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(57) ABSTRACT

Methods, systems, and computer readable media can be oper-
able to dynamically determine an optimal number of equal-
izer taps to be used at an upstream receiver based upon exist-
ing conditions on an upstream channel. Pre-equalizer
coefficients associated with an upstream channel can be used
to determine an optimal number of equalizer taps to be used at
an upstream receiver. The number of equalizer taps can be
dynamically determined for an individual customer premise
equipment device or for a plurality of customer premise
equipment devices using the same upstream channel.
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ALGORITHMICALLY ADJUSTING THE
NUMBER OF EQUALIZER TAPS IN AN
UPSTREAM RECIEVER

TECHNICAL FIELD

[0001] This disclosure relates to dynamically determining
the number of equalizer taps to be used in an upstream
receiver.

BACKGROUND

[0002] The Data-Over-Cable Service Interface Specifica-
tion (DOCSIS) was established by cable television network
operators to facilitate transporting data traffic, primarily
Internet traffic, over existing cable television (CATV) net-
works. In addition to transporting data traffic, as well as
television content signals over a CATV network, multiple
services operators (MSO) also use their CATV network infra-
structure for carrying voice, video on demand (VoD) and
video conferencing traffic signals, among other services.
[0003] In an upstream receiver, such as is used in a cable
modem termination system (CMTS), an increase in the num-
ber of taps used in an adaptive equalizer can result in an
improved modulation error ratio (MER), and thus, reduced
forward error correction (FEC) errors, when there are signifi-
cant upstream channel impairments (e.g., frequency roll-off,
channel micro-reflections, etc.). However, the use of addi-
tional taps can negatively impact the noise margin on the
upstream channel when there are no upstream impairments
and can reduce the number of available hardware resources
used to filter signals (e.g., multipliers and delay taps). Current
upstream CMTS receivers use a global register setting that is
set by software for all types of upstream channel conditions.
Typically, the register setting is set for worst case upstream
conditions. Therefore, when the upstream channel is rela-
tively clean, filtering resources are likely being used unnec-
essarily and noise margins are likely being lost. It is desirable
to improve upon the techniques for determining a number of
equalizer taps to be used in an upstream receiver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram illustrating an example
network environment operable to dynamically determine an
optimal number of equalizer taps to be used based upon
existing conditions on an upstream channel.

[0005] FIG. 2 is a block diagram illustrating an example
CMTS operable to dynamically determine an optimal number
of'equalizer taps to be used based upon existing conditions on
an upstream channel.

[0006] FIG. 3 isa flowchart illustrating an example process
operable to dynamically determine an optimal number of
equalizer taps to be used based upon comparisons between
pre-equalized and non-pre-equalized signals.

[0007] FIG. 4is a flowchart illustrating an example process
operable to dynamically determine an optimal number of
equalizer taps to be used based upon existing conditions on an
upstream channel.

[0008] FIG. 5 is a block diagram of a hardware configura-
tion operable to dynamically determine an optimal number of
equalizer taps to be used based upon existing conditions on an
upstream channel.

[0009] Like reference numbers and designations in the
various drawings indicate like elements.
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DETAILED DESCRIPTION

[0010] Inembodiments, methods and systems can be oper-
able to facilitate dynamically determining an optimal number
of equalizer taps to be used in an upstream receiver based
upon existing conditions on an upstream channel. In embodi-
ments, existing conditions on an upstream channel can be
determined based on energy in one or more equalizer taps
associated with an upstream receiver. For example, energy in
one or more equalizer taps can be determined from equaliza-
tion coefficients (e.g., pre-equalization coefficients generated
according to DOCSIS specifications) associated with one or
more devices (e.g., cable modem).

[0011] Inembodiments, equalization coefficients are coef-
ficients used in a post-equalizer in a CMTS and pre-equaliza-
tion coefficients are used in a cable modem to pre-distort a
signal in preparation for propagation through a channel so
that the pre-distorted signal can be received flat at the CMTS.
[0012] Inembodiments, for initial transmissions, equaliza-
tion coefficients are determined via the post-equalizer in the
CMTS and are sent to the cable modem to be used as pre-
equalization coefficients. In embodiments, for data transmis-
sions following an initial transmission, the CMTS uses the
post-equalizer to remove any leftover distortion that might
exist in the signal. In embodiments, for station maintenance
signals, the CMTS uses the post equalizer to remove any
leftover distortion in the signal and the CMTS sends resulting
post-equalizer coefficients (e.g., coefficients resulting from
the post-equalization process) to the cable modem to reload
orupdate the cable modem’s pre-equalization coefficients via
the process of convolution between the new and existing
coefficients.

