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(57) ABSTRACT 

Embodiments provide solutions to reduce power utilization 
( either at individual cable modems or in the overall network) 
in future cable modem networks. Particularly, embodiments 
seek to reduce power utilization at individual cable modems 
and in the overall network, by allocating upstream frequency 
bands and/or transmission modulation schemes among cable 
modems while accounting for cable loss experienced by indi­
vidual upstream cable modem transmissions. According to 
embodiments, frequency spectrum and modulation scheme 
allocation techniques are provided to optimize power utiliza­
tion and enable lower upstream transmission power by cable 
modems while maintaining similar signal strength of received 
signals or lower signal strength with reduced SNR require­
ments using lower capacity modulation at the headend. 

20 Claims, 6 Drawing Sheets 
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1 2 

quency spectrum to cable modems in a cable network accord­
ing to an embodiment of the present invention. 

FREQUENCY SPECTRUM AND 
MODULATION SCHEME ALLOCATION FOR 

HIGH SPEED DATA NETWORKS 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

FIG. 6 is a process flowchart of a method of scheduling 
upstream flows in a cable network according to an embodi-

5 ment of the present invention. 

The present application claims the benefit of U.S. Provi­
sional Application No. 61/478,334, filed Apr. 22, 2011, 
entitled "Frequency Spectrum and Modulation SchemeAllo- 10 

cation for High Speed Data Networks," which is incorporated 
herein by reference in its entirety. 

BACKGROUND 

The present invention will be described with reference to 
the accompanying drawings. Generally, the drawing in which 
an element first appears is typically indicated by the leftmost 
digit( s) in the corresponding reference number. 

DETAILED DESCRIPTION OF EMBODIMENTS 

FIG. 1 illustrates a portion of an example cable network 
100. As shown in FIG. 1, example network 100 includes a 

1. Field of the Invention 
The present invention relates generally to high speed data 

networks over hybrid fiber coaxial (HFC) cable plant. 
2. Background Art 

15 headend 102 that serves a plurality of optical fiber nodes 103 
each of which connect cable modems (CMs) 110 over a radio 
frequency (RF) coaxial distribution network. Headend 102 is 
connected to CMs 110 via a hybrid fiber coaxial (HFC) net­
work 104. 

It is envisioned that in future cable networks the frequency 20 

spectrum for upstream communications will be expanded 
into higher frequency bands (e.g., over 1 GHz, but even exten­
sions to 200 MHz are significant compared to current practice 
topping out at 42 MHz in North America and 65 MHz in 
Europe). As such, signal attenuation due to cable loss will 25 

become significant for upstream communication in the higher 
frequency bands, and will also cause signals at the headend to 
have widely varying signal strengths as signals will experi­
ence different cable attenuations depending generally on the 
length of cabling between the cable modem and the first 30 

upstream amplifier, the type(s) of cabling (traversed to the 
first amplifier), and the frequency bands over which the sig­
nals are transmitted. 

HFC network 104 includes, in the coaxial portion of the 
network, repeaters (high power amplifiers with frequency 
dependent cable attenuation correction networks or 
equalizers) 106 to ensure that upstream and downstream sig­
nals along a coaxial distribution line are received with suffi­
cient signal strength over the entire transmission frequency 
range. Typically, repeaters are placed along the distribution 
line at a design distance from one another (e.g., 1000 feet). 
Between repeaters, a plurality of taps 108 are placed, as 
needed, to provide individual cable drops from the distribu­
tion line to CMs 110. For example, as shown in FIG. 1, tap 
108a is used to provide a cable drop to CM 110a. 

