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DYNAMICALLY CONFIGURABLLE
FREQUENCY BAND SELECTION DEVICE

BETWEEN CATYV DISTRIBUTION SYSTEM
AND CATV USER

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of, and claims the benefit
and priority of, U.S. patent application Ser. No. 12/252,907,
filed on Oct. 16, 2008. The entire contents of which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

The use of a cable television (“CATV”) system to provide
internet, voice over internet protocol (“VOIP”) telephone,
television, and radio services 1s well known 1n the art. In
providing these services, a downstream bandwidth (1.e., radio
frequency (“RFE”) signals, digital signals, optical signals, etc.)
1s passed from a supplier of the services to a user and an
upstream bandwidth 1s passed from the user to the supplier.
The downstream bandwidth 1s passed, for example, within
relatively higher frequencies from within a total bandwidth of
the CATV system while the upstream bandwidth 1s passed
within relatively lower frequencies.

Traditionally, the size of the downstream bandwidth far
exceeds the size of the upstream bandwidth due to nature of
the services provided. For example, while the downstream
bandwidth must accommodate all of the television and radio
programming along with mnternet and VOIP downloading, the
upstream bandwidth 1s only required to accommodate inter-
net, system control signals, and VOIP uploading. Problems
are arising, however, due to an increase in upstream band-
width usage caused by an increasing demand for higher speed
internet uploads and the increasing demand for the VOIP
telephone services.

VOIP telephone services places significant demands on the
upstream bandwidth. When a user uploads a large image file
to a photo sharing website, the 1image file will be parsed into
a number of data packets that can be itermixed with other
data packets being passed through a particular portion of the
upstream bandwidth by other users located on a particular
signal transmission line within the CATV system. To opti-
mize a total data throughput on the particular signal transmis-
s1on line, the data packets may be significantly delayed and/or
reorganized without any knowledge of or inconvenience to
the user. When a user uses VOIP telephone services, their
voice 1s converted into data packets that are similar 1n form to
the data packets used to upload the 1mage file. Because a
typical conversation 1s carried out 1n real time, meaning that a
contiguous and unbroken flow of data packets 1s required, any
person with whom the user 1s talking will quickly notice
significant delays in the delivery of the data packets and/or
reorganization of the data packets that results 1n audio distor-
tion of the user’s voice. Any such reorganization and/or delay
in the uploading of data packets carrying VOIP telephone
services are measured 1n terms of jitter, and are closely moni-
tored because of the significant service quality characteristics
it represents.

Jitter experienced between the user and their caller 15 a
direct result of network congestion within the upstream band-
width. Because the upstream bandwidth 1s shared by all users
on the particular signal transmission line, each user 1s com-
peting with the other users for packet data space within the
upstream bandwidth. Even further, each of the users can
unknowingly inject interference signals, such as noise, spu-

10

15

20

25

30

35

40

45

50

55

60

65

2

rious signals, and other undesirable signals, into the upstream
bandwidth through the use of common household 1tems and
poor quality wiring in the user’s premise, the interference
signals causing errors that force a slow down and an addi-
tional amount of jitter 1n the upstream flow of packets.

In an effort to increase the upstream flow of packets, sev-

eral suppliers have a plan to increase the size of the upstream
bandwidth from 5-42 Mhz to 5-85 Mhz to allow a greater flow
of the upstream content. Along with such an increase, the
downstream bandwidth must be correspondingly decreased
in size because the total bandwidth 1s relatively fixed. Such a
change 1s, however, very difficult to implement.

Traditional practices would require that every drop ampli-
fier and two way (diplex) filter 1n network amplifiers and
nodes of the CATV system to be changed as part of the
increasing the size of the upstream bandwidth. Compounding
the difficulty of implementing such a change, all of the
changes must be implemented at various locations through-
out the CATV system at a single, particular time. Accord-
ingly, such an implementation is time consuming, costly, and
difficult to coordinate.