[0013] In embodiments, pre-equalizer coefficients associ-
ated with one or more devices can be used as the basis for
determining a number of equalizer taps to be used in an
upstream receiver. It should be understood that various meth-
ods can be used in basing a number of equalizer taps on
pre-equalizer coefficients, and the methods provided in this
disclosure are not meant to limit the scope of this invention,
but are rather meant to provide examples of the invention.
[0014] FIG. 1 is a block diagram illustrating an example
network environment 100 operable to dynamically determine
an optimal number of equalizer taps to be used based upon
existing conditions on an upstream channel. In embodiments,
a headend 105 can provide video service(s) and/or data ser-
vice(s) to customer premise equipment (CPE) devices 110a-d
in one or more subscriber groups (e.g., service group(s)). The
CPE devices can include, for example, a cable modem 110a,
a set-top box 1105, a wireless router including an embedded
cable modem 110¢, or a media terminal adapter (MTA) 1104,
among many others (e.g., digital subscriber line (DSL)
modem, voice over internet protocol (VOIP) terminal
adapter, video game console, digital versatile disc (DVD)
player, communications device, etc.). A cable modem or
embedded MTA (eMTA) 110a can facilitate communications
from the headend 105 to a computer 115a. A set-top box 1105
can facilitate communications from the headend 105 to a
television 1156 or a digital video recorder (DVR). A wireless
router 110c can facilitate wireless communications between a
computer 115¢ and a headend 105. An MTA 1104 can facili-
tate communications between a telephone 115d and a head-
end 105.

[0015] The CPE devices 110a-d can communicate with the
headend 105 via a hybrid fiber-coax (HFC) network 120. The
headend 105 can facilitate communications between one or
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more network(s) 130 and the CPE devices 110a-d. In embodi-
ments, the network(s) 130 can include one or more networks
internal to the headend and/or one or more networks external
to the headend (e.g., one or more extranets, the Internet, etc.).
The network(s) 130, for example, can operate using internet
protocol (IP), sending data packets to and receiving data
packets from the headend 105. In further examples, one or
more video sources may provide streaming data through the
network(s) 130 to the headend 105.

[0016] Inembodiments, the CMTS 125 can separate video
content into various streams or channels to be transmitted
(e.g., broadcast, multicast, unicast, etc.) to the CPE devices
110a-d. For example, each of the various streams or channels
can represent a specific bandwidth at a frequency associated
with a specific content provider and/or network. In embodi-
ments, the CMTS 125 can designate one or more channels for
upstream traffic (e.g., signal(s) sent from a CPE device
110a-d to the CMTS 125).

[0017] Inembodiments, traffic on an upstream channel can
be degraded by upstream impairments existing on the
upstream channel. During a ranging process between a CPE
device 110a-d and CMTS 125, and during subsequent com-
munications between the CPE device and CMTS, the CMTS
can assign one or more pre-equalization coefficients to the
CPE device. For example, the pre-equalization coefficients
can be based on the extent of upstream impairments existing
on an associated upstream channel. In embodiments, pre-
equalization coefficients can be associated with an equalizer
tap in an upstream receiver. For example, a pre-equalizer
coefficient can be associated with the main equalizer tap of an
upstream receiver and other pre-equalizer coefficients can be
associated with the plurality of non-main equalizer taps of the
upstream receiver. In embodiments, the CPE device 110a-d
can use the one or more pre-equalization coefficients to pre-
distort an upstream signal so that the upstream signal is cor-
rected by the upstream impairments and arrives at the CMTS
125 free of distortion.

[0018] FIG. 2 is a block diagram illustrating an example
CMTS operable to dynamically determine an optimal number
of'equalizer taps to be used based upon existing conditions on
an upstream channel. The CMTS 125 can include a network
interface 210, a client interface 220, and equalizer tap logic
230. In embodiments, the network interface 210 can be an
Ethernet interface and can be used to provide an interface to
one or more networks (e.g., network(s) 130 of FIG. 1). In
embodiments, the client interface 220 can be a radio fre-
quency interface (e.g., coaxial cable) and can be used to
provide an interface to a HFC network (e.g., HFC network
120 of FIG. 1). It should be understood that in various imple-
mentations, the client interface 220 can be a generic network
interface to a local area network (LAN), wide area network
(WAN), or other applicable network. In embodiments, the
client interface 220 can be used to provide an interface to one
or more CPE devices (e.g., CPE devices 110a-d).

[0019] In embodiments, equalizer tap logic 230 can be
operable to identify pre-equalization coefficients associated
with one or more upstream signal sources (e.g. CPE device
110a-d), and to determine a number of equalizer taps to be
used in an upstream receiver based on the identified pre-
equalization coefficients. For example, based on a ratio
between a pre-equalization coefficient associated with a main
tap and pre-equalization coefficients associated with one or
more non-main taps, equalizer tap logic 230 can make a
determination as to the effectiveness of pre-equalization coef-
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ficients and equalizer taps within the associated upstream
channel. Based on the effectiveness of pre-equalization coef-
ficients and equalizer taps, equalizer tap logic 230 can make
a determination as to the number of equalizer taps to be used
in the upstream receiver associated with the equalizer taps.
[0020] FIG. 3 is a flowchart illustrating an example process
300 operable to dynamically determine an optimal number of
equalizer taps to be used based upon comparisons between
pre-equalized and non-pre-equalized signals.