In the downstream (i.e., from the headend to the CMs ), the 
signal from amplifier 106a drops in terms of signal strength 
(e.g., by 3 dB) after each cable drop is made from the distri­
bution line as well as due to cable loss. As such, taps 108 are 
configured to provide different respective signal attenuation 
levels as illustrated in FIG. 1, for example, to ensure that the 
CMs receive similar downstream signal strength irrespective 
oflocation relative to amplifier 106a. Specifically, the values 

Existing solutions typically deal with similar problems by 
having the cable modems use as much transmission power as 35 

needed to achieve a desired received signal strength at the 
headend, without regard to cable length (between the cable 
modem and first upstream amplifier) or cable type(s) or fre­
quency assignment. Thus, conventional solutions are highly 
sub-optimal in terms of power utilization. 40 of taps 108 are selected to account for expected differences in 

downstream signal strength at taps 108. There is a need for frequency spectrum and modulation 
scheme allocation techniques that optimize power utilization 
and enable similar upstream transmission power by cable 
modems and signal-to-noise (SNR) ratio at the headend. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

In the upstream, because of the different attenuation levels 
provided by taps 108, the CMs ( e.g., DOCS IS CMs) must use 
a wide range of transmission power levels in order to have 

45 their signals received with equal signal strength at headend 
102. For example, in FIG. 1, CM 110a must transmit at a 
power level that is approximately 12 dB higher than that of 
CM ll0e, in order for CMs 110a and ll0e to have equal 

The accompanying drawings, which are incorporated 
herein and form a part of the specification, illustrate the 50 

present invention and, together with the description, further 
serve to explain the principles of the invention and to enable 

signal strength at headend 102. It is noted however that, in 
conventional cable networks, differences in signal strength at 
headend 102 (between signals from different CMs) are only 
negligibly affected by cable loss. Indeed, even though signal 
power attenuation in coaxial cable is proportional to the 
square root of the frequency, the frequency spectrum desig-

a person skilled in the pertinent art to make and use the 
invention. 

FIG. 1 illustrates an example cable network. 
FIG. 2 shows example signal strength versus frequency 

profiles of cable modems in a cable network. 
FIG. 3 is a process flowchart of a method of allocating 

upstream frequency spectrum to cable modems in a cable 
network according to an embodiment of the present inven­
tion. 

FIG. 4 is a process flowchart of a method of assigning 
transmission frequency bands to cable modems in a cable 
network according to an embodiment of the present inven­
tion. 

FIG. 5 is an example partition of the signal strength versus 
frequency space that can be used to allocate upstream fre-

55 nated for upstream communications in conventional cable 
networks is at the low band of 5-42 MHz (e.g., DOCSIS), 
which is sufficiently low so as not to substantially affect 
signal strength. 

It is envisioned that in future cable networks the frequency 
60 spectrum for upstream communications will be expanded 

into much higher frequency bands ( e.g., up to 200 MHz and 
perhaps even over 1 GHz). As such, signal attenuation due to 
cable loss will become significant for upstream communica­
tion in the higher frequency bands, and will also cause signals 

65 at the headend 102 to have widely varying signal strengths as 
signals will experience different cable attenuations depend­
ing on the frequency bands over which they are transmitted. 

Page 8 of 13
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Existing conventional solutions typically deal with similar 
problems by having the CMs use as much transmission power 

4 
degrades with frequency increasing. In profile 204, the signal 
strength remains more or less constant with frequency 
changes. 

Profiles 202, 204, and 206 typically result from CMs 
as needed to achieve a desired signal strength at the headend. 
Thus, conventional solutions are highly sub-optimal in terms 
of power utilization. 

Embodiments of the present invention, as further described 
below, provide solutions that reduce power utilization ( either 