Further, while increasing the size of the upstream band-
width may incrementally increase the tlow of upstream data
packets, the upstream bandwidth remains susceptible to reli-
ability/congestion 1ssues since 1t 1s based on an inherent,
system wide flaw that leaves the upstream bandwidth open
and easily impacted by any single user. For example, while
the downstream bandwidth 1s constantly monitored and ser-
viced by skilled network engineers, the upstream bandwidth
1s created and passed using an 1nirastructure within a user’s
premise that 1s maintained by the user without the skill or
knowledge required to reduce the creation and passage of
interference signals into the upstream bandwidth. This 1ssue
1s Turther compounded by the fact that over 500 premises can
be connected together such that interference signals gener-
ated by one of the 500 premises can easily impact all of the
remaining premises. It 1s common in the art for the supplier to
add physical filters between the user’s premise and a tap from
of the main signal distribution system near the users premise
to reduce the impact of the interference signals generated on
the user’s premise, but such a physical filter must be installed
manually and does not account for significant, transient inter-
ference sources such as garbage disposals, vacuum cleaners,
welders, powered hand tools, etc.

Even further, increasing the size of the upstream bandwidth
forces suppliers to push their downstream content into
increasingly higher frequency portions of the downstream
bandwidth. Unfortunately, these higher frequencies are much
more susceptible to parasitic losses 1n signal strength caused
by the signal transmission lines, connectors on the user’s
premise, devices connected to the signal transmission lines on
the user’s premise, etc. In the past many users have added
relatively low-tech drop amplifiers on their premise to
account for such losses. Because of the changes to increase
the size of the upstream bandwidth, all of these drop ampli-
fiers must be removed and or replaced. Additionally, because
of the increased demands placed on the downstream content
(e.g., high definition television, increased compression, etc. )
the signal strength (1.e., level) of the downstream bandwidth
must be maintained to closer tolerances than can typically be
provided by the typical low-tech drop amplifier. Accordingly,
as a result of increasing the size of the upstream bandwidth,
the quality of the content moved to the higher frequencies
within the downstream bandwidth may be significantly less-
ened causing a decrease 1n customer satisfaction and an
increase in costly service calls.
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In light of the forgoing, increasing the size of the upstream
bandwidth: (1) may require a significant amount of capital
expenditure 1n terms new filter devices and the manpower to
install the devices; (11) may not result 1n the expected large
increases 1n upstream data throughput because of the inter-
terence signals mjected from within each user’s premise; (i11)
may result in lower quality downstream content, and (1v) may
inject additional interference signals that now fall within the
additional upstream bandwidth, which would have otherwise
been filtered out.

Therefore, there 1s a need to overcome, or otherwise lessen
the effects of, the disadvantages and shortcomings described
above.

SUMMARY OF THE INVENTION

The present invention helps to reduce the complexity and
cost mvolved with changing the size of an upstream band-
width. Specifically, the present invention allows a CATV
supplier to implement such a change 1n the size at a common,
specific time to all users of the CATV services.

Further, the present invention can be added to a variety of
other devices that require a defined separation between the
upstream bandwidth and the downstream bandwidth. The
incorporation of the present mmvention allows such other
devices to remain relevant after a change 1n the size of the
upstream bandwidth.

In accordance with one embodiment of the present inven-
tion, a frequency band selection device 1s provided that can be
inserted 1nto a signal transmission line of a CATV system on
the premise of a user. The device includes at least two signal
path sets between a tap side and a premise side. Each signal
path set includes two discrete signal paths, a high frequency
signal path allowing a downstream bandwidth to pass from
the tap side to the premise side and a low frequency signal
path allowing an upstream bandwidth to pass from the
premise side to the tap side. The high frequency signal path
and the low frequency signal path are separated by a cut-off
transition frequency that 1s different for each signal path set.
The device further includes a switch controller having at least
two discrete switch positions. The switch controller chooses
one of the switch positions as a result of an immformation
signal. Each of the switch positions corresponds to a respec-
tive one of the signal path sets.