TABLE 1
Pre- Non-Pre-
equalization  Equalization
Ratio Ratio Condition Action
Large Large Clean Plant Use Small
Number of
Equalizer Taps
Large Small Pre-Equalization Use Small
Handling Number of
Impairments Equalizer Taps
Small Large Non-Optimal Reset
Pre-Equalization Pre-Equalization
Coefficients Coefficients
and/or Disable
Pre-Equalization
Small Small Pre-Equalization Use Large
Not Handling Number of
Impairments Equalizer Taps
[0021] TABLE 1 shows the conditions and actions that are

described by the process 300. A large pre-equalization ratio
coupled with a large non-pre-equalization ratio can suggest
that a plant is clean and that a small number of equalizer taps
can be used. A large pre-equalization ratio coupled with a
small non-pre-equalization ratio can suggest that pre-equal-
ization is handling impairments and that a small number of
equalizer taps can be used. A small pre-equalization ratio
coupled with a large non-pre-equalization ratio can suggest
that less than optimal pre-equalization coefficients are being
used and the pre-equalization coefficients can be reset and/or
pre-equalization can be disabled. A small pre-equalization
ratio coupled with a small non-pre-equalization ratio can
suggest that pre-equalization is not handling impairments and
that a large number of equalizer taps can be used.

[0022] The process 300 can begin at 305, when a determi-
nation is made to optimize the number of equalizer taps used
in association with a plurality of modems. It should be under-
stood that the process 300 can be operable to dynamically
determine an optimal number of equalizer taps to be used on
a per channel or per cable modem basis.

[0023] At 310, a determination can be made whether a
received signal (e.g., a signal received by a CMTS from a
cable modem) is an initial transmission from a CPE device
(e.g., an initial maintenance request, a first station mainte-
nance request, etc.). A determination whether the received
signal is an initial transmission can be made, for example, by
logic within a CMTS (e.g., equalizer tap logic 230 of FIG. 2).
For example, equalizer tap logic 230 can determine whether
the associated CMTS has received a signal from the CPE
device based upon information and/or data contained in
received packets (e.g., CPE device identification data, signal
type identification information, etc.).

[0024] If, at 310, the determination is made that the
received signal is an initial transmission, the process 300 can
proceed to 315. At 315, a large number of equalizer taps can
be used to remedy degradations in signals received from the
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CPE device. For example, in some implementations, where
the received signal is an initial transmission, all equalizer taps
available for use within an associated upstream receiver can
be used to remedy degradations in signals received from the
CPE device. Initial signal transmissions from a CPE device
are not subjected to pre-equalization because an associated
CMTS has not been provided with the opportunity to assign
pre-equalization coefficients to the CPE device. Therefore, a
large number of equalizer taps can be used to remedy degra-
dations in signals transmitted from the CPE device that result
from impairments existing in the upstream channel until the
effectiveness of pre-equalization by the CPE device can be
determined.

[0025] At 320, a non-pre-equalization ratio (r,,,,,,.,) aSS0-
ciated with one or more signals that are not pre-equalized
(e.g., initial signals transmitted from a CPE device to a
CMTS, ranging requests, etc.) can be computed. A non-pre-
equalization ratio associated with one or more signals that are
not pre-equalized can be computed, for example, by logic
within a CMTS (e.g., equalizer tap logic 230 of FIG. 2). For
example, the non-pre-equalization ratio can be equivalent to
the amount of energy in a main equalizer tap over the amount
of'energy in other non-main equalizer taps associated with the
main equalizer tap. The energy in the main equalizer tap can
be obtained using the real component, the imaginary compo-
nent, or a combination of the real and imaginary components.
In embodiments, the non-pre-equalization ratio can be based
on equalization coefficients associated with a plurality of
CPE devices (e.g., CPE devices 110a-d). In embodiments, the
non-pre-equalization ratio can be computed by dividing one
or more devices’ (e.g., devices from which a non-pre-equal-
ized signal is transmitted) equalization coefficient (e.g.,
equalization coefficient used at a CMTS) associated with a
main equalizer tap by the one or more devices’ equalization
coefficients associated with one or more non-main equalizer
taps. In embodiments, the ratio can be computed by averaging
the ratios of one or more individual devices. In embodiments,
a non-pre-equalization ratio can be computed for signals
associated with a single CPE device or a plurality of CPE
devices on an upstream channel that have not been pre-equal-
ized (e.g., first station maintenance request).

[0026] Returning to 310, if the determination is made that
the received signal is not an initial transmission, the process
300 can proceed to 325. As a non-initial transmission, the
received signal will include pre-equalization coefficients
from which a pre-equalization ratio can be computed. At 325,
a pre-equalization ratio associated with signals that are pre-
equalized (e.g., signals other than first communications
between a CPE device and CMTS) can be computed. A pre-
equalization ratio associated with signals that are pre-equal-
ized can be computed, for example, by logic within a CMTS
(e.g., equalizer tap logic 230 of FIG. 2). In embodiments, the
pre-equalization ratio can be computed by dividing one or
more devices’ (e.g., devices from which a pre-equalized sig-
nal is transmitted) pre-equalization coefficient associated
with a main pre-equalizer tap by the one or more devices’
pre-equalization coefficients associated with one or more
non-main pre-equalizer taps. In embodiments, a pre-equal-
ization ratio can be computed for signals associated with a
single CPE device or a plurality of CPE devices on an
upstream channel that have been pre-equalized (e.g., station
maintenance requests other than a first station maintenance
request). In embodiments, pre-equalization coefficients can
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be identified from data or information within the signal
received from the CPE device.