5 located at varying cable distances from the first repeater. For 
example, profiles 202, 204, and 206 may result from CMs 
110a, 110c, and ll0e, respectively, of cable network 100, 
described above. Particularly, for CM 110a, with CM 110a 
being close to amplifier 106a, cable loss is not a dominant 

at individual CMs or in the overall network) in future cable 
networks. Particularly, embodiments seek to reduce power 
utilization at individual cable modems and in the overall 
network, by allocating upstream frequency bands or when 
such frequency bands are fully allocated by assigning trans­
mission modulation schemes among cable modems while 
accounting for tap and cable losses experienced by individual 
upstream cable modem transmissions. According to embodi­
ments, frequency spectrum allocation techniques are pro­
vided to optimize power utilization and enable lower 
upstream transmission power by cable modems and similar 
signal strength of received signals at the headend or when 
such frequency spectrum has already been allocated and is 
unavailable, using a lower capacity modulation scheme with 
lower required SNR at reduced received signal strength. 
Embodiments may implement techniques described in U.S. 
Application Publication No. 2007 /0032256Al, entitled "Sys­
tems and Methods to Transmit InformationAmong a Plurality 25 

of Physical Upstream Channels," which is incorporated by 
reference herein in its entirety. 

10 factor in its signal strength versus frequency profile. Instead, 
the signal strength versus frequency profile of CM 110a is 
primarily affected by the high tap value and the drop cable 
loss encountered at different frequency bands. Particularly, 
the signal strength of CM 110a improves with frequency 

15 increases due to the fact that higher signal power levels result 
at the output of the repeater, as shown in profile 202. In 
contrast, for CM ll0e, cascaded taps with interconnecting 
cable loss is the dominant factor in its signal strength versus 
frequency profile, with CM ll0e being distant from repeater 

20 106a.As such, the signal strength of CM ll0e decreases with 
frequency increases as shown in profile 206, with an increas­
ing amount of signal attenuation being attributed to cable loss 
(which is proportional to the square of the frequency) as 
frequency increases. 

Embodiments of the present invention exploit the above 
described anticipated behavior of signal strength ( e.g., mea­
sured in terms of signal strength) versus frequency profiles of 
CMs to reduce and/or optimize power utilization in a cable 
network. In particular, embodiments recognize that certain 

Detailed description of example embodiments will now be 
provided. These example embodiments are provided for the 
purpose of illustration and are not limiting. For example, 
embodiments are described with reference to a cable network, 
but are not limited as such. As would be understood by a 
person of skill in the art, embodiments may be used in any 
type of network that can benefit from a frequency spectrum 
allocation and/or a modulation scheme allocation to enhance 35 

30 frequency bands of the upstream frequency spectrum may be 
optimal or highly power efficient when used by certain CMs, 
but may be sub-optimal or power inefficient when used by 
otherCMs. 

individual node capacity and/or overall power utilization. 
As noted above, embodiments recognize that, in future 

cable networks using expanded upstream frequency spectra 

As such, embodiments address the problem of allocation of 
frequency bands to CMs in a cable network as an optimization 
problem having known fixed constraints (e.g., maximum 
cable modem transmit power, minimum required signal 
strength at headend, etc.) and an objective function (e.g., 
overall power utilization in the network, variance in signal 

40 strength among CMs at the headend, etc.) to minimize/maxi-
( e.g., which include both the traditional 5-42 MHz band and 
additional higher frequency bands over 1 GHz), the frequency 
band over which a particular signal is transmitted will signifi­
cantly affect the signal's strength at the headend. In other 
words, embodiments recognize that the coaxial cable length 
(i.e., the location of the cable modem from the first repeater 
and the drop cable length) will be a significant contributor to 45 

the attenuation of transmitted signals at high frequencies, but 
only negligibly affects signal attenuation at low frequencies. 
At the same time, however, higher frequency bands will gen­
erally have lower noise levels. 

With the above described characteristics of the upstream 50 

frequency spectrum and of coaxial cable, it is anticipated that 
cable modems will have different signal strength versus fre­
quency profiles measured at the headend. This is illustrated in 
FIG. 2, for example, which shows example signal-to-noise 
ratio (SNR) versus frequency profiles of different CMs in a 55 

cable network. As would be understood by a person of skill in 
the art, the example signal strength versus frequency profiles 
shown in FIG. 2 are illustrative only. In practice, actual signal 
strength versus frequency profiles may or may not be linear as 
illustrated in FIG. 2. However, actual signal strength versus 60 

frequency profiles will, nonetheless, exhibit certain charac­
teristics as described below. 

