted pair
other than a telephone line, wireless, coaxial cable,
infrared or optical, can be used in other embodiments.
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In the described embodiment, the RECEIVE signal
received on communication channel 321 is an analog
signal in accordance with a conventional modem
protocol, such as xXDSL or a voice band modem protoéol..
For example, this analog RECEIVE signal could originate
from transmitter circuit 100 (Fig. 1) in the manner
previously described. Thus, the analog RECEIVE signal
received on communication channel 321 includes o
modulated packet data as well as idle information which
is interleaved with the packet data. |

A/D converter 301 samples the analog RECEIVE
signal, thereby conve;ting'the analog RECEIVE signal
into a digital signal. This digital signal is provided
to a positive input terminal of summing node 319. Echo
canceler 309 uses the local transmit signal to
adaptively predict the echo signal on communication
channel 321. As previously described, an echo of the
local transmit signal may be present if the modem which

.includes receiver circuit 300 is operating in full”

duplex mode. Echo canceler 309 applies the predicted
echo signal to the negative input terminal of summing
node 319, thereby canceling the echo signal from the
digital signal.

The digital signal output by summing node 319 is
provided to a conventional resampler 302. Resampler
302 interpolates this digital signal to generate
samples which match the symbol rate of the transmitter
circuit. Timing update circuit 310 monitors the
digital signal provided by summing node 319. Timing
update circuit 310 is a conventional element which runs
a control loop to extract symbol timing information
from this digital signal. This symbol timing

" information is provided to resampler 302, thereby

enabling resampler 302 to control the sampling process
as necessary.
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The digital signal output by summing node 319 is
further provided to sample buffer 308. Sample buffer
308 is a dual-port first-in, first-out (FIFO) circular
buffer which stores a most recent history of the _
digital signal provided by summing node 319. 1In the
described embodiment, the information stored in sample
buffer 308 is representative of a plurality N of the

most recent symbols. In one embodiment, N is equal to -

eight, although N can be any integer value. In other
embodiments N is much larger, having a magnitude on the
order of hundreds or even thousands. The operation of
sample buffer 308 is described in more detail below.
The raw input samples are routed from resampler
302 to adaptive equalizer 303. Adaptive equalizer 303
is a conventional element which modifies the raw input
samples to compensate for linear distortions introduced
by communication channel 321. To accomplish this,
equalizer 303 processes the raw input samples using a

~pPlurality of equalization coefficients which are

updated periodically within equalizer update circuit:
311 based on quantization errors measured at the output
of the symbol decision circuit 305.

Equalizer 303 provides a stream of equalized

.digital samples to carrier recovery circuit 304.

Carrier recovery circuit 304 is a conventional element
which extracts the carrier signal f£rom the equalized
digital samples and, for each digital sample, provides
a soft decision (i.e., a best estimate) concerning the
identity of the corresponding symbol. The symbols
achieved by the soft decision are hereinafter referred
to as soft symbols. The soft symbols are transmitted
to symbol decision circuit 305.

Symbol decision circuit 305 is a conventional
circuit which quantizes'the soft symbols provided by
carrier recovery circuit 304, thereby making a hard
decision as to the identity of the received symbols.

~-15-



WO 98/51067 PCT/US98/09207

10

15

20

25

30

35

The symbols achieved by the hard decision are _
hereinafter referred to as hard symbols. The hard
symbols are fed back to equalizer update circuit'311
and carrier update circuit 312. 1In response, equallzer
update circuit 311 and carrier update c1rcu1t 312 '
determine quantizer error. In response to the
quantizer error, equalizer update circuit 311 and
carrier update circuit 312 adjust the processing
coefficients used by equalizer 303 and carrier recdvery
circuit 304, respectively, thereby improving the |
accuracy of the hard decisions made by symbol dec151on
circuit 305.

The hard symbols generated by symbol decision
circuit 305 are also provided to conventional channel
decoding circuit 306. Channel decoding circuit 306
uses redundant information in present in the RECEIVE
signal to correct for quantizer errors. Channel :
decoding circuit 306 typically implements a max1mum

-likelihood sequence estimator (MLSE) circuit such as a

Viterbi decoder or some other form of error correction.

Channel decoding circuit 306 provides .a decoded bit

stream to framer/idle detector 307.
Framer/idle‘detector 307 monitors the digital bit

stream to determine if the digital bit stream is

representative of an idle bit pattern. When the
digital bit stream is representative of an idle bit

. pattern, the digital bit stream is said to represent an

IDLE state. When the digital bit stream is not
representative of an idle bit pattern (i.e., the
digital bit stream is representative of packet data),
the digital bit stream is said to represent a DATA
state. To decrease the chance of falsely détecting the

presence of an idle bit pattern, the determination can

be postponed until several successive symbols of the

idle bit pattern have been. detected by framer/idle
detector 307.
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If framer/idle detector 307 detects that the
digital bit stream is representative of packet data
(i.e., a DATA state exists), then framer/idle detector
307 de-asserts a control signal (ENTER_STANDBY) to:
disable idle generator circuit 314. Framer/idle ..
detector 307 also generates a.digital bit stream which
is representative of the received packet data. This
digital bit stream is provided to packet queue 318:for
further processing. Framer/idle detector 307 is a
conventional circuit element well known to those of
ordinary skill in the art.

If framer/idle detector 307 determines that the
digital bit stream provided by channel decoding circuit
306 is representative of an idle bit pattern (i.e., an
IDLE state exists), then receiver circuit 200 enters a
standby mode in the following manner. Framer/idle
detector 307 does not provide any output bit stream to
packet queue 318. Framer/idle detector 307 aéserts the

ENTER_STANDBY signal which enables idle generator -

circuit 314. In response, idle generator circuit 314
generates an idle bit pattern as defined by the
applicable modem protocol. This idle bit pattern is
synchronous with the pattern that receiver circuit 300
expects to receive from the corresponding transmitter
circuit. '

The idle bit battern generated by idle generator
circuit 314 is also provided to idle symbol predictor
circuit 316. In response to the idle bit pattern, idle
symbol predictor 316 generates a sequence of expected
idle symbols in accordance with the applicable modem
protocol. Thus, the idle bit pattern is converted into
a stream of expectéd idle symbols. Alternatively,
where the stream of expected idle symbols repeats with
a reasonable period, the stream of expected idle
symbols can be pre-ccmputed and stored in a table
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within receiver circuit 300, and accessed when
framer/idle detector 307 detects an idle bit pattern.
The sequence of expected idle symbols is provided
to a first input terminal of comparator circuit 317.
The second input terminal of comparator circuit 317 is
coupled to carrier recovery circuit 304, such that the
soft symbols generated by carrier recovery circuit 304
are provided to the second input terminal of compatator
circuit 317. Comparator circuit 317 compares the
expected idle symbols received from idle symbol
predictor circuit 316 with the soft symbols received
from carrier recovery circuit 304. If comparator -
circuit 317 detects a match, comparator circuit 317
allows processing to continue in standby mode by de-
asserting a control signal, EXIT_STANDBY. The de-
asserted EXIT_STANDBY signal causes receiver circuit
300 to remain in the standby wmode. In this manner, the
soft symbols provided by carrier recovery circuit 304

.are used make the determination as to whether the ~

RECEIVE signal is representative of an IDLE state.
Because the soft symbols are used to determine
whether the RECEIVE signal is representative of an IDLE
state, the following elements of receiver circuit 300
can be disabled during the stahdby mode: symbol
decision circuit 305, channel decoder 306, framer/idle
detector 307, equalizer update circuit 311 and carrier
update circuit 312. As a result, the processing
requirements of receiver circuit 300 are greatly
reduced when receiver circuit 300 operates in the
standby mode. In the described embodiment, the symbol
decision circuit 305, channel decoder 306, framer/idle
detector 307, equalizer update circuit 311 and carrier
update circuit 312 are disabled in response to the
asserted ENTER _STANDBY control signal, and are enabled
in response to the asserted EXIT_STANDBY control
signal. To further reduce the processing requirements
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of receiver circuit 300 during the standby mode,
equalizer 303, carrier recovery circuit 304, timing
update circuit 310 and echo canceler 309 can be _
operated in a reduced precision processing mode while
receiver circuit 300 is operating in the standby mode.
Even further reductions are possible by applying well
understood seguence estimation concepts. That is, the
quality of processing required to make the soft.
decision can be greatly relaxed during standby mode. .
More specifically, the length of echo canceler 309
can be significently_reduced during standby mode
because the resulting uncompensated error will be
compensated for by the vastly increased window of
comparison implemented by comparator circuit 317. In
addition, the frequency of updates within echo canceler
309 can also be reduced. The length of echo canceler
309 can also be reduced since distant echos may now be
small enough to be ignored. éimilarly, the tolerance

requirements for timing update circuit 310 can be .

greatly relaxed and the length of resampler 302 can be
shortened. = In many cases, equalizer 303 can be
disabled during standby meode. In most other cases,

equalizer 303 can be implemented with just a few taps
- of a FIR filter during standby mode. If the carrier

signal is locked to the timing, then the carrier
tracking performed by carrier recovery circuit 304 may
not be necessary if the target C/I ratio is reduced to
approximately 12 dB to provide an acceptable level of
phase jitter. If carrier recovery circuit 304 includes
a phase locked loop (PLL) to track a center frequency
of the signal provided by equalizer 303, then the
update rate of the PLL may be reduced.