[0027] At 330, a determination is made whether the pre-
equalization ratio and non-pre-equalization ratio are compa-
rable. The determination whether the pre-equalization ratio
and non-pre-equalization ratio are comparable can be made,
forexample, by logic within a CMTS (e.g., equalizer tap logic
230 of FIG. 2). In embodiments, the difference between the
pre-equalization ratio and non-pre-equalization ratio can be
compared to a threshold value. If the difference between the
pre-equalization ratio and non-pre-equalization ratio is less
than the threshold value, the process 300 can proceed to 335.
[0028] At 335, a determination is made whether the pre-
equalization ratio and non-pre-equalization ratio are large
values. For example, the pre-equalization ratio and/or non-
pre-equalization ratio can be considered a large value if the
ratio is greater than a predetermined threshold. A large pre-
equalization ratio and/or non-pre-equalization ratio can indi-
cate that pre-equalization of the associated signal is improv-
ing the quality of the signal when it reaches a CMTS. A
pre-equalization ratio that is not large, coupled with a non-
pre-equalization ratio that is not large, can indicate that pre-
equalization of signals originating from an associated CPE
device is not being carried out or is not sufficiently counter-
acting all of the impairments in the associated upstream chan-
nel. The determination whether the pre-equalization ratio
and/or non-pre-equalization ratio are large values can be
made, for example, by logic within a CMTS (e.g., equalizer
tap logic 230 of FIG. 2). In embodiments, the determination
whether the ratio is large can be based upon a comparison
between the ratio and a predetermined threshold value. For
example, where either the pre-equalization or non-pre-equal-
ization ratio is equal to or greater than a predetermined thresh-
old value, it can be determined that the ratio is large. In
embodiments, where the pre-equalization ratio and the non-
pre-equalization ratio is less than a predetermined threshold
value, a determination can be made that pre-equalization of
the associated signal is not counteracting every upstream
impairment in the associated channel.

[0029] If, at 335, the determination is made that the pre-
equalization and the non-pre-equalization ratios are large
values, the process 300 can proceed to 340. At 340, a small
number of coefficients can be used to remedy quality defi-
ciencies of the associated signal resulting from upstream
impairments. For example, the number of coefficients used
can be a small number within the range of the number of
equalizer taps available for use in an upstream receiver. In
embodiments, a large pre-equalization ratio coupled with a
large non-pre-equalization ratio can indicate a low level of
upstream impairments in the upstream channel being moni-
tored, and a small number of coefficients can be sufficient to
remedy degradations of a signal that result from a low level of
impairments. A relatively large first ratio can indicate that
there are few or no upstream impairments in the upstream
channel through which the associated signal was received.
[0030] Returning to 335, if the determination is made that
the pre-equalization and the non-pre-equalization ratio are
not large, the process 300 can proceed to 345. At 345, a large
number of coefficients can be used to remedy quality defi-
ciencies of the associated signal resulting from upstream
impairments. For example, the number of coefficients used
can be a large number within the range of the number of
equalizer taps available for use in an upstream receiver. In
embodiments, a pre-equalization ratio that is not large in
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combination with a non-pre-equalization ratio that is not
large can indicate the presence of signal quality deficiencies
resulting from upstream impairments, thus implying that the
pre-equalization conducted at an associated CPE device is
insufficient to cancel out the upstream impairments in the
associated upstream channel, and, therefore, a large number
of coefficients can be used to remedy degradations of the
associated signal that result from impairments existing in the
upstream channel.

[0031] Returning to 330, if the difference between the pre-
equalization ratio and non-pre-equalization ratio is greater
than the threshold value, the process 300 can proceed to 350.
At 350, a determination is made whether the pre-equalization
ratio is significantly greater than the non-pre-equalization
ratio. The determination whether the pre-equalization ratio is
significantly greater than the non-pre-equalization ratio can
be made, for example, by logic within a CMTS (e.g., equal-
izer tap logic 230 of FIG. 2). In embodiments, the difference
between the pre-equalization ratio and non-pre-equalization
ratio can be compared to a threshold value. For example, if the
difference between the pre-equalization ratio and non-pre-
equalization ratio is greater than the threshold value, the
process 300 can proceed to 355.

[0032] At355, asmall number of coefficients can be used to
remedy quality deficiencies of the associated signal resulting
from upstream impairments. For example, the number of
equalizer taps used can be a small number within the range of
the number of equalizer taps available for use in an upstream
receiver. In embodiments, a pre-equalization ratio that is sig-
nificantly greater than a non-pre-equalization ratio can indi-
cate that pre-equalization is counteracting some upstream
impairments on the upstream channel, and, because pre-
equalization is improving the quality of the associated signal,
a small number of coefficients can be sufficient to remedy
degradations of the associated signal that result from impair-
ments existing in the upstream channel.

[0033] Returning to 350, if the difference between the pre-
equalization ratio and non-pre-equalization ratio is not
greater than the threshold value, the process 300 can proceed
to 360. At 360, a determination is made whether to tempo-
rarily stop pre-equalization of signals transmitted from a CPE
deviceto a CMTS. For example, the determination whether to
temporarily stop pre-equalization can be made based on vari-
ous criteria and/or factors (e.g., the values of the pre-equal-
ization ratio and non-pre-equalization ratio, the difference
between the pre-equalization ratio and non-pre-equalization
ratio, and others). In embodiments, the determination to tem-
porarily stop pre-equalization can be made when pre-equal-
ization of signals transmitted from a CPE device to a CMTS
is negatively affecting the signal.