As shown in FIG. 2, profiles 202, 204, and 206 (which are 
associated with different CMs) exhibit different signal 
strength tilts (slopes) as a function of frequency. Specifically, 65 

in profile 202, the signal strength improves as frequency 
increases. In contrast, in profile 206, the signal strength 

m1ze. 
FIG. 3 is a process flowchart 300 of a method of allocating 

upstream frequency spectrum to cable modems in a cable 
network according to an embodiment of the present inven­
tion. Process 300 may be performed by the headend, for 
example. 

As shown in FIG. 3, process 300 begins in step 302, which 
includes determining respective signal strength versus fre­
quency profiles of a plurality of cable modems sharing an 
upstream frequency spectrum. In an embodiment, the plural­
ity of CMs share one or more coaxial cable distribution lines, 
for example, in addition to a portion of a HFC network to 
connect to a headend of the cable network. As such, the CMs 
share the assigned upstream frequency spectrum to transmit 
signals to the headend. 

In an embodiment, the signal strength versus frequency 
profiles of the CMs are measured at the headend. Alterna­
tively, the profiles may be measured at a cable modem termi­
nation system (CMTS) that sits between the CMs and the 
headend, and then provided to the headend. Different mea­
sures may be associated with the received signal strength, 
including, for example, the SNR, the bit error rate (BER), etc. 

In an embodiment, the signal strength versus frequency 
profile of a CM is measured and/or updated every time the 
CM connects to the cable network. For example, at initializa­
tion, the headend may request that the CM transmit a test 
signal at different frequencies. The headend makes succes-
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sive signal strength measurements based on the CM test trans­
missions, and determines the profile of the CM. In an embodi­
ment, the headend determines the profile of the CM using a 
best fit model based on the CM test transmissions. 

In another embodiment, CMs are grouped based on their 
signal strength versus frequency profiles into multiple catego­
ries. The category that a CM belongs to governs frequency 
band allocation to the CM. For example, as shown in the 
example of FIG. 5, the signal strength versus frequency space 
may be partitioned into three categories I, II, and III. Each CM 
is associated with one of the categories based on the tilt ( or 
slope) of its signal strength versus frequency profile curve. 
This category information may be stored at the headend 
together with other identifying information of the CM. Sub­
sequently, the category information is used by the headend to 
make frequency allocation decisions (and/or modulation 
scheme assignment decisions, as further described below) to 
the CM. This approach makes optimizing frequency alloca­
tion more tractable as an optimization problem and more 
manageable by a flow scheduler, for example. 

Referring back to FIG. 3, in step 304, process 300 includes 
partitioning the upstream frequency spectrum among the plu­
rality of cable modems based on the determined signal 
strength versus frequency profiles of the cable modems. 

In an embodiment, step 304 is performed dynamically by 
the headend based on available upstream spectrum and the 
CMs contending for upstream transmissions. As such, fre­
quency band allocation decisions are performed in real time, 
and frequency band allocations to CMs may change over time 
based on traffic in the network. As such, at any time that step 
304 is performed, the step may involve one or more of the 
plurality of CMs (not necessarily all) whose profiles are deter­
mined in step 302 and one or more available frequency bands 
of the upstream frequency spectrum. 