An example of the reduced processing implemented
during the standby mode is described in more detail
below. The full and .reducad precision processing~modes
of equalizer 303, carrier recovery circuit 304 and echo
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canceler 309 can be entéred and exited in response to
the ENTER_STANDBY and'EXIT_STANDBY control signals.

When comparator 317 determines that a soft'SYmbol
provided by carrier recovery circuit 304 does not
correspond with an expected idle symbol prov1ded by the
idle symbol predictor circuit 316, comparator 317
asserts the EXIT_STANDBY signal. The asserted
EXIT STANDBY signal is also used to cause receiver
circuit 300 to exit the standby mode. Upon exiting the
standby mode, symbol decision circuit 305, channel
decoder 306, framer/idle detector 307, equalizer update
circuit 311 and carrier update circuit 312 are enabled.
In addition, equalizer 303, carrier recovery circuit
304 and echo canceler 309 are returned to their full
processing capabilities. _

The asserted EXIT_ STANDBY signal also causes the
most recent history of the digital signal stored in
sample buffer 308 to be provided to resampler 302. 1In

. the described example, sample buffer 308 1n1t1ally

provides the symbol which was received N symbols before
the soft symbol which failed to match the expected idle
symbol. Processing then proceeds forward from this
previous sample. By reprocessing the most recent

- history of the digital signal, the probability that

useful data is thrown away because of failure to detect
the end of the IDLE state is minimized. Moreover,
reprocessing the most recent history of the digital
signal enables the timing, carrier and equalization
update circuits to be restored to the accuracies
necessary to operate at the agreed upon transm1581on
rate,

In the foregoing example, receiver circuit 300

- must process N symbols of the most recent history of

the digital signal two times, once at reduced
Processing capability and once at <ull processing
capability. However, this re-processing enables many
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(typically thousands) of idle symbols to be processed
at a reduced processing capability. The overall result
is a large reduction in the overall processing '
requirements.

In the foregoing manner, receiver circuit 300 is
only required to operate at full processing*capability
when the RECEIVE signal transmits symbols which are
representative of data. In a packet based data _
transmission environment, this can greatly reduce the
percentage of time during which receive circuit 300
must operate at full processing capability. This
reduced processing load on receiver circuit 300 can
allow for other processing, such as non-communication
processing, to be effected by the same processing
resource used by receiver circuit 300, or can be used
to reduce power consumption of the processing element.
In another embodiment, the reduced processing load on
receiver circuit 300 can enable a single processing

_resource to perform standby idle prediction and

detection for multiple lines.. In this embodiment, the
single processing resource signals other processing
resources to schedule for full demodulation processing
when the received signal enters the DATA state.

One example'of the reduced processing possible
during standby mode will now be described. For
example, consider a quadrature amplitude modulation
(QAM) modem. Assume that all symbols have the same
probability of being transmitted (although this
asshmption.is not necessary to practice the present
invention). Each of the symbols can be defined as
having a particular location (or signal point) within a
signal constellation. The signal points are separated
by predetermined distances within the signal
constellation. In the present embodiment, the idle
symbol predictor 316 .determines the location of the
next expected idle symbol. Idle symbol predictor 316
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then defines a predicted region which laterally
surrounds the location of this expected IDLE symboi.
The predicted region has a radius, Rpgeprerep- If the soft
symbol identified by carrier recovery circuit 304 lies

within the predicted region, then this soft symbol will

be deemed to have been the expected IDLE symbol. Note
that once the transmission of useful data symbols
resumes, there is still a chance that the initial data
symbol will lie within the'predicted region of the next
expected IDLE symbol. Hohever, if the entire signal
constellation is considered, the probability of the
initial data symbol lying within the predicted region
of the expected idle symbols can be made small. As a
result, the radius Reggpeep can be made relatively large,
while the chances of incorrectly remaining in the
standby mode can be made relatively small.:

For example, assume that "Area_predicted" is the -
area of the predicted region (i.e., the area of the

.region within Reyggpieres ©f the expected IDLE symbol), “and

that "Area_total" is the area of the entire signal ™
constellation. Further assuming that for normal useful
data transmission the received symbols would be
distributed uniformly over Area_total, then the.
probability of missing the transition from an IDLE
state to a DATA state is approximately:

P,[miss] = Area_predicted/Area_total
Howevér, the probability of N useful data symbols
tracking N expected IDLE symbols (where N is an integer

greater than one) is approximately:

Pylmiss] = (Area_predicted/Area_total)”
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Using sample buffer 308 to maintain a recent history of
N samples minimizes the likelihood of missing
transitions from the IDLE state to the DATA state.

A sﬁecific example is provided below with _
hypothetical numbers. If Area_bredicted/Area;totél =

1/4 and a sequence of 8 symbols is considered (i.e.,
N=8), then, ' B

Py(miss] = (1/45s = 1.5 x 105

Furthermore, this ratio of Area_predicted/Area_total
implies that the quality of processing need only be
roughly equivalent to that of quadrature phéée shift
keying (QPSK).

I1f receiver circuit 300 fails to detect the
ﬁransition from an IDLE state to a DATA state within N
symbols, the initial data packet would be lost.
However, the modem protocol, such as V.42, or a higher

~level modem protocol would merely request

retransmission of the initial data packet.. The end
result is a brief degradation in data.throughput:iiMost-
network protocols require that packets have a minimum
size, increasing the likelihood of detection of the
initial data packet.

The probability of falsely detecting that a DATA
state exists (when an IDLE state actually exists) can
be calculated as follows. First, assume a carrier to
interference ratio (C/I) of 10.5 dB (with interference
being defined_as noise plus interference plus equalizer
mismatch plus other forms of processing degradation,
brimarily resulting from reduced processing.

Therefore, the probability of falsely detecting a DATA
state is approximately 1 x 107, based on error
probability curves for QPSK modulation. The error
prcbability curves for QPSX modulation can be used
because QPSK modulation, like the described example,
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exhibits an Area_Predicted/Area_Total ratio of 1/4.
Because there is a relatively low probability of
falsely detecting a DATA state, in one variation of the
invention; a single detected data symbol causes
receiver circuit 300 to transition to the DATA state.

Moreover, if a soft symbol which is actually -
representative of an expected idle symbol is
erroneously determined to be located outside of the
predicted region, then receiver circuit 300 merely
exits the standby mode resumes more accurate processing
of the RECEIVE signal. If the RECEIVE signal is indeed
representative of an IDLE state, receiver circuit 300
subsequently detects the IDLE state and re-enters the
standby mode. The end result is a brief degradation in
computational efficiency.

In the present example, 99.9% (i.e., 1-(1 x 107%))
of the IDLE state should be detectable. Furthermore,
sequential estimation techniques across a set of

.samples can be used.to further decrease the error 'in

idle estimation, if necessary. The associated _
transmitter circuit can enhance detection of the DATA -
states by prefixing new packet transmissions with a
preamble to trigger comparator 317.

It is estimated that the previously described
optimizations provide an order of magnitude reduction
in processing within receiver circuit 300 during the
standby mode.

In another embodiment of the present invention,
receiver circuit 300 is modified such that comparator
317 receives the equalized digital samples provided by
equalizer circuit 303, rather than the soft symbols
provided by carrier recovery circuit 304. In this

"embodiment, conventional differential processing can be

performed on the equalized digital samples provided by
equalizer circuit 303. This differential processing
determines the actual differences between successive
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equalized digital samples. In this embodiment, idle.
symbol predictor 316 is modified to provide predicted
differences between successive IDLE symbols (rather
than predicted IDLE symbols). Comparator 317 then
compares the actual differences provided by equalizer
303 with the predicted differences provided by idle
symbol predictor 316 to determine whether the signal
received on communication channel 321 is representative
of an IDLE state or a DATA state. )

The. concept of idle detection and idle symbol
prediction can be applied to other modulation types in
addition to QAM. One example of an alternative
modulation type is carrier-less amplitude and phase
(CAP)'modulation. Another example is pulse amplitude
modulation (PAM). PAM can be geometrically viewed as a
one dimensional constellation, where the ’‘areas’ .
described for in QAM example convert to ‘line lengths’
in PAM.

For multi-carrier techniques such as discrete
multi-tone modulation (DMT) (also known as orthogonal |
frequency division multiplexing, or OFDM), there is, as
in the QAM example, a channel decbding stage out of
which the IDLE state can be detected. Assuming that
the remote transmitter circuit is a single channel and
continues to transmit idle information, subsequent idle
symbols at the receiver circuit can be predicted.