[0034] Ifthe determination is made to not temporarily stop
pre-equalization of signals transmitted from a CPE device to
a CMTS, the process 300 can proceed to 365. At 365, pre-
equalization coefficients associated with the CPE device can
be updated based upon the pre-equalization and non-pre-
equalization ratios. For example, where the pre-equalization
ratio and non-pre-equalization ratio are small (e.g., below a
threshold value), the number of pre-equalization coefficients
associated with a CPE device can be increased. In embodi-
ments, a CMTS can send the updated number of pre-equal-
ization coefficients to a CPE device.

[0035] Returning to 360, if the determination is made to
temporarily stop pre-equalization, the process 300 can end at
370.
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[0036] FIG. 4is a flowchart illustrating an example process
400 operable to dynamically determine an optimal number of
equalizer taps to be used based upon existing conditions on an
upstream channel. The process 400 can begin at 405, when a
signal is received from a CPE device (e.g., a maintenance
burst is received from a CPE device 110a-d).

[0037] At 410, a determination can be made whether the
received signal is an initial transmission from the CPE device
(e.g., an initial maintenance request, a first station mainte-
nance request, etc.). A determination whether the received
signal is an initial transmission can be made, for example, by
logic within a CMTS (e.g., equalizer tap logic 230 of FIG. 2).
For example, equalizer tap logic 230 can determine whether
the associated CMTS has received a signal from the CPE
device based upon information and/or data contained in
received packets (e.g., CPE device identification data, signal
type identification information, etc.).

[0038] If, at 410, the determination is made that the
received signal is an initial transmission, the process 400 can
proceed to 415. At 415, a large number of equalizer taps can
be used to remedy degradations in signals received from the
CPE device. For example, in some implementations, where
the received signal is an initial transmission, all equalizer taps
available for use within an associated upstream receiver can
be used to remedy degradations in signals received from the
CPE device. Initial signal transmissions from a CPE device
are not subjected to pre-equalization because an associated
CMTS has not been provided with the opportunity to assign
pre-equalization coefficients to the CPE device. Therefore, a
large number of equalizer taps can be used to remedy degra-
dations in signals transmitted from the CPE device that result
from impairments existing in the upstream channel until the
effectiveness of pre-equalization by the CPE device can be
determined.

[0039] Returning to 410, if the determination is made that
the received signal is not an initial transmission, the process
400 can proceed to 420. At 420, equalization coefficients
associated with the CPE device from which the signal was
transmitted can be identified. Equalization coefficients can be
identified, for example, by logic within a CMTS (e.g., equal-
izer tap logic 230 of FIG. 2). In embodiments, equalization
coefficients can be identified from data or information within
the signal received from the CPE device.

[0040] At 425, ratios between energy in the main equalizer
tap and energy in the one or more non-main equalizer taps of
the associated upstream receiver can be determined. For
example, each ratio can be equivalent to the amount of energy
in a main equalizer tap over the amount of energy in another
non-main equalizer tap associated with the main equalizer
tap. A ratio between energy in the main equalizer tap and
energy in the non-main equalizer taps can be determined, for
example, by logic within a CMTS (e.g., equalizer tap logic
230 of FIG. 2). In embodiments, the ratios can be computed
based on the identified pre-equalization coefficients associ-
ated with the CPE device from which the signal was received.
In embodiments, the ratios can be computed by dividing a
pre-equalization coefficient associated with a main pre-
equalizer tap by one or more pre-equalization coefficients
associated with one or more non-main pre-equalizer taps.

[0041] Inaddition to, or as an alternative to 425, at 430, the
absolute energy in each of the non-main equalizer taps can be
determined. The absolute energy in each of the non-main
equalizer taps can be determined, for example, by logic
within a CMTS (e.g., equalizer tap logic 230 of FIG. 2). In
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embodiments, equalizer tap logic can make a determination
whether, and to what extent, absolute energy is present in each
of the non-main equalizer taps.

[0042] At435, the ratios between energy in the main equal-
izer tap and energy in the non-main equalizer taps can be
compared to a predetermined threshold. A comparison
between the ratios and a predetermined threshold can be
made, for example, by logic within a CMTS (e.g., equalizer
tap logic 230 of FIG. 2). For example, the predetermined
threshold can be reflective of a measurement of energy in the
main pre-equalizer tap being significantly greater than one or
more measurements of energy in the one or more non-main
pre-equalizer taps.

[0043] Inaddition to, or as an alternative to 435, at 440, the
absolute energy in each of the non-main equalizer taps can be
compared to a predetermined threshold. A comparison
between the absolute energy in each of the non-main equal-
izer taps and a predetermined threshold can be made, for
example, by logic within a CMTS (e.g., equalizer tap logic
230 of FIG. 2). In embodiments, the predetermined threshold
can be equivalent to a level of energy that indicates the use of
the associated non-main equalizer tap. For example, the abso-
lute energy in a non-main equalizer tap being greater than the
predetermined threshold can indicate that use of the non-main
equalizer tap will help to remedy degradations in the associ-
ated signal.