6 
The categorization may continue with CMs allocated to a 

particular favored frequency band as a first choice (as 
described above), but also with a second identified frequency 
band as a second-favorite, and so on. Some CMs in some 

5 embodiments may have different levels of favoritism 
assigned on their favored and second-favored frequency 
bands ( e.g., highly favored or important, moderately favored, 
only slightly favored, etc.). Favored and second-favored fre­
quency bands may differ in bandwidth for a CM and among 

1° CM-to-CM. For example, one CM may have a highly favored 
band at the highest frequencies, and a moderately favored 
band at mid-frequencies, while another CM may have a mod­
erately favored band at mid-frequencies and slightly favored 

15 
bands at both higher and lower frequencies. These distinc­
tions may be used in some embodiments in optimization of 
the network resources and utilization ( e.g., the total upstream 
power supported by the network, the individual CM transmit 
powers available, the spectrum available, the individual data 

20 rates and QoS of each CM according to its priorities, the 
composite data rate of the network and overall satisfaction of 
the collection of CMs' QoS, at a given point in time and over 
a duration of time). 

In embodiments using dynamic frequency allocation, fre-
25 quency band allocation may also be made based on individual 

flows from the cable modems. As such, flows from the same 
cable modem may be assigned different frequency bands of 
the upstream frequency spectrum. In an embodiment, fre­
quency band allocation also accounts for flow priority levels 

30 in making frequency band allocation decisions. For example, 
a high priority flow from a cable modem may always be 
assigned the best available frequency band based on the cable 
modem it originates from. On the other hand, a low priority 
flow from the same cable modem may be assigned a sub-

35 optimal frequency band so as to free the optimal frequency 
band for higher priority flows. As would be understood by a 
person of skill in the art, other flow servicing schemes may 
also be used with different flow assignment rules as appro-

Alternatively, step 304 is performed only when the topol­
ogy formed by the cable modems sharing the upstream fre­
quency spectrum changes (e.g., a cable modem is added, 
disconnected, etc.). As such, a cable modem of the plurality of 
CMs is assigned a fixed frequency band for upstream com­
munication, which only changes when changes in network 40 

topology are detected by the headend. For example, referring 

priate. 
In the same way that embodiments exploit the signal 

strength versus frequency profiles of CMs to optimize 
upstream frequency spectrum allocation, embodiments can 
make use of the same profiles when such frequency spectrum 
has already been allocated and is unavailable, by using a 

to FIG. 1, a CM that connects to the coaxial distribution line 
via tap 108c may initially (when first connected) be assigned 
a low frequency band. However, when a high number ofCMs 
are subsequently connected to the distribution line via tap 
108a (these CMs place higher demand on the low frequency 
band), the partition of the upstream frequency spectrum may 
change, resulting in the CM being assigned a higher fre­
quency band, for example. 

45 lower capacity modulation scheme with lower required SNR 
at reduced received signal strength. In this case, lower capac­
ity modulation schemes are assigned to such CMs so as to 
reduce the required SNR to enable lower available upstream 
transmission power by CMs resulting in lower received sig-

50 nals with reduced SNR at the headend. This will reduce In another embodiment, step 304 is performed based on 
CM category. For example, referring to FIG. 5 and assuming 
(for the sake of illustration) that the upstream frequency spec­
trum is divided into a low frequency band and a high fre­
quency band, step 304 then may include partitioning the 
upstream frequency spectrum so that the low frequency band 55 

is allocated to CMs in category I and II and the high frequency 
band is allocated to CMs in category III, for example. Other 
allocations may also be made as would be understood by a 
person of skill in the art. For example, in an embodiment, the 
low frequency band is allocated to CMs in category I and the 60 

high frequency band is allocated to category III. Category I 
has decreasing signal strength for increasing frequency, and 
category III has increasing signal strength for increasing fre­
quency. Then, CMs in category II are either assigned the low 
frequency band or the high frequency band depending on the 65 

load in the two bands. As such, load balancing between the 
low and high frequency bands may be achieved. 

capacity for such a CM but maintains the received signal QoS 
(such as BER or packet loss rate) when preferable frequency 
spectrum is unavailable due to assignment to other CMs with 
for instance higher priority flows. In some cases, capacity for 
a CM may be maintained or even increased even if preferable 
frequency spectrum is unavailable by using the techniques 
described in U.S. Application Publication No. 2007/ 
0032256Al, entitled "Systems and Methods to Transmit 
Information Among a Plurality of Physical Upstream Chan­
nels," which is incorporated by reference herein in its entirety. 
Further, these embodiments may be used in both traditional 
(i.e., single low frequency band) and future (i.e., expanded 
low and high frequency bands) upstream frequency spectra. 