Once the IDLE state has been detected, a standby
mode can be entered during which only one (or a small
subset) of the multiple carriers is processed. 1If the
output of this reduced processing matches properly with
the expected continuation of the idle sequence, then

the standby mode is maintained. Otherwise, the standby

mode is exited and full processing is resumed from a
point far enough back in the.input sample buffer to

guarantee correct demodulation of the onset of useful
data.
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In accordance with another embodihent of the
invention, the quality of the communication channel 321
can be determined by monitoring various elementé within
receiver circuit 300. For example, error correction
circuitry present in channel decoder 306 can be B
monitored to determine the quality of the established
communication channel 321 (i.e., whether a largé or
small amount of error correction is being performed).
Another measure of the gignal quality is the mean of
the square of the quantizer error (i.e., the différence
between the input and the output of the symbol decision
circuit 305). If the communication channel 321 is
determined to be a high quality connection, then the
processing within receiver circuit 300 can be reduced.
For example, equalizer 303, carrier recovery circuit
304, timing update circuit 310 and echo canceler 309
can be operated in a reduced precision processing mode
when a high quality communication channel 321 exists.

- The processing performed by receiver circuit 300 in the

reduced precision mode in accordance with this
variation is approximately 50 to 25 percent of the
processing required in the full processing mode.

In a variation of this embodiment, the quality of
the communication channel 321 can be determined using
higher protocol layers, and the processing precision of
receiver circuit 300 can be adjusted accordingly.

Where a given teiephone line is intentionally
configured to use reduced symbol rates or relaxed
number of bits per symbol, as in the case where

- subscriber data rates are adjusted according to class

of service, then processing within receiver circuit 300
can be reduced.

In another variation, echo canceler 309 can
monitor the coefficients which used to generate the
echo signal. There are typically a predetermined
number of coefficients used to generate the echo
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signal. If certain coefficients are small enough to be
ignored, the number of coefficients used to generate
the echo signal can be reduced (with the insignificant
coefficients being ignored). As a result, the
processing requirements 6f echo canceler 309 are -
advantageously reduced. R

The previously described methods are based on
modem formats that continuously signal on a _
communication channel, using'distinguishéd idle symbol
sequences within the modulation to indicate the absence
(and presence) of data.

Alternative Embodiments

In accordance with another embodiment of the
present invention, the transmitter and receiver
circuits provide for direct support of packet traffic,

- as opposed to continuous bit streams, using low-level

modem protocols. The protocol which facilitates this
packet traffic will hereinafter be referred to as:a
burst-mode protocol. In the burst-mode protocol, the .
transmitter circuit does not transmit idle information
as previously described in connection with transmitter
circuit 100 (Fig. 1). Instead, the transmitter circuit
transmits a predetermined non-idle state signal to
indicate'that packet data is about to be transmitted,
and then transmits the packet data. If the transmitter
circuit is not transmitting the predetermined non-idle
state signal or packet data, the transmitter circuit
does not transmit any signals on the communication.
channel. Stated another way, the transmitter circuit
does not transmit idle information. The transmitter

circuit only sends information when there is meaningful

packet data available to be sent.

Fig. 4 is a block diagram of a receiver circuit
400 in accordance with the. burst-mode protocsl. Many
of the elements of recéiver circuit 400 are similar to
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elements previously described in connection with
receiver circuit 300 (Fig. 3).  Thus, similar elements
in Figs. 3 and 4 are labeled with similar reference
numbers. Thus, receiver circuit 400 includes A/D 
converter 301, resampler 302, equalizer 303, carfier
recovery circuit 304, symbol decision circuit 305;
channel decoder 306, framer/idle detector 307, sample
buffer 308, echo canceler 309, timing update ciréuit
310, equalizer update circuit 311, carrier update
circuit 312 and packet queue 318. In addition,
receiver circuit 400 includes a non-idle detector
circuit 401, which is coupied to receive the output
signal provided by summing node 319.

In the burst-mode protocol, the presence of packet
data (i.e., an analog signal burst) is immediately

'preceded by a predetermined signalling on the

communication channel (i.e., a non-idle state signal).

This signalling is selected to be detected by n6n4idle
_detector 401 without the computational complexity of

full demodulation. Three such signalling schemes ‘are
discussed below. ,

First, an easily detected signal, such as a pure
tone, can be used to signal the presence of packet data

.(hereinafter referred to as a DATA state) and the

absence of packet data (hereinafter referred to as a NO
DATA state). - In the described example, the easily
detected signal is prefixed to the onset of the
transmission of packet data. Upon detecting the easily
detected signal, non-idle detector 401 enables the full
processing mode of receiver circuit 400, thereby
causing receiver circuit 400 to perform full
demodulation on the incoming RECEIVE signal. After the
packet data has been received, non-idle detector 401
detects the absence of the easily detected signal (and
the packet data) on the communication channel, and in
response, enables a reduced processing mode of receiver
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circuit 400. To enable the reduced processing mode of
receiver circuit 400, non-idle detector 401 disables
resampler 302, equalizer 303, carrier recovery circuit
304, symbol decision circuit 305, channel decoder 308,
framer/idle detector 307, echo canceler 309, timing
update circuit 310, equalizer update circuit 311,
carrier update circuit 312 and packet queue 318 of
receiver circuit 400, thereby simplifying the modem
function when there is no packet data being received
(i.e., during the NO DATA state).

In a second scheme, non-idle detector 401 monitors
the presence and absence of carrier energy within the
communication channel to determine whether packet data
is being received. Upon detecting carrier energy
within the communication channel, non-idle detector 401
enables the full processing mode of receiver qifcuit
400. When no carrier energy (or a minimum carrier
energy) is detected within the communication channel,

_non-idle detector 401 enables the reduced processing

mode of receiver circuit 400.

In a2 third scheﬁe, a sub-carrier signal is used to
signal the presence and absence of packet data. 1In
this embodiment, the sub-carrier signal is demodulated

-with much less computational requirements than the

packet data. One example of a signalling protocol
which uses a sub-carrier signal is multi-carrier
modulation (MCM) signalling. One example of multi-
carrier modulation signalling is Discrete Multi-Tone
(DMT) signalling. Although the receiver circuit used
in connection with an MCM signalling protocol
(hereinafter an MCM receiver circuit) is different from
receiver circuit 400, such an MCM receiver circuit is

‘well known in the art and can be adapted for use with a

non-idle detector in the manner described below.
In MCM signalling, the received analog signal
consists of multiple sub-channels in the frequency
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domain. In such a format, one of these sub-channels is
used by the associated transmitter circuit to signal
the presence of the DATA state. A non-idle detectbr
circuit is coupled to receive the selected'sub—chéhnel
of the incoming MCM signal. Upon detecting the éﬁb- |
channel signalling, the non-idle detector circuit”
causes the receiver circuit to enter into a full
processing mode, in which the received analog signal is
processed using the full processing capabilities of the
receiver circuit. After the packet data has been
transmitted, the sub-channel signal is de-asserted.
Upon detecting the absence of the sub-channel signal,
the non-idle detector enables a reduced processing mode
within the receiver circuit. _
In the foregoing schemes, receiver circuit 400 (or
the MCM receiver circuit) operates with a reduced level
of pfocessing to monitor the communication channel to
detect the presence of a DATA state. After a timeout

. period has expired, the communication channel can ™"

automatically be assigned to a call-inactive statﬁé,'
and the detection processing performed by non-idle
detector 401 can be reduced. The associated
transmitter circuit can then initiate a session ?y

- transmitting a non-idle state signal long enough to

ensure that non-idle detector 401 detects the
subsequent DATA state. Alternatively, receiver circuit
400 can periodically poll the other end of the
communication channel (i.e., the associated transmitter
circuit), and only enable non-idle detector 401 during
a window following each poll.

Alternatively, receiver circuit 400 can
periodically enable the non-idle detector 401 during
predetermined time intervals which can be used by the
remote transmitter circuit to signal the transmission
of a packet. A periodic poll or some other timing
signal would be used tc maintain synchronization of
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these time intervals between receiver circuit 400 and
the remote transmitter circuit. In the case of a'-
multi-line access network access circuit (described in
more detail below in connection with Fig. S), the time
intervals can be staggered across the multiple lines
such that idle detection can be shared across those
lines. 1In this manner, the processing requirements of
the receiver circuit 400 are further reduced.

In a particular embodiment, receiver circuit 400
is implemented in software in a subscriber’s personal
computer (PC). 1In this embodiment, the processing
resources required to implement receiver circuit 400
are greatly reduced during the NO DATA state. For
example,.when receiver circuit 400 demodulating a
standard V.34 signal is in the full processing mode
(i.e., during a DATA state), approximately 40 percent
of a 100 MHz Pentium™ PC’s computing resources may be
consumed by the implementation of receiver circuit 400:

 However, during the reduced processing mode (i.e.,’

during a NO DATA state), this percentage can be reduced
by approximately one order of magnitude. '

As previously described, when no packet data is
being received, there is a statistically significant
reduction in the amount of processing required within
receiver circuit 400. This reduction in processing can
be used to reduce power consumption.

In accordance with another aspect of the
invention, the quality of communication channel 321 can
be. determined in the manner previously described in
connection with receiver circuit 300 (Fig. 3). If the
quality of communication channel 321 is determined to
be relatively high, then the processing within receiver
circuit 400 can be reduced in the manner previously
described in connection with receiver circuit 300.