[0044] At445, anumberofequalizer taps can be used based
upon the comparison of the ratios between energy in the main
equalizer tap and energy in the non-main equalizer taps to the
predetermined threshold. For example, if a ratio is greater
than or equal to the predetermined threshold, the status (e.g.,
dormant or active) of the non-main equalizer tap associated
with the ratio can be maintained. As another example, if a
ratio is less than the predetermined threshold, the non-main
equalizer tap associated with the ratio can be used to remedy
signal degradations. In embodiments, a measurement of
energy in the main equalizer tap that is significantly greater
than one or more measurements of energy in one or more
non-main equalizer taps can indicate that existing pre-equal-
ization coefficients and equalizer taps in the associated
upstream receiver are effectively remedying degradations in
signals transmitted from the CPE device that result from
impairments existing in the upstream channel, and, therefore,
that the current number of equalizer taps used in the upstream
receiver should be maintained. In embodiments, the number
of equalizer taps used can be based upon the type of signal
that is received (e.g., different numbers of equalizer taps can
be used for station maintenance bursts versus data bursts).
[0045] In addition to, or as an alternative to 445, at 450, a
number of equalizer taps can be used based upon the com-
parisons between the absolute energy measured at each non-
main equalizer tap and the predetermined threshold. For
example, if the absolute energy measured at a non-main
equalizer tap is greater than or equal to the predetermined
threshold, the non-main equalizer tap can be used to remedy
signal degradations. In embodiments, logic within a CMTS
(e.g., equalizer tap logic 230 of FIG. 2) can identify the last
non-main equalizer tap (e.g., non-main equalizer taps can
exist in a numerically ordered series of equalizer taps) in
which the measured absolute energy is greater than or equal to
the predetermined threshold, and the identified non-main
equalizer tap, as well as the non-main equalizer taps preced-
ing the identified non-main equalizer tap, can be used to
remedy signal degradations. In embodiments, a predeter-
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mined number of non-main equalizer taps (e.g., an equalizer
tap buffer) following the identified non-main equalizer tap, in
addition to the identified non-main equalizer tap and the
non-main equalizer taps preceding the identified non-main
equalizer tap, can be used to remedy degradations in signals
received from a CPE device. For example, the equalizer tap
buffer can be based upon an estimation of future signal deg-
radation.

[0046] FIG. 5 is a block diagram of a hardware configura-
tion 500 operable to dynamically determine an optimal num-
ber of equalizer taps to be used based upon existing condi-
tions on an upstream channel. While a CMTS 125 is shown, it
should be understood that other kinds of devices can operate
to determine impulse noise over a wide spectrum based upon
measurements of impulse noise associated with each of a
plurality of channels. The hardware configuration 500 can
include a processor 510, a memory 520, a storage device 530,
and an input/output device 540. Each of the components 510,
520, 530, and 540 can, for example, be interconnected using
a system bus 550. The processor 510 can be capable of pro-
cessing instructions for execution within the hardware con-
figuration 500. In one implementation, the processor 510 can
be a single-threaded processor. In another implementation,
the processor 510 can be a multi-threaded processor. The
processor 510 can be capable of processing instructions
stored in the memory 520 or on the storage device 530.
[0047] The memory 520 can store information within the
hardware configuration 500. In one implementation, the
memory 520 can be a computer-readable medium. In one
implementation, the memory 520 can be a volatile memory
unit. In another implementation, the memory 520 can be a
non-volatile memory unit.

[0048] In some implementations, the storage device 530
can be capable of providing mass storage for the hardware
configuration 500. In one implementation, the storage device
530 can be a computer-readable medium. In various different
implementations, the storage device 530 can, for example,
include a hard disk device, an optical disk device, flash
memory or some other large capacity storage device. In other
implementations, the storage device 530 can be a device
external to the hardware configuration 500.

[0049] The input/output device 540 provides input/output
operations for the hardware configuration 500. In one imple-
mentation, the input/output device 540 can include one or
more of a network interface device (e.g., an Ethernet card), a
serial communication device (e.g., an RS-232 port), one or
more universal serial bus (USB) interfaces (e.g., a USB 2.0
port) and/or a wireless interface device (e.g., an 802.11 card).
In another implementation, the input/output device can
include driver devices configured to send communications to,
and receive communications from one or more networks
(e.g., HFC Network 120 of FIG. 1, network(s) 130 of FIG. 1,
etc.).

[0050] The subject matter of this disclosure, and compo-
nents thereof, can be realized by instructions that upon execu-
tion cause one or more processing devices to carry out the
processes and functions described above. Such instructions
can, for example, comprise interpreted instructions, such as
script instructions, e.g., JavaScript or ECMAScript instruc-
tions, or executable code, or other instructions stored in a
computer readable medium.

[0051] Implementations of the subject matter and the func-
tional operations described in this specification can be pro-
vided in digital electronic circuitry, or in computer software,
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firmware, or hardware, including the structures disclosed in
this specification and their structural equivalents, or in com-
binations of one or more of them. Embodiments of the subject
matter described in this specification can be implemented as
one or more computer program products, i.e., one or more
modules of computer program instructions encoded on a tan-
gible program carrier for execution by, or to control the opera-
tion of, data processing apparatus. The tangible program car-
rier can be a propagated signal or a computer readable
medium. The propagated signal is an artificially generated
signal (e.g., a machine generated electrical, optical, or elec-
tromagnetic signal) that is generated to encode information
for transmission to suitable receiver apparatus for execution
by a computer. The computer readable medium can be a
machine readable storage device, a machine readable storage
substrate, a memory device, a composition of matter effecting
a machine readable propagated signal, or a combination of
one or more of them.