In accordance with one embodiment of the present mnven-
tion, a dynamically configurable CATV system 1s provided.
The system includes a plurality of frequency band selection
devices, each of the devices being located on a premise of a
user. Each device includes at least two signal path sets
between a tap side and a premise side. Each signal path set
includes two discrete signal paths, a high frequency signal
path allowing a downstream bandwidth to pass from the tap
side to the premise side and a low frequency signal path
allowing an upstream bandwidth to pass from the premise
side to the tap side. The high frequency signal path and the
low frequency signal path are separated by a cut-ofl transition
frequency that 1s different for each signal path set. Each
device further includes a switch controller having at least two
discrete switch positions. The switch controller chooses one
of the switch positions as a result of an information signal.
Each of the switch positions corresponds to a respective one
of the signal path sets. The system further includes a head end
transmitter being connected to each of the plurality of devices
via a main distribution line, the head end transmitter provid-
ing the mformation signal to the switch controller 1n each of
the devices.
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In accordance with one embodiment of the present inven-
tion, a method 1s provided for varying CATV frequency bands
onapremise of auser of CATV services. The method includes
providing a frequency band selection device on the premise.
The device includes at least two signal path sets between a tap
side and a premise side. Each signal path set includes two
discrete signal paths, a high frequency signal path allowing a
downstream bandwidth to pass from the tap side to the
premise side and a low frequency signal path allowing an
upstream bandwidth to pass from the premise side to the tap
side. The high frequency signal path and the low frequency
signal path are separated by a cut-oif transition frequency that
1s different for each signal path set. The device further
includes a switch controller having at least two discrete
switch positions. The switch controller chooses one of the
switch positions as a result of an information signal. Each of
the switch positions corresponds to a respective one of the
signal path sets. The method further includes actuating the
switch controller as a result of the information signal.

In accordance with one embodiment of the present inven-
tion, the device further includes a tap side filter set including,
at least two frequency band splitting devices selectable by a
tap side switch set, and a premise side filter set including at
least two frequency band splitting devices selectable by a
premise side switch set. Preferably, the tap side switch set and

the premise side switch set are actuated by the switch con-
troller.

In accordance with one embodiment of the present inven-
tion, the tap side switch set includes a tap side downstream
switch and a tap side upstream switch, and the premise side
switch set includes a premise side downstream switch and a
premise side upstream switch.

In accordance with one embodiment of the present inven-
tion, the mformation signal 1s a continuous tone.

In accordance with one embodiment of the present inven-
tion, the information signal contains a coded operational sig-
nal.

In accordance with one embodiment of the present inven-
tion, one of the frequency band splitting devices 1n each of the
tap side filter set and the premise side filter set 1s configured to
separate the upstream bandwidth from the downstream band-
width according to DOCSIS-1 and DOCSIS-2 standards.

In accordance with one embodiment of the present inven-
tion, one of the frequency band splitting devices 1n each of the
tap side filter set and the premise side filter set 1s configured to
separate the upstream bandwidth from the downstream band-
width according to a DOCSIS-3 standard.

In accordance with one embodiment of the present inven-
tion, the device includes three or more signal path sets and
three or more discrete switch positions.

BRIEF DESCRIPTION OF THE DRAWINGS

For a turther understanding of the nature and objects of the
invention, references should be made to the following
detailed description of a preferred mode of practicing the
invention, read 1n connection with the accompanying draw-
ings in which:

FIG. 1 1s a graphical representation of a CATV system
arranged 1n accordance with an embodiment of the present
imnvention;

FIG. 2 1s a graphical representation of a user’s premise
arranged 1n accordance with an embodiment of the present
invention;

FIG. 3 1s a partial circuit diagram of a premise device made
in accordance with an embodiment of the present invention;
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FIG. 4 1s a partial circuit diagram of the premise device
represented in FI1G. 3;

FIG. 5 1s a circuit diagram representing a premise device
including a configurable frequency band selection device
made 1n accordance with another embodiment of the present
invention;

FIG. 6a 15 a circuit diagram representing a premise device
including an upstream bandwidth conditioning device made
in accordance with another embodiment of the present inven-
tion;

FI1G. 6b 15 a circuit diagram representing a premise device
including an upstream bandwidth conditioning device made
in accordance with another embodiment of the present mnven-
tion;

FIG. 7 1s a tflow chart representing an signal level adjust-
ment setting routine performed by the circuit of FIGS. 6a and
6D,

FIG. 8 1s a circuit diagram representing a premise device
including an automatic downstream bandwidth output level
and/or output level t1lt compensation device made in accor-
dance with another embodiment of the present invention;
(NOTE: manually mserted compensation devices have been
common for years)

FIG. 9 1s a graphical representation of an interpolated gain
curve determined 1n accordance with the device represented
in FIG. 8.

FI1G. 10 1s a graphical representation of a gain curve deter-
mined 1n accordance with the device represented 1n FIG. 8;

FI1G. 11 1s a graphical representation of a gain curve deter-
mined 1n accordance with the device represented 1n FIG. 8;

FI1G. 12 1s a graphical representation of a gain curve deter-
mined 1n accordance with the device represented 1n FIG. 8.