-In accordance with another aspect of the
inventioh, when using the burst-mode protocol, the
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local transmitter circuit associated with receiver
circuit 400 will not be continuously transmitting.
During the periods when the local transmitter circuit -
is not transmitting local transmit data, there is no
possibility of an echo signal on communication channel
321. Accordingly, echo canceler 309 can be disabled
when the local transmitter circuit is not transmitting
packet information, thereby further reducing the
processing requirements of receiver circuit 300.

In another embodiment, receiver circuit 400 is
used in a telephone company central office to implement
a multi-line network access circuit (i.e., increase the
number of lines that can be handled by a single DSP
resource). Fig. 5 is a block diagram of a multi-line
network access circuit 500 which can be located in a
central office. In another embodiment, multi-line
network access circuit 500 can be used by an internet
service provider (ISP). Multi-line network access

.circuit 500 includes a first number N of incoming *

communication channels 401-405 (e.g., telephone lines),
a corresponding number of A/D converters 411-415 and
buffers 421-425, a switch matrix 440, a second number M
of digital signal processing resources 431-433, a non-
idle detector circuit 450 and DSP allocation and
scheduling circuit 451. 1In the described embodiment, N
is an integer greater than one, and M is an integer'

. greater than or equal to one. In a particular example,

N is equal to iOO, while M is equal to 10. The ratio
of-N:M is referred to as the concentration ratio. The
larger the concentration ratio, the fewer the number of
DSP resources required to support a large number of
incoming signal lines. 1In the described embodiment,

'the concentration ratio is greater than 1:1.

Each of the corresponding telephone lines 401-405
is coupled to a corresponding subscriber (rot shown).
Each subscriber has one or more transmitter circuits
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which transmit non-idle state signalling and packet
data on the corresponding line in accordance with the
burst mode protocol previously described. Each of
lines 401-405 is coupled to a dedicated A/D converter
5 411-415. Each of A/D converters 411-415 is

substantially equivalent to the previously described
A/D converter 301 (Figs. 3 and 4). Typically, each of
A/D converters 411-415 is located within a codec which
also includes a corresponding D/A converter (not

10 shown) .

Each of the A/D converters 411-415 is coupled to a
dedicated buffer circuit 421-425. Each of buffer
circuits 421-425 operates in a first in, first out
manner, and stores a plurality of samples of the

15 incoming signals. Buffer circuits 421-425 are coupled
to switch matrix 440. Switch matrix 440 is controlled
to provide the output signals from each of buffers 421-.
425 to non-idle detector 450. Non-idle detector 450,
which includes N non-idle detector circuits (one for
20 each of lines 401-405), monitors the signals provided -
by buffer circﬁits 421-425. In response, non-idle
detector 450 determines which of the lines 401-405 are
in a DATA state and which of the lines 401-405 are in a
" NO DATA state. At any given time, it is probable that
25 only a few (if any) of the lines 401-405 will be in the
DATA state. As a result, it is possible to multiplex
" the packet data on the plurality of llnes 401-405 1nto
" a single one of the DSP circuits 431-433.
In the described embodiment, each of DSP circuits
30 431-433 includes the following elements which were -
previously described in connection with receiver
circuits 300 and 400 (Figs. 3 and 4): resampler 302,
equalizer 303, carrier recovery circuit 304, symbol
decision circuit 305, channel decoder 306, framer/idle
35 detector 307, cample .buffer 208, echo canceler 3083,
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timing update circuit 310, equalizer update circuit
311, carrier update circuit 312, and summing node 319.

Non-idle detector 450 generates a plurality of
control signals which are provided to DSP allocation
and scheduling circuit 451. = These control signals
indicate which of the lines 401-405 are carrying packet
data at any given time. In response to the control
signals, DSP allocation and scheduling circuit 451
routes the received packet data from buffers 421-425 to
DSP circuits 431-433. DSP circuits 431-433 operate in
the manner previously described in connection with
Figs. 3 and 4 to provide demodulated bit streams. The
demodulated bit streams provided by DSP resources 431-
433 are routed over digital switching circuitry to an
end destination, such as internet service provider
(ISP) .

The following example will further illustrate how
DSP allocation and scheduling circuit 451 routes the

.received packet data. Fig. 6 is a schematic diagram of

packet data received on lines 401-405. In this et
example, data packets 601, 602 and 603 are
simultaneously transmitted on lines 401, 402 and 403,
respectively. At this time, lines 404 and 405 are in a

.NO DATA state. Non-idle detector 450 detects the

presence of data packets 601, 602 and 603 in accordance
with one of the previously described non-idle
signalling schemes. Non-idle detector 450 transmits
control signals to DSP allocation and scheduling
circuit 451 indicating the presence of packet data on
lines 401, 402 and 403. In response, DSP allocation
and scheduling circuit 451 controls switch matrix 440
to route the output signals from lines 401, 402 and 403
to different ones of DSP circuits 431-433. For '
example, the packet information on line 401 can be
routed to DSP circuit 431, the packet information on
line 402 can be routed to DSP circuit 432, and the
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packet information on line 403 can be routed to DSP
circuit 433,

Subsequently, data packets 604, 605 and 606 are
received on lines 402, 403 and 404, respectively.
Again, non-idle detector 450 detects these data packets
604-606, and informs DSP allocation and scheduling
circuit 451. In response, DSP allocation and
scheduling circuit 451 controls switch matrix 440 to
route the data packets 604, 605 and 606 to different
DSP circuits 431-433. For example, data packet 604 on
line 402 can be routed to DSP 432, data packet 605 on
line 403 can be routed to DSP 433, and data packet 606
on line 404 can be routed to DSP 431. In this manner,
DSP 431 is used to process packet data from both line
401 and line 404 (i.e., data packets 601 and 606).

Subsequently, data packets 607 and 608 are
received on lines 401 and 404, respeétively. Again,
non-idle detector 450 detects these data packets 607-
608, and informs DSP allocation and scheduling circuit
451. DSP allocation and scheduling circuit 451
controls switch matrix 440 to route data packets 607
and 608 to different DSP circuits 431-433. For
example, data packet 607 on line 401 can be routed to
DSP 431 and data packet 608 on line 404 can be routed
to DSP 432. In this manner, DSP 432 is used to process
packet data from both line 402 and line 404 (i.e., data
packets 602, 604 and 608). .

DSP allocation and scheduling circuit 451
establishes and removes the previously described
routing connections by a scheduling algorithm that uses
information about queue occupancy and link activity
detection to identify those lines that have data to
process.

In accordance with the foregoing description, each
of DSP resources 431-433 is capable of processing
packet information from a plurality of lines 401-405.
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To facilitate such processing, each of DSP resources -
431-433 stores several sets of update coefficients.
Each set of update coefficients corresponds with a
particular communication channel established on one of
line 401-405. For example, if DSP resource 431 is
processing packet data received on lines 401 and 404,
then DSP resource stores two sets of update |
coefficients. A first set of update coefficients is
selected in view of the operating characteristics of
the session established on line 401 and a second set of
update coefficients is selected in view of the
operating characteristics'of the session established on
line 404. The first set of update coefficients is
enabled within DSP resource 431-when receiving packet
data on line 401, and the second set of update
coefficients is enabled within DSP resource 431 when
receiving packet data on line 404. The various sets of.
update coefficients are enabled by DSP allocation and -

. scheduling circuit 451. Each set of update

coefficients include the update coefficients assoc1ated
with timing update circuit 310, equalizer update
circuit 311 and carrier recovery update circuit 312
within the DSP resource (Figs 3 and 4).

By storing the update coefficients associated with
the various communication channels, DSP resources 431-
433 can quickly become operational upon receiving
packet information (because the update coefficients do
not need to be re-established). This scheme works well
because the same communication link, having relatively
constant signal transmission characteristics, exists on
lines 401-405 for the duration of each session.

One result of the previously described multi-line

network access circuit 500 is a reduction in the real-

time digital signal processing requirements. In
conver.tional systems, sufficient DSP resources must be
dedicated to each line to continuously perform the full

-36-



WO 98/51067 PCT/US98/09207

10

i5

20

25

30

35

modem function. However, within multi-line network

access circuit 500, most of the DSP resources 431-433
are freed up for most of the time, and can be applied
to other lines that have active packet traffic. |

Given a system designed with a certain _
concentration ratio, such as.lozl, there is some
probability that more than 10 percent of the lines 401-
405 may be receiving packet information at the same
time. By design, this probability is minimized to an
acceptable level, by controlling the concentration
ratio based on observed or predicted traffic
intensities.’ '

In existing systems with session-based
concentration mechanisms (such as call-connection used
in voice and ISDN networks), when the offered traffic
load instantanéously exceeds the'available resources,
communication is blocked. However, in accordance with
the present invgntion, buffers 421-425 store input

. samples for subsequent full precision processing.. Such

buffering allows communication to proceed during -
periods of instantaneous oversubscription with the
introduction of some additional latency. As long as
DSP resources 431-433 have sufficient capacity over the

‘buffer time period to process all of the received

packet information, no packet information will be
blocked. . .