FIG. 4 is a process flowchart 400 of a method of assigning 
modulation schemes to cable modems in a cable network 
according to an embodiment of the present invention. Process 
400 may be performed by the headend, for example. 
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As shown in FIG. 4, process 400 begins in step 402, which 
includes determining respective signal strength versus fre­
quency profiles of a plurality of cable modems sharing an 
upstream frequency spectrum. In an embodiment, the plural­
ity of CMs share one or more coaxial distribution lines, for 
example, in addition to a portion of a HFC network to connect 
to a headend of the cable network. As such, the CMs share the 
assigned upstream frequency spectrum to transmit signals to 
the headend. 

Step 402 is similar to step 302 described above with refer­
ence to process 300. As such, step 402 may be performed at 
the headend or at a CMTS or a portion of a CMTS that sits 
between the CMs and the headend. Measuring the signal 
strength versus frequency profile of a CM is done as described 
above with reference to FIG. 3. In addition, the measured 
signal strength versus frequency profiles may be used to 
group CMs into multiple categories, which are then used as 
the basis for the assignment of upstream transmission fre­
quency bands, or when a preferred frequency band is unavail­
able, for assignment oflower capacity modulation schemes to 
CMs. 

Referring back to FIG. 4, in step 404, process 400 includes 
assigning each of the plurality of cable modems a respective 
frequency allocation based on the determined signal strength 
versus frequency profiles of the cable modems. According to 
embodiments, the objective of step 404 is to reduce power 
utilization by assigning frequency allocations to CMs so that 
required power levels at the headend are met without the need 
to transmit at high power levels. In another embodiment, step 
404 may include ensuring that lower aggregate transmit 
power is used by all CMs such that the same SNR level is seen 
by the headend from all CMs. Thus step 404 may be per­
formed according to an optimization problem with an objec­
tive function and a set of constraints. Further, according to 
embodiments, a multiplicity of modulation schemes may be 
determined for each CM, e.g., based on the favored and sec­
ond-favored, etc., frequency bands for each CM, and then the 
modulation scheme may be assigned dynamically depending 
on the existing needs and priorities (QoS) of an individual 
CM in view of the needs and priorities of the collection of 
CMs in the network. 

Frequency spectrum and modulation scheme assignment 
according to embodiments may be performed dynamically 
(i.e., in real time), at fixed intervals, when the network topol­
ogy changes, or only once for each CM when the CM con­
nects to the network. In addition, the frequency allocation 
scheme and the modulation scheme assignment can be made 
per CM or per flow. When per flow assignment is used, 
different flows from the same CM may be transmitted using 
different frequencies bands and modulation schemes. Such 
assignment decisions may be made by a scheduler at the 
headend and transmitted to CMs. 

In view of the teachings above, a person of skill in the art 
would appreciate that a variety of algorithms may be used to 
enable frequency spectrum allocation and/or modulation 
scheme assignment according to embodiments of the present 
invention. Specifically, embodiments extend to any algorithm 
that makes uses of measured/estimated/anticipated signal 
strength versus frequency profiles to optimize one or more 
performance parameters ( e.g., power utilization, SNR levels, 
transmit powers, throughput, network load, etc.) according to 
a set of constraints (e.g., limited upstream frequency spec­
trum, available upstream frequency bands, maximum CM 
transmit power, minimum required SNR, minimum required 
throughput per CM/flow, flow priority, etc.). As described 

8 
above, in practice, embodiments may be implemented by 
grouping CMs into different categories, thus making the opti­
mization more tractable. 