[0052] Theterm “system processor” encompasses all appa-
ratus, devices, and machines for processing data, including by
way of example a programmable processor, a computer, or
multiple processors or computers. The system processor can
include, in addition to hardware, code that creates an execu-
tion environment for the computer program in question, e.g.,
code that constitutes processor firmware, a protocol stack, a
database management system, an operating system, or a com-
bination of one or more of them.

[0053] A computer program (also known as a program,
software, software application, script, or code) can be written
in any form of programming language, including compiled or
interpreted languages, or declarative or procedural lan-
guages, and it can be deployed in any form, including as a
stand-alone program or as a module, component, subroutine,
or other unit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file in
afile system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicated to
the program in question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network.

[0054] The processes and logic flows described in this
specification are performed by one or more programmable
processors executing one or more computer programs to per-
form functions by operating on input data and generating
output thereby tying the process to a particular machine (e.g.,
a machine programmed to perform the processes described
herein). The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special purpose
logic circuitry, e.g., an FPGA (field programmable gate array)
or an ASIC (application specific integrated circuit).

[0055] Processors suitable for the execution of a computer
program include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read only memory or a
random access memory or both. The elements of a computer
typically include a processor for performing instructions and
one or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively
coupled to receive data from or transfer data to, or both, one
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or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. However, a computer
need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile communications
device, a telephone, a cable modem, a set-top box, a mobile
audio or video player, or a game console, to name just a few.
[0056] Computer readable media suitable for storing com-
puter program instructions and data include all forms of non-
volatile memory, media and memory devices, including by
way of example semiconductor memory devices (e.g.,
EPROM, EEPROM, and flash memory devices); magnetic
disks (e.g., internal hard disks or removable disks); magneto
optical disks; and CD ROM and DVD ROM disks. The pro-
cessor and the memory can be supplemented by, or incorpo-
rated in, special purpose logic circuitry.

[0057] To provide for interaction with a user, embodiments
of the subject matter described in this specification can be
operable to interface with a computing device having a dis-
play (e.g., a CRT (cathode ray tube) or LCD (liquid crystal
display) monitor) for displaying information to the user and a
keyboard and a pointing device, e.g., a mouse or a trackball,
by which the user can provide input to the computer. Other
kinds of devices can be used to provide for interaction with a
user as well; for example, feedback provided to the user can
be any form of sensory feedback (e.g., visual feedback, audi-
tory feedback, or tactile feedback); and input from the user
can be received in any form, including acoustic, speech, or
tactile input.

[0058] While this specification contains many specific
implementation details, these should notbe construed as limi-
tations on the scope of any invention or of what may be
claimed, but rather as descriptions of features that may be
specific to particular embodiments of particular inventions.
Certain features that are described in this specification in the
context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various
features that are described in the context of a single embodi-
ment can also be implemented in multiple embodiments sepa-
rately or in any suitable subcombination. Moreover, although
features may be described above as acting in certain combi-
nations and even initially claimed as such, one or more fea-
tures from a claimed combination can in some cases be
excised from the combination, and the claimed combination
may be directed to a subcombination or variation of a sub-
combination.

[0059] Similarly, while operations are depicted in the draw-
ings in a particular order, this should not be understood as
requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated
operations be performed, to achieve desirable results. In cer-
tain circumstances, multitasking and parallel processing may
be advantageous. Moreover, the separation of various system
components in the embodiments described above should not
be understood as requiring such separation in all embodi-
ments, and it should be understood that the described program
components and systems can generally be integrated together
in a single software product or packaged into multiple soft-
ware products.

[0060] Particular embodiments of the subject matter
described in this specification have been described. Other
embodiments are within the scope of the following claims.
For example, the actions recited in the claims can be per-
formed in a different order and still achieve desirable results,
unless expressly noted otherwise. As one example, the pro-
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cesses depicted in the accompanying figures do not necessar-
ily require the particular order shown, or sequential order, to
achieve desirable results. In some implementations, multi-
tasking and parallel processing may be advantageous.

1. A computer-implemented method, comprising:

receiving a non-pre-equalized signal at an upstream

receiver;,

identifying equalization coefficients associated with the

non-pre-equalized signal;

determining the extent of upstream channel impairments

encountered by the non-pre-equalized signal based upon
the identified equalization coefficients;

determining a number of equalizer taps to be used at the

upstream receiver, wherein the number of equalizer taps
is based upon the extent of upstream channel impair-
ments encountered by the non-pre-equalized signal;
after receiving the non-pre-equalized signal, receiving a
pre-equalized signal at the upstream receiver;

identifying pre-equalization coefficients associated with
the pre-equalized signal, wherein the pre-equalization
coefficients comprise a pre-equalization coefficient
associated with a main pre-equalizer tap and one or more
pre-equalization coefficients associated with one or
more non-main pre-equalizer taps;
determining a tap equalization ratio for each respective one
of'the one or more non-main pre-equalizer taps, wherein
the tap equalization ratio for each respective non-main
pre-equalizer tap is equivalent to the ratio of the pre-
equalization coefficient associated with the main pre-
equalizer tap to the pre-equalization coefficient associ-
ated with the respective non-main pre-equalizer tap;

comparing the tap equalization ratio associated with each
respective one of the one or more non-main pre-equal-
izer taps to a predetermined threshold; and

enabling the respective non-main pre-equalizer tap based

on the comparison between the tap equalization ratio
associated with the respective non-main pre-equalizer
tap and the predetermined threshold.