In the described embodiment, input samples for
each of lines 401-405 are stored in corresponding
buffer cireuits 421-425. DSP allocation and scheduling
circuit 451 implements a service gueue model to
schedule the processing of the input samples within DSP
resources 431-433. Buffer circuits 421-425 enable the
smoothing of instantaneous packet traffic'peaks, where
packets arrive on many of the lines 401-405
coincidentally. The scheduling capability can be usz2d
with a Quality of Service policy mechanism to allocate
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.DSP resources 431-433 to those'lines 401-405 that

require lower latency and/or lower retransmission rate.

Additionally, this invention includes a signalling
method from the system of DSP resources 431—433'béck to
each of the modems coupled to communication channels
401-405. This signalling method is used to indicate
the buffer fill level and can be used by the remote
modems to temporarily reduce the packet transmission
rates, thereby controlling the oversubscription of the
system.

In accordance with another embodiment of the
invention, the burst-mode protocol effectively enables
multi-drop operation. In multi-drop operation,
multiple modems connected are connected to the same
communication channel using time-division multiplexing.
For example, in accordance with multi-drop operation, a
subscriber can operably couple'more than one modem to a-
single telephone line. Fig. 7 is a schematic diagiam

" of a multi-drop configuration which includes modems

1001-1003 in the subscriber’s residence 1010, and modem
1004 in the telephone company central office 1011.
Modems 1001-1004 are coupled by a twisted pair
telephone line 1012. Each of modems 1001-1004 include
a transmitter circuit and a receiver circuit which
operate in accordance with the previously described
burst-mode protocol. Because the transmitter circuits
in modems 1001-1004 do not generate IDLE symbols in
accordance with the burst-mode protocol, these
transmitter circuits do not introduce any traffic onto
telephone line 1012 during the time that the
transmitter circuits of modems 1001-1004 are not
transmitting packets. As a result, any of the
transmitter circuits of modems 1001-1004 can establish
a session on telephone line 1012 as follows.

First, the transmitter circuits coupled to the
common line 1012 can transmit packets whenever
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necessary. However, this may introduce collisions
between packet information sent by the transmitter
circuits. A better solution is to use a carrier sense
multiple access (CSMA) scheme, where each transmitter.
circuit listens to the communication channel prior to’ _
sending packet information. A common extension to CSMA
is CSMA/CD in which transmissions are immediately
terminated if collisions are detected. Such CSMA
schemes are commonly used in the ethernet field. These
CSMA schemes enable effective communication between all
modems connected to a single telephone twisted pair
wire (e.g., line 401), including a plurality of modems
in the subscriber’s home (or business) and a modem in
the telephone company central office (e.g., the modem
which includes DSP resource 431).

An alternative to the contention based protocols
described above are a class of schemes commonly
referred to as reservation based protocols. Applying

‘these well known techniques, multiple modems would use

a separate arbitration channel to decide which modem
gains access to the channel.

In an alternative embodiment, multi-drop access is
provided by implementing well known time division
multiple access (TDMA) techniques in which every
transmitter circuit is assigned a fixed time slot
during which to transmit packet information. The
advantage of this scheme is ease of implementation.

In yet other embodiments, multi-drop access is
prbvided by implementing conventional frequency
division multiple access (FDMA) schemes, code division
multiple access (CDMA) arbitration schemes, or data
sense multiple access (DSMA) schemes.

In accordance with another aspect of the present
invention, the burst-mode prétoéol enables multiple
transmitter circuits to trénsfer.data at different

rates in a rate adaptive manner. Fig. 8 is a schematic
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representation of packet information which is
transmitted by transmitter circuits in accordance with
the burst-mode protocol of the present eﬁbodiment. In
the described example, it is assumed that packet 700 is
transmitted by the transmitter circuit of modem 1001.

‘This packet 700 can be transmitted to any one or more

of the other modems 1002-1004. Packet 700 includes a
preamble 701 and a main body 702. Packet 700 is’
transmitted using a gated modulation or gated car:ier
signal. Preamble 701, which is approximately 20 to 100
symbols in length, includes information identifying the
nature of the packet 700. For example, preamble 701
can include information which identifies: (1) a version
or type field for the preamble, (2) packet source and
destination addresses, (3) the line code (i.e., the
modem protocol being used), (4) the data rate, .(5)
error control parameters, (6) packet length and (7) a
timing value for the expected reception slot of a*%

' subsequent packet.

The receiver circuits of the modems 1002-1004
coupled to the telephone line 1012 detect the
information present in the preamble 701 and establish
synchfonization at the beginning of the packet 700. 1In
the described embodiment, all preambles are transmitted
at a relatively low, common transmission rate. The
ﬁreamble 701 contains information which identifies the
data rate of the main body 702 of the packet. For
example, the preamble 701 may indicate that the main
body 702 of the packet 700 includes data which is being
transmitted at a higher data rate. The transmitter
circuit of modem 1001 then transmits the main body 702
of the packet 700 at this higher rate. The receiver
circuit identified by the destination address of
preamble 701 receives the main body 702 of the packet
700 =t the rate identified in the preamble 701.
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Returning to Fig. 8, packet 710 is representative
of a packet sent by a second transmitter circuit. 1In
the described example, packet 710 is transmitted by
modem 1004 in the central office 1011 to one or more of
the modems 1001-1003.in the subscriber’s residenééf_ ”
1010. Packet 710 includes preamble 711 and main body
712. Preamble 711 includes information which is
transmitted at the same rate as the information of
preamble 701L. However, preamble 711 indicates that the
main body 712 is transmitted at a second data rate,
which is different from the data rate of the main body
702 of packet 700.

Because the receiver circuits are informed of
these different data rates prior to receiving main body
702 and main body 712, the receiver circuits are able
to adjust for these different data rates. More
specifically, preamble 711 can be. used to select a .
different set of update coefficients for use within the

- receiver circuit to process main body 712.

The previously described rate adaptive protocol
allows both simple devices (which communicate at a’
relatively low speed) and complex devices (which
communicate at a relatively high speed) to be operably
coupled to a single telephone line at the same time.
For example, modem 1001 can be located in a personal
computer, while modem. 1002 can be located in a "smart
toaster" or similar appliance. '

The previously described rate adaptive protocol
allows a multi-line network access circuit to take
advantage of reduced processing required for receiving
packets that have a lower data rate in their main body.

~ For example, an operator may offer subscribers lower

rates in exchange for limiting packet traffic to lower
data rates during certain times or under certain
classes of service. '
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When the preamble in a burst-mode packet includes
the destination address of the packet, the receiver
circuits can monitor the destination address of the
packet, and in response, filter packets which do not
need to be demodulated, thereby reducing the procéssing
requirements of the receiver circuits. In addition,
when the preamble in a burst-mode packet includes a
source address of the packet, the receiver circuit can
recall appropriate stored configuration parameters to
speed the acquisition/demodulation of the packet.

As previously described, the preamble can also
contain error control information that will be used by
the main body of the packet. Using this scheme, the
same modem can accommodate both "expensive" error
control schemes such as might be required for video
applications, as well as "inexpensive" error control
schemes which might be used for traditional packet '
traffic. Another portion of the error control - -+

‘information can be used to "request an acknowledgement"

from the receiver circuit. If the received packet is
acceptable, then the receiver circuit will cause an
acknowledge (ack) signal to be transmitted to the modem
residing at the source address. If the received packet
is not acceptable, then the receiver circuit will cause
a no acknowledge (nack) signal to be transmitted to the
modem residing at the source address.

Fig. 9 is a block diagram of a multi-line network
access circuit 800 in accordance with another
embodiment of the present invention. In general,
multi-line network access circuit 800 facilitates the
transmission of packet information from a source which
generates digital packet information (e.g., an internet
service provider) to a subscriber’s modem which
operates in response to a conventional modem protocol
(i.e., packet data interleaved with idle information).
ﬁulti-line network access circuit 800 includes D/A
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converters 511-515, switch matrix 530, DSP resources
531-533, common idle generator 535, input packet
processor 540, DSP allocation and scheduling circuit
541, multiplexer 550 and buffer circuits 561-563.

Multiplexer 550 is coupled to a plurality of
internet service providers (ISPs) 551-553 through
buffer circuits 561-563. The present invention is not
limited to ISPs, but can be extended to any source
which transmits digital packet data. Moreover,
although three ISPs 551-553 are illustrated, it is
understood that many other sources can be coupled to
multiplexer 550.