An example method of scheduling upstream flows in a 
5 cable network according to an embodiment of the present 

invention is described in process flowchart 600 of FIG. 6. 
Example process 600 is performed at the headend or at a 
CMTS, by a flow scheduler, for example. 

As shown in FIG. 6, process 600 begins in step 602, which 
10 includes receiving a request to schedule a flow from a cable 

modem. In an embodiment, the request includes an identifi­
cation of the cable modem and a priority level of the flow 
(e.g., required QoS). 

In step 604, process 600 includes identifying a cable 
15 modem category based on a cable modem profile of the cable 

modem. In an embodiment, the cable modem profile (e.g., 
signal strength versus frequency) is measured and the cable 
modem is associated with a cable modem category a priori. 
Subsequently, when the flow scheduling request is received, 

20 the cable modem identification is mapped to the associated 
cable modem category via a lookup table, for example. 

After the cable modem category is determined, process 600 
proceeds to step 606, which includes determining whether or 
not resources are available in a first preferred frequency band 

25 of the upstream frequency spectrum, based on the cable 
modem category. In an embodiment, as described above, the 
upstream frequency spectrum is partitioned among the cable 
modems according to cable modem categories, based on mea­
sured signal strength versus frequency profiles of the cable 

30 modems. 
If resources are available in the first preferred frequency 

band, then process 600 proceeds to step 608, which includes 
assigning the cable modem (or more specifically the flow) 
resources from the first preferred frequency band to transmit 

35 the flow. Otherwise, process 600 proceeds to step 610. 
Step 610 includes determining the priority level of the flow. 

In an embodiment, the priority level of the flow is included in 
the flow scheduling request. Then, based on the priority level 
of the flow, step 612 includes assigning the cable modem 

40 resources from a next preferred available frequency band and 
if necessary reducing the transmission rate using a lower 
capacity modulation until resources from the first preferred 
frequency band at the higher capacity modulation become 
available. For example, the high priority flow may be trans-

45 mitted even if resources are not available in its preferred band 
(i.e., the flow is important enough that the use of a sub­
optimal frequency band at lower data rate is tolerated). 

As would be understood by a person of skill in the art based 
on the teachings, embodiments are not limited by example 

50 process 600, which is provided for illustration purposes only. 
Embodiments have been described above with the aid of 

functional building blocks illustrating the implementation of 
specified functions and relationships thereof. The boundaries 
of these functional building blocks have been arbitrarily 

55 defined herein for the convenience of the description. Alter­
nate boundaries can be defined so long as the specified func­
tions and relationships thereof are appropriately performed. 

The foregoing description of the specific embodiments will 
so fully reveal the general nature of the invention that others 

60 can, by applying knowledge within the skill of the art, readily 
modify and/or adapt for various applications such specific 
embodiments, without undue experimentation, without 
departing from the general concept of the present invention. 
Therefore, such adaptations and modifications are intended to 

65 be within the meaning and range of equivalents of the dis­
closed embodiments, based on the teaching and guidance 
presented herein. It is to be understood that the phraseology or 
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terminology herein is for the purpose of description and not of 
limitation, such that the terminology or phraseology of the 
present specification is to be interpreted by the skilled artisan 
in light of the teachings and guidance. 

The breadth and scope of embodiments of the present 5 

invention should not be limited by any of the above-described 
exemplary embodiments, but should be defined only in accor­
dance with the following claims and their equivalents. 

What is claimed is: 10 
1. A method of allocating upstream frequency spectrum to 

cable modems in a high speed data network, comprising: 
determining respective signal strength versus frequency 

profiles of a plurality of cable modems, wherein said 
plurality of cable modems share an upstream frequency 
spectrum; and 

15 

partitioning said upstream frequency spectrum among said 
plurality of cable modems based on said signal strength 
versus frequency profiles, wherein the partitioning com­
prises assigning to each cable modem of the plurality of 20 
cable modems a respective frequency band of a plurality 
of frequency bands that form the upstream frequency 
spectrum. 