2. The computer-implemented method of claim 1, wherein
the extent of upstream channel impairments encountered by
the non-pre-equalized signal is determined based upon a ratio
of'energy measured in a main equalizer tap over energy mea-
sured in one or more non-main equalizer taps.

3. The computer-implemented method of claim 2, wherein
the number of equalizer taps to be used at the upstream
receiver is determined based upon a comparison between the
ratio of energy measured in the main equalizer tap over
energy measured in the non-main equalizer taps and a prede-
termined threshold value.

4. (canceled)

5. (canceled)

6. The computer-implemented method of claim 1, wherein
the upstream receiver is in a cable modem termination sys-
tem.

7. (canceled)

8. A system, comprising:

an interface operable to be used to receive upstream sig-

nals;

a data store operable to store computer program instruc-

tions and provide temporary storage for the system; and

a processor operable to execute said computer program

instructions, the computer program instructions being
operable to cause the processor to:
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identify equalization coefficients associated with a
received signal;

determine the extent of upstream impairments in an
upstream channel through which the signal was
received based upon the identified equalization coef-
ficients; and

determine a number of equalizer taps to use based upon
the extent of upstream impairments;

wherein the interface is further operable to be used to, after

receiving the non-pre-equalized signal, receive a pre-
equalized signal;

wherein the computer program instructions are further

operable to cause the processor to:

identify pre-equalization coefficients associated with
the pre-equalized signal, wherein the pre-equalization
coefficients comprise a pre-equalization coefficient
associated with a main pre-equalizer tap and one or
more pre-equalization coefficients associated with
one or more non-main pre-equalizer taps;

determine a tap equalization ratio for each respective
one of the one or more non-main pre-equalizer taps,
wherein the tap equalization ratio for each respective
non-main pre-equalizer tap is equivalent to the ratio of
the pre-equalization coefficient associated with the
main pre-equalizer tap to the pre-equalization coeffi-
cient associated with the respective non-main pre-
equalizer tap;

compare the tap equalization ratio associated with each
respective one of the one or more non-main pre-equal-
izer taps to a predetermined threshold; and

enable the respective non-main pre-equalizer tap based
on the comparison between the tap equalization ratio
associated with the respective non-main pre-equalizer
tap and the predetermined threshold.

9. The system of claim 8, wherein the extent of upstream
channel impairments encountered by the signal is determined
based upon a ratio of energy measured in a main equalizer tap
over energy measured in one or more non-main equalizer
taps.

10. (canceled)

11. The system of claim 8, wherein the extent of degrada-
tion of the signal is determined based upon a ratio of energy
measured in a main equalizer tap over energy measured in one
or more non-main equalizer taps.

12. (canceled)

13. The system of claim 8, wherein the system is in a cable
modem termination system.

14. One or more non-transitory computer readable media
operable to execute on one or more processors, the computer
readable being operable to cause the one or more processors
to perform the operations comprising:

receiving a non-pre-equalized signal at an upstream

receiver;,

determining the extent of upstream channel impairments

encountered by the non-pre-equalized signal;

receiving a pre-equalized signal at the upstream receiver;

determining the extent of degradation of the pre-equalized

signal; and

determining a number of equalizer taps to use at the

upstream receiver based upon the extent of upstream
channel impairments encountered by the non-pre-equal-
ized signal and the extent of degradation of the pre-
equalized signal.
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15. The one or more non-transitory computer-readable
media of claim 14, wherein the extent of upstream channel
impairments encountered by the non-pre-equalized signal is
determined based upon a ratio of energy measured in a main
equalizer tap over energy measured in one or more non-main
equalizer taps.

16. The one or more non-transitory computer-readable
media of claim 15, wherein the number of equalizer taps to be
used at the upstream receiver is determined based upon a
comparison between the ratio of energy measured in the main
equalizer tap over energy measured in the one or more non-
main equalizer taps and a predetermined threshold value.

17. The one or more non-transitory computer-readable
media of claim 14, wherein the extent of degradation of the
pre-equalized signal is determined based upon a ratio of
energy measured in a main equalizer tap over energy mea-
sured in one or more non-main equalizer taps.

18. The one or more non-transitory computer-readable
media of claim 17, wherein the number of equalizer taps to be
used at the upstream receiver is determined based upon a
comparison between the ratio of energy measured in the main
equalizer tap over energy measured in the one or more non-
main equalizer taps and a predetermined threshold value.

19. The one or more non-transitory computer-readable
media of claim 14, wherein the extent of degradation of the
pre-equalized signal is determined based upon a measure-
ment of energy in each of one or more non-main equalizer
taps.

20. The one or more non-transitory computer-readable
media of claim 14, wherein the upstream receiver is in a cable
modem termination system.

#* #* #* #* #*
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