Packets arriving from ISPs 551-553 are stored in
the corresponding input buffers 561-563. The input
packet processor 540 examines the destination addresses
associated with the incoming packets stored in buffers
561-563. In response to these destination addresses,
input packet processor 540 determines which subscriber

- telephone. line 501-505 is to receive the packet. This

information is transmitted to DSP allocation and
scheduling circuit 541. 1In response} DSP allocation
and scheduling circuit 541 selects one of the DSP -
resources 531-533 to modulate the packet data, and
sends control signals to multiplexer 550, thereby
routing the packets from the input buffers 561-563 to
the selected DSP resources 531-533. DSP allocation and
scheduling circuit 541 also controls switch matrix 530
to couple DSP resources 531-533 and common idle
generator 535 to D/A converters 511-515. Each of the
D/A converters 511-515 is coupled to a corresponding
telephone line 501-505. Each of telephone lines 501-

505 is connected to a subscriber who has a receiver

circuit that is capable of receiving packet data and

idle information. The following example will clarify

the operation of multiplexer 550 and switch matrix 530.
Fig. 10 is a schematic diagram of packet data
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received from ISPs 551-553. In this example, ISPs 551
and 552 simultaneously transmit data packets 901 ahd _
902, respectively. At this time, ISP 553 is not
transmitting a data packet. Packets 901 and 902'éie
received in input buffers 561 and 562, respectively.
Input packet processor 540 detects the arrival of data
packets 901 and 902, notifies DSP allocation and
scheduling circuit 541. In response, DSP allocation
and scheduling circuit 541 selects which DSP resource
will process each packet. _Ih the present example,
packet 901 is routed to DSP resource 531 and data
packet 902 is routed to DSP resource 532, although any
other combination of resource assignment is possible,
including the allocation of both packets 901 and 302 to
a single DSP resource.

In addition, DSP allocation and scheduling circuit
541 controls switch matrix 530 as follows. Assume that’
the data packet 901 transmitted by ISP 551 is intended

- for a subscriber connected to. telephone line 504 and

that data packet 902 is intended for a subscriber
connected to telephone line 501. In this case, switch
matrix 530 is controlled to couple DSP resource 531 to
D/A converter 514. In addition, switch matrix 530 is

‘controlled to couple DSP resource 532 to D/A converter

511. At the same time, switch matrix 530 is controlled
to couple the remaining active D/A converters 512, 513
and 515 to common idle generator 535. Common idle
generator 535 generates a stream of idle information in
accordance with a conventional modem protocol. In one
embodiment, common idle generator 535 generates the
stream of idle information in the manner previously
described in connection with idle generator 314 and
idle symbol predictor 316 (Fig. 4). 1In another
embodiment, where the stream of expected idle
information repeats with a reasonable period, the
stream of expected idle information can be pre-computed

-44- '



WO 98/51067 ‘ PCT/US98/09207

and stored in a buffer memory within common idle
generator 535. This buffer memory is then accessed
when common idle generator 535 is to generate the -
common idle signal. ~
S As a result, data packet 902 is transmitted on
telephone line 501, data packet 901 is transmitted on
telephone line 504, and idle information is transmitted
on telephone lines 502, 503 and 505. After the |
transmission of data packets 901 and 902 is complete,
10 DSP allocation and scheduliﬁg circuit 541 causes'éwitch
matrix 530 to couple D/A converters 511 and 514 to
common idle generator 535, thereby transmitting idle
information on lines 501 and 504. |
In the foregoing manner, only one DSP resource
15 (i.e., common idle generator 535) is required to
generate idle information for a relatively large number
of telephone lines. This advantageously results in a
reduced amount.of'proceséing within multi-line network
access circuit 800, when compared with prior art
20 systems which require a dedicated idle generator for
each of telephone lines 501-505. '
Multi-line network access circuit 800 also
facilitates an efficient multi-cast transmission.
scheme. Assume that ISP 553 is to transmit the same
25 data packet 903 (Fig. 10) to each of telephone lines
501-505. To accomplish this, multiplexer 550 is
controlled to route the data packet to one of DSP
resources 531-533 (e.g., DSP resource 531). DSP
allocation and scheduling circuit 541 causes switch
30 matrix 530 to route the output signal provided by DSP
' 531 to each of D/A converters 511-515. As a result,
the data packet is simultaneously multi-cast on
telephone lines 501-505 using a single one of DSP
resources 531-533 (See, Fig. '10).
35 Multi-cast datz packefs can ke interleaved with
uni-cast data packets (i.e., data packets which are
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transmitted to a single subscriber) using synchronous
or asynchronous methods. In a synchronous method, the
multi-cast data packets are transmitted from a common
buffer in a time aligned manner on all of the lines
501-505. In this method, the common buffer is
continuously loaded by the selected DSP resource. This
requires that time slots be reserved across the set of
chahnels for multi-cast data, and that DSP allocation'
and scheduling circuit 541 control the uni-cast data
transmissions to not overlap with the time slots
reserved for multi-cast data transmission.

In an asynéhronous method, the multi-cast and uni-
cast data samples for each channel are stored in a
buffer associated with the channel. Each of lines 501-
505 is driven by data stored in a corresponding buffer.
This enables the multi-cast data to be sent at
different.times on each individual.line, removing the
time slot reservation restriction of the previously”

‘'described synchronous method.

In one variation, common idle generator 541 is
eliminated from multi-line network access circuit 800,
such that idle information is not inserted between the
packet data. In this variation, the receiver circuits
coupled to lines 501-505 are replaced with receiver
circuits which operate in response to the previously
described burst-mode protocol. The non-idle signalling

. required to indicate the presence of a DATA state in
" accordance with the burst-mode protocol is performed

within multi-line network access circuit 800. For
example, this signalling can be implemented by the
individual DSP resources 531-533 or by a common
signalling circuit (not shown) which is controlled by
DSP allocation and scheduling circuit 541.

An alternative configuration of multi-line access
circuit 800 includes multiple modems that do not
include D/A converters'511-515, but instead provide
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aggregated digital signals directly to a digital trunk
line of the telephone network. The previously
described techniques apply to this configuration as
well. Similarly, A/D converters 411-415 can be
eliminated from multi-line network access circuit 500
(Fig. 5). 1In such an embodiment, multi-line network
access circuit 500 receives aggregated digital signals
directly from a digital trunk line of the telephone
network.

Aléhough the invention has been described in
connection with several embodiments, it is understood
that this invention is not limited to the embodiments
disclosed, but is capable of various modifications
which would be apparent to one of ordinary skill in the
art. For example,-although the present modems have:
been described in terms of codecs and DSP chips, it is
understood that the modems in accordance with the
present invention can be implemented entirely by

-software within a conventional X86 or X86 with MMX

processor. Moreover, although the present invention
has been described in connection with communication
channels which are telephone lines, it is understood
that other types.of communication channels can be used
to implement the present invention. 1In addition,
although the present invention has been described in
connection with selected modulation techniques (i.e.,
QAM and MCM) it is understood that other modulation
techniques, such as carrier-less amplitude and phase
(CAP) modulation, can be used. Moreover, although the
receiver circuits 300 and 400 (Figs. 3 and 4) have been
described as having a resampler 302, it is understood
that in embodiments which process baud synchronous
samples, the resampler 302 can be eliminated from these
receiver circuits. Thus, the invention is limited only
by the following claims. |
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CLAIMS
What is claimed is:

1. A method for operating a modem on a
communication channel the method comprlslng the steps
of:

receiving a continuous analog signal

transmitted on the communication channel with a

receiver circuit of the modem, the analog sighal

comprising packet information and idle
information; '

detecting the presence of the idle
information with the receiver circuit; and

entering a standby mode within the receiver
circuit upon detecting the presence of the idle
information, wherein an amount of processing
performed by the receiver circuit is reduced
during the standby mode. - ' TR

2. The method of Claim 1, further comprising the
step of disabling selected circuitry within the '
receiver circuit when the receiver circuit is in the
standby mode. | -

3. The method of Claim 2, wherein the receiver
circuit comprises a symbol decision circuit, a channel

. decoder and a framer, the method further comprising the

step of disabling the symbol decision circuit, the
channel decoder and the framer when the receiver
circuit is in the standby mode.

4. The method of Claim 1, further comprising the
step of reducing the amount of processing performed by
selected circuitry within the receiver circuit when the
receiver circuit is in the standby mode .
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S. The method of Claim 4, wherein the receiver

circuit comprises an echo canceler, the method further
comprising the step of reducing a length of the echo

canceler when the receiver circuit is in the standby
S mode .

6. The method of Claim 4, wherein the receiver
circuit comprises an equalizer, the method further
comprising the step of reducing the processing

10 requirements of the equalizer when the receiver circuit
is in the standby mode. '

7. The method of Claim 1, wherein the step of
detecting further comprises the steps of:
15 fully demodulating the analog signal with the
receiver circuit to pfovide‘a digital bit stream;
and _ o
determining whether the digital bit stream
corresponds with a predetermined idle bit stream.

20 . . , o .

' 8. The method of Claim 7, wherein the step of
entering the standby mode further comprises the step of
entering the standby mode_if'the digital bit stream
‘corresponds with the predetermined idle bit stream.

25 a |
9. The method of Claim 8, further comprising the
steps of: '

generating an idle bit pattern if the digital
bit stream cdrresponds with the predetermined idle
30 bit stream;
converting the idle bit pattern to a
plurality of expected idle symbols;
comparing the expected idle symbols with a
plurality of soft symbols which are generated by
35 the receiver circuit at a reduced processing power
in response to the analog signal; and
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remaining in the standby mode as long as the
expected idle symbols match the soft symbols.

WO 98/51067 | III

10. The method of Claim 9, further comprising the
5 step of exiting the standby mode when an expected idle
symbol does not match a corresponding soft symbol.