2. The method of claim 1, wherein said plurality of cable 
modems share a coaxial cable distribution line. 

3. The method of claim 1, wherein said determining step 
comprises: 

measuring said signal strength versus frequency profiles at 
a headend of the high speed data network. 

25 

4. The method claim 1, wherein said determining step 30 
comprises: 

measuring said signal strength versus frequency profiles at 
a cable modem termination system (CMTS) or other 
physical layer termination point of the high speed data 
network. 35 

5. The method of claim 1, wherein said signal strength 
versus frequency profiles represent signal-to-noise ratio 
(SNR) versus frequency profiles. 

6. The method of claim 1, wherein said determining step 
comprises: 

receiving test signal transmissions having various frequen-
cies from a cable modem of the plurality of cable 
modems; and 

performing successive signal strength measurements 
based on the test signal transmissions to determine the 
respective signal strength versus frequency profile of the 
cable modem. 

40 

45 

10 
10. !he method of claim 1, wherein said partitioning step 

compnses: 
dynamically partitioning available spectrum of said 

upstream frequency spectrum based on signal strength 
versus frequency profiles of cable modems with con­
tending upstream transmissions. 

11. !he method of claim 1, wherein said partitioning step 
compnses: 

partitioning said upstream frequency spectrum among said 
plurality of cable modems when a network topology 
formed by said plurality of cable modems changes. 

12. !he method of claim 1, wherein said partitioning step 
compnses: 

assigning said each cable modem of said plurality of cable 
modems a fixed frequency band for upstream commu­
nication. 

13. The method of claim 1, wherein said partitioning step 
comprises: 

partitioning said upstream frequency spectrum among 
individual flows from one or more of said plurality of 
cable modems. 

14. The method of claim 13, wherein said partitioning step 
further comprises: 

partitioning said upstream frequency spectrum among said 
individual flows based on priority levels of said indi­
vidual flows. 

15. The method of claim 1, further comprising: 
assigning respective modulation schemes to said plurality 

of cable modems based on said signal strength versus 
frequency profiles. 

16. A cable network, comprising: 
a headend; and 
a plurality of cable modems coupled via a coaxial distri­

bution network to the headend, wherein the plurality of 
cable modems share an upstream frequency spectrum 
for communicating with the headend, 

wherein the headend is configured to determine respective 
signal strength versus frequency profiles for the plurality 
of cable modems, and to partition the upstream fre­
quency spectrum among said plurality of cable modems 
based on said signal strength versus frequency profiles, 
and wherein headend is further configured to assign to 
each cable modem of the plurality of cable modems a 
respective frequency band of a plurality of frequency 
bands that form the upstream frequency spectrum. 

17. The cable network of claim 16, wherein said signal 
strength versus frequency profiles represent signal-to-noise 
ratio (SNR) versus frequency profiles. 7. The method of claim 1, wherein said determining step 

comprises: 
determining or updating a signal strength versus frequency 

profile of a cable modem of said plurality of cable 
modems when said cable modem connects to said high 
speed data network. 

18. The cable network of claim 16, wherein the headend is 
further configured to group said plurality of cable modems 

50 into a plurality of categories based on said signal strength 
versus frequency profiles. 

8. The method of claim 1, further comprising: 
grouping said plurality of cable modems into a plurality of 

categories based on said signal strength versus fre­
quency profiles. 

9. The method of claim 8, wherein said partitioning step 
comprises: 

partitioning said upstream frequency spectrum among said 
plurality of cable modems based on said plurality of 
categories. 

19. The cable network of claim 18, wherein the headend is 
further configured to partition the upstream frequency spec­
trum among said plurality of cable modems based on said 

55 plurality of categories. 
20. The cable network of claim 16, wherein the headend is 

further configured to dynamically partition available spec­
trum of the upstream frequency spectrum based on signal 
strength versus frequency profiles of cable modems with con-

60 tending upstream transmissions. 

* * * * * 
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