11. The method of Claim 10, further comprising
the steps of:

10 storlng a most recent history of the analog

signal in a buffer; and
accessing the buffer after the step of

exiting the standby mode, thereby enabling the
receiver circuit to process the most recent

1s history of the analog signal.

12. The method of Claim 8, further comprising the
steps of: : "
' generating an idle bit pattern if the digital

20 bit stream corresponds with the predetermined idle
bit stream;

converting the idle bit pattern to a
plurality of expected differences between
successive idle symbols; '

25 "comparing the expected differences with a
plurality of actual differences between successive
idle symbols which are generated by the receiver
circuit at a reduced processing power in response
to the analog signal; and

30 remaining in the standby mode as long as the
expected differences correspond with the actual
differences.

13. The method of Claim 8, further comprising the
35 steps of:
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accessing a memory which stores a repetitive
pattern of expected idle symbols if the digital
bit stream corresponds with the predetermined idle
bit stream; . -

comparing the expected idle symbols with a
plurality of soft symbols which are generated by
the receiver circuit at a reduced processing power
in response to the analog signal; and

remaining in the standby mode as long as the
expected idle symbols match the soft symbols.

PCT/US98/09207

14. The method of Claim 1, wherein the analog

signal comprises a multi-carrier signal having a
plurality of sub-carrier signals, wherein the step of
15 detecting further comprises the steps of:

20

steps of:

25

30

selectively demodulating one or more of the
sub carrier signals with the receiver circuit to
provide a digital bit stream; and

determlnlng whether the dlgltal bit stream
corresponds w1th a predetermlned idle bit stream.

15. The method of Claim 1, further comprising the

monitoring thé quality of the analog signal
on the communication channel by the receiver
circuit; and

reducing the amount of processing performed
by the receiver circuit if the quality exceeds a
predetermined stanoard.

16. The method of Claim 1, further comprising the

steps of:

35

- -51- ,
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determining a symbol rate and signal

constellation associated with the analog signal;
and '
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adjusting the amount of processing performed
by the receiver circuit to a predetermined quality
level associated with the determined symbol rate
and signal constellation.

5
17. A receiver circuit for use in a modem, the
receiver circuit comprising:
means for receiving a continuous analog
signal which comprises packet information and idle
10 information;

- means for detecting the presence of the idle
information; and '
means for entering a standby mode within the
receiver circuit upon detecting the presence of
15 the idle information, wherein an amount'of
processing performed by the receiver circuit is
reduced during the standby mode.

18. A receiver circuit for use in a modem, the
20 receiver circuit comprising: | ' .
an analog to digital (A/D) converter for
receiving an analog signal which comprises packet
information.and idle information; '
a carrier recovery circuit coupled to the A/D
25 converter, wherein the carrier recovery circuit
provides soft symbol decisions regarding the
identity of the packet information and idle
information;
a symbol decision circuit coupled to the
30 carrier recovery circuit, wherein the symbol.

' decision circuit provides hard symbol decisions
regarding the identity of the packet information
and idle information; and

an idle detector circuit coupled to the
35 symbol decisicn circuit, wherein the idle detector
circuit detects the presence of idle information
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in response to the hard symbol decisions provided
by the symbol decision circuit, and wherein the
idle detector circuit instructs the receiver

PCT/US98/09207

circuit to enter a reduced processing mode upon
detecting the presence of idle information.

19. The receiver circuit of Claim 18, further

comprising:

10

15

20

25

an idle generator circuit coupled to the idle
detector circuit, wherein the idle generator
circuit generates an idle bit pattern when the
idle detector detects the presence of idle
information;

an idle symbol predictor coupled to the idle
generator circuit, wherein the idle symbol
predictor provides a plurality of expected idle
symbols in response to the idle bit pattern; and

a comparator coupled to the idle symbol
predictor and the carrier recovery circuit,
wherein the comparator compares the expected idle
symbols with the soft symbol decisions, wherein
the comparator causes the receiver circuit to
remain in the standby mode as long as the expected
idle symbols match the soft symbol decisions and
wherein the comparator causes the receiver circuit
to exit the standby mode when an expected idle
symbol does not match the soft symbol decision.

20. The receiver circuit of Claim 18, further

30 comprising a buffer coupled to the A/D converter,
" wherein the buffer stores a most recent history of the
analog signal. '

21. A receiver circuit for use in a modem, the

35 receiver circuit comprising:

LLITS
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an analog to digital (A/D) converter for
receiving an analog signal which comprises packet
information and idle information; |

an equalizer circuit coupled to the A/D
converter, wherein the equalizer circuit provides
actual equalized digital samples which correspond
to the identity of the packet 1nformatlon and 1dle
information; _

a symbol decision circuit coupled to the
equalizer circuit, wherein the symbol decision
circuit provides hard symbol decisions regarding
the identity of the packet information and idle
information; and

an idle detector circuit coupled to the
symbol decision circuit, wherein the idle detector

~ circuit detects the presence of idle information

in response to the hard symbol decisions provided
by the stbol decision circuit, and wherein the
idle detector circuit instructs the receiver
circuit to enter a reduced processing mode upon
detecting the presence of idle information.

22. The receiver circuit of Claim 21, further

comprising:

25

30

35

an idle generator circuit couﬁled to the idle
detector circuit, wherein the idle generator
circuit generates an idle bit pattern when the
idle detector detects the presence of idle
1nformatlon,

an idle symbol predictor coupled to the idle
generator circuit, wherein the idle symbol
predictor provides a plurality of expected
equalized digital samples associated with expected
idle symbols in response to the idle bit pattern;

‘and
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a comparator coupled to the idle symbol
predictor and the equalizer circuit, wherein the
comparator  compares the expected equalized digital
samples with the actual equalized digital samples,
wherein the comparator causes the receiver cifcﬁit
to remain in the standby mode as long as the
expected equalized digital samples match the
actual equalized digital samples, 'and wherein the
comparator causes the receiver circuit to exit the
standby mode when an expected equalized digital

sample does not match an actual equalized digital
sample.

23. A method for operating a modem on a telephone
line, the method comprising the steps of:

' | modulating packets of digital information by
a transmitter circuit of the modem, wherein the
packets of digital .information are converted into
analog signal bursts of discrete duration;

transmitting the analog signal bursts from
the transmitter circuit to the telephone line; and

providing no signal from the transmitter
circuit to the telephone line between the analog
signal bursts.

24. The method of Claim 23, wherein the step of
modulating comprises performing quadrature amplitude
modulation (QAM) - on the packets of digital information.

25. The method of Claim 23, wherein the step of
modulating comprises performing carrier-less amplitude

and phase modulation (CAP) on the packets of digital
information.

26. The method of Claim 23, wherein the step of
modulating comprises performing multi-carrier
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modulation with respect to the packets of digital
information. '

27. The method of Claim 23, wherein the telephone
line comprises an unshielded: tw1sted palr.

28. The method of Claim 23, further comprising
the step of transmitting an analog non-idle state
signal by the transmitter circuit, wherein the non-idle

state signal is appended to the beginning of the analog
signal bursts.

29. The method of Claim 28, wherein the non-idle
state signal is a pure tone signal.

30. The method of Claim 28, wherein the non-idle
state signal is a sub-carrier signal within a discrete -
multi-carrier signalling scheme.

31. The method of Claim 23, further comprising
the steps of:

monitoring the telephone line with a receiver
circuit of the modem;

detecting the presence and absence of the
analog signal bursts on the telephone line by a
non-idle detector of the receiver circuit;

demodulating the analog signal bursts with
the receiver circuit when the non-idle detector
detects the presence of the analog signal bursts
on the telephone line; and

disabling the demodulating within the
receiver circuit when the non-idle detector
detects the absence of the analog signal bursts on
the telephone line.
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32. The method of Claim 31, wherein the step of
detecting comprises the step of monitoring the "
telephone line for the presence and absence of energy.

5 33. The method of Claim'31, further comprising
the step of transmitting an analog non-idle state
signal by the transmitter circuit prior to each of the
analog signal bursts, wherein the step of detecting

comprises the step of monitoring the telephone llne for
10 the non-idle state signal.

34. The method of Claim 31, further comprising
the step of disabling an echo canceler within the
receiver circuit in the absence of local transmit data.

15 '

35. The method of Claim 31, further comprising
the steps of: S
monitoring the quallty of the analog signal
bursts on the telephone line by the receiver
20 + ecircuit; and '
reducing the amount of processing performed
by the receiver circuit during the demodulation
step if the quality exceeds a predetermined
standard.
25
36. The method of Claim 23, further comprising
the steps of: _ '
monitoring the telephone line during pre-
determined discrete time intervals with a receiver
30 circuit of the modem; and ' '
detecting the presence and absence of the
analog signal burst on the telephone line by a
non-idle detector of the receiver circuit during

the discrete time intervals.
35
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37. The method of Claim 23, further comprising
the steps of: 7

monitoring the telephone line with a receiver
circuit of the modem;

decoding the analog signal bursts with the
receiver circuit to determine modulation
parameters associated with the analog signal
bursts; and -

adjusting the level of processing performed
by the receiver circuit to a predetermined level
associated with the determined modulation
parameters.

38. The method of Claim 37, wherein the .
modulation parameters comprise a symbol rate and a
signal constellation.

39. The method of .Claim 37, wherein the

‘modulation parameters comprise an error correction -

scheme.

40. A modem system for transmitting information
on a telephone line, the modem system comprising:

meéns for modulating packets of digital
information by a transmitter circuit of the modem,
wherein the packets of digital information are
converted into analog signal bursts of discrete
duration;

means for transmitting the analog signal
bursts from the transmitter circuit to the
telephone line; and

means for providing no signal from the
transmitter circuit to the telephone line between
the analog signél bursts.
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41. The modem system of Claim 40, further
comprising:

means for monitoring the telephone line with
a receiver circuit of the modem; .

5 means for detecting the presence and absence’
of the analog signal bursts 6n the telephone line
by a non-idle detector of the receiver circuit;

means for demodulating the analog signal
bursts with the receiver circuit when the non-idle

10 detector detects the presence of the analog signal

bursts on the telephone line; and

means for disabling the demodulating within
the receiver circuit when the non-idle detector
detects the absence of the analog signal bursts on

15 the telephone line.

42. A method for transferring information on a
telephone line, the method comprising the steps of:
modulatinglbackets of digital information by
20 - a first transmitter circuit, wherein the packets
of digital information are converted into first
analog signal bursts of discrete duration, and
wherein the first transmitter circuit is coupled
to a first telephone line;
25 providing no signal from the first
transmitter circuit to the first telephone line
between the first analog signal bursts; '
modulating packets of digital information by
a second transmitter circuit, wherein the packets
30 of digital information are converted into seeond
analog signal bursts of discrete duration, and
wherein the second transmitter circuit is coupled
to a second telephone line;
providing no signal from the second
35 . transmitter circuit té the second telephone line
between the second analog signal bursts;
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monitoring the first and second telephone
lines with a multi-line network access c1rcu1t

detectlng the presence and absence of the
first and second analog 31gnal bursts on the
telephone line by a non-idle detector of multi-
line network access circuit; |

demodulating the first and second analog
signal bursts with a single receiver circuit of
the multi-line network access circuit when the
non-idle detector detects the presence of the
first and second analog signal bursts on the.
telephone line; and

disabling the demodulating withinxthe
receiver circuit when the non-idle detector
detects the absence of the first and second analog
signal bursts on the telephone line.

43. The method of Claim 42, further comprising

"the step of buffering the first and second analog
20 signal bursts within the multi-line network access
circuit.

44. The method of Claim 42, further cdmprising

"the steps of:

25

30

35

‘selecting a first set of operating
coefficients within the receiver circuit to
process the first set of analog signal bursts; and

selecting a second set of operating
coefficients within the receiver circuit to
process the second set of analog signal bursts.

-45. A modem system comprising:

a plurality of analog to digital (A/D)
converters coupled to a ‘corresponding plurality of
telephone lines;’ )
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a non-idle detector circuit coupled to each
of the A/D converters, wherein the non-idle"
detector identifies a first set of telephone lines
which are carrying packet information and a second
set of telephone lines which are not carrying
packet information; and

a scheduling circuit coupled to the non-idle
detector circuit, wherein the scheduling circuit
couples the A/D converters associated with the
first set of telephone lines to one or more
digital signal processing resources, wherein a
plurality of the telephone lines are operably

coupled to a single digital signal processing
resource.

46. The modem system of Claim 45, further

comprising a buffer coupled to each of the A/D
converters.

20

47. A method for operating a plurality of modems

on é single telephone line, the method comprising the
steps of: '

25

30

35

modulating packets of digital information by
the modems, wherein the packets of digital
information are converted into analog signal
bursts of discrete duration;

transmitting the analog signal bursts from
the modems to the telephone line;

providing no signal from the modems to the
telephone line between the analog signal bursts;
and '

arbitrating the transmitting of the analog
signal bursts from the modems to the telephone
line such that only one modem is transmitting

analog signal bursts to the telephone line at any
given time.
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48. The method of Claim 47, further comprising
the steps of:

monitoring the telephone llne with the
modems ;

detecting the presence and absence of the

iy Mo~ —

analog signal bursts on the telephone line by non-

idle detectors within the modems; _

' demodulating the analog signal bursts with
the modems when the non-idle detectors detect the
presence of the analog signal bursts on the
telephone line; and

disabling the demodulating within the modems
when the non-idle detectors detect the absence of
the analog signal bursts on the telephone line.

49. The method of -Claim 47, further comprising
the step of locating a plurallty of the modems at a

subscriber'’s re31dence

50. The method of Claim 47, further comprising
the step of locating one of the modems at a telephone
company central office.

51. The method of Claim 47, further comprising

the step of locating one of the modems at a telephone
company remote terminal.

52. The method of Claim 47, wherein the step of
arbltratlng is performed in accordance with a
contention based protocol.

§3. The method of Claim 47, wherein the step of

arbitrating is performed using a reservation based
protocol.
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54. The method of Claim 47, wherein the step of
arbitrating is performed in accordance with a frequency
division multiple access (FDMA) protocol. '

5 55. The method of Claim 47, wherein the step of -
arbitrating is performed in accordance with a code’
division multiple access (CDMA) protocol.

56. The method of Claim 47, wherein the step of
10 arbitrating is performed in accordance with a time
division multiple access (TDMA) protocol.

57. The method of Claim 47, wherein each of the
analog signal bursts comprises a preamble and a
15 corresponding main body, the method further comprising
the steps of:
transmitting each preamble in accordance with
a predetérmined first modulation protocol; and
transmitting a first main body associated
20 with a first preamble in accordance with a second
modulation protocol.

58. The method of Claim 57, wherein the second
‘modulation protocol has a data rate which is greater
25 than a data rate associated with the first modulation
protocol and wherein the second modulation protocol is
identified by the first preamble.

59. 'The method of Claim 57, wherein the first
30 preamble identifies a level of error control for the
~  second modulation protocol.

60. The method of Claim 57, wherein the first
preamble identifies a version or type of the first
35 preamble.
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61. The method of Claim 57, wherein the first
preamble identifies source addresses assoc;ated w1th
the analog signal bursts.

PCT/US98/09207 "

62. The method of Claim 57, ‘wherein the flrst 3
preamble identifies destination addresses assoc1ated
with the analog signal bursts.

63. The method of Claim 57, wherein the first
preamble identifies line codes associated with the
analog signal bursts. '

64. The method of Claim 57, wherein the first
preamble identifies packet lengths associated w1th the
analog signal bursts.

65. The method of Claim 57, wherein the first
preamble identifies expected tlme 1ntervals between

'success1ve analog signal bursts.

66. The method of Claim 57, further comprising
the step of:
transmitting a second main body associated
with a second preamble in accordance with a third
modulation.protocol.

67. The method of Claim 66, wherein the third
modulation protocol is dlfferent from the second
modulatlon protocol.

68. A modem system having a plurality of modems
operably connected to a single'telephone line, the
modem system comprising:

means for modulating packets of digital
information by the modems, wherein the packets of
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digital information are converted into analog
signal bursts of discrete duration; ] .
means for transmitting the analog signal:
bursts from the modems to the telephone line;
5 means for providing no signal from the modémé
| to the telephone line between the analog siéﬁéi' |
bursts; and
means for arbitrating the transmitting of the .
analog signal bursts from the modems to the
10 telephone line such that only one modem is

transmitting analog signal bursts to the telephone
line at any given time.-

69. A method of implementing a multi-line network

15 access circuit, the method comprising the steps of:

transmitting a plurality of digital data
packets from a plurality of sources .to a multi-
line network circuit, wherein the digital data
packets do not include idle information;

20 identifying destination addresses associated
with the digital data packets using an address
monitor within the multi-line network access
circuit;

multiplexing digital data packets from
25 different sources to a common digital signal
processing resource;
. modulating digital data packets from
' different sources with the common digital signal
processing resource; and

30 de-multiplexing the modulated digital data

' packets from the common digital signal processing
resource onto telephone lines which are associated
with the destination addresses.

-65-

) THIS SHEET HAS BEREN
AR AR O R
* [ L M s *




WO 98/51067 | |II

10

15

20

25

30

This Sheet Has Been Replaced

70. The method of Claim 69, further comprising
the step of generating idle information for each of the
telephone lines using a common idle generator.

PCT/US98/09207"

71. The method of Claim 69 ‘wherein the common
idle generator generates the idle information by
accessing a memory which stores the idle information.

72. The method of Claim 69, further comprising
the step of generating non-idle state signalling for
each of the telephone lines using a non-idle state
signal generator. '

73. A method of implementing a multi-cast network
access circuit, the method comprising the steps of:
transmitting a digital data packet from a
source to the multi-cast network access circuit,
wherein the digital data-packet.does not include
idle information; : '
identifying a plurality of destination
addresses associated with the digital data packet;
routing the digital data packet to a digital
signal processing resource;
modulating the digital data packet with the
digital signal processing resource; and
de-multiplexing the modulated digital data
packet from the common digital signal processing
resource to a plurality of telephone lines
associated with the destination addresses.
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