DETAILED DESCRIPTION OF THE INVENTION

As shown 1n FIG. 1, a cable television (“CATV”) system
typically includes a supplier 20 that transmits downstream
signals, such as radio frequency (“RF”) signals, digital sig-
nals, optical signals, etc., to a user through a main signal
distribution system 30 and recerves upstream signals from a
user through the same main signal distribution system 30. A
tap 90 1s located at the main signal distribution system 30 to
allow for the passage of the downstream\upstream signals
from\to the main signal distribution system 30. A drop trans-
mission line 120 1s then used to connect the tap 90 to a house
10, 60, an apartment building 50, 70, a cotlee shop 80, and so
on. A premise device 100 of the present mvention 15 con-
nected 1n series or in parallel between the drop transmission
line 120 and a user’s premise distribution system 130.

Referring still to FIG. 1, 1s should be understood that the
premise device 100 can be placed at any location between the
tap 90 and the user’s premise distribution system 130. This
location can be conveniently located within the building 10,
or exterior to the building 60. Similarly, the premise device
100 can be located within individual apartments of the apart-
ment building 70 or exterior to the apartment building 50. It
should be understood that the premise device 100 can be
placed at any location, such as the coffee shop 80 or other
business, where CATV services, including internet, VOIP, or
other unidirectional\bidirectional services are being used.

As shown 1n FIG. 2, the user’s premise distribution system
130 can then be split using a splitter 190 so that upstream/
downstream signals can pass to a television 150 and a modem
140 1n accordance with practices well known 1n the art. The
modem 140 can include voice over internet protocol
(“VOIP”) capabilities atfording telephone 170 services and

10

15

20

25

30

35

40

45

50

55

60

65

6

can 1nclude a router affording internet services to a desktop
computer 160 and a laptop computer 180, for example.
Additionally, 1t 1s common practice to provide a “set-top
box™ (“STB”) or *“set-top unit” (“STU”) for use directly with
the television 150. For the sake of clarity, however, there 1s no
representation of an STB or STU included in FIG. 2. The STB
and STU are mentioned here 1n light of the fact that many
models utilize the upstream bandwidth to transmit informa-
tion relating to “pay-per-view” purchases, billing, etc.
Accordingly, 1t should be understood that even though FI1G. 2
explicitly shows that there 1s only one premise device 100
used for each device generating upstream data packets, each
premises device 100 can be used with two or more devices
(c.g. amodem, a STB, a STU, a dedicated VOIP server, etc.)

that transmit upstream data packets via the upstream band-
width.

Referring to FI1G. 3, the premise device 100 includes a main
circuit 200 that 1s positioned along with a tuner circuit 600
and a microprocessor circuit 800. Preferably, the combination
of circuits 200, 600, 800 forms a configurable frequency band
selection device 1 (represented separately i FIG. 5), an
upstream bandwidth conditioning device 2 (represented sepa-
rately in FIGS. 64 and 6b6) and a downstream output level
and/or output level tilt compensation device 3 (represented
separately 1n FIG. 8), each of which will be discussed sepa-
rately in greater detail below. It should be understood, how-
ever, that circuits 200, 600, 800 of the premise device 100 can
be configured to form any combination of the devices such
that the premise device 100 may include any one of the
devices, any two the devices, or all three of the devices.
Preferably, each of the circuits are positioned within a single
enclosure, but 1t should be understood that circuits 200, 600,
800 could be arranged within multiple enclosures to account
for space, cost, better resultant performance, or other envi-
ronmental considerations.

Because a diagram of a premise device 100 including all
three devices 1s too complex to be clearly represented in one
figure, a circuit 205 of the main circuit 200, as 1t 1s represented
in FIG. 3, 1s represented 1n FIG. 4 with mputs and outputs
between 1tself and the remaining positions of the circuit 200
in FIG. 3 labeled similarly.

Along these lines, alternate embodiments of the premise
device 100 are represented 1n FIGS. 5, 6a, 60 and 8. FIG. 5
represents an embodiment of the premise device 100 includ-
ing only the configurable frequency band selection device 1.
FIGS. 6a and 6b represent an embodiment of the premise
device 100 including only the upstream bandwidth condition-
ing device 2. FIG. 8 represents an embodiment of the premise
device 100 including only the downstream output level and/or
output level tilt compensation device 3. It should be under-
stood that the embodiments shown 1n FIGS. 5, 6a, 65 and 8
are presented to help clarity the components specific to the
particular device, and that other embodiments including com-
binations of these are envisioned.

Individual components that are similar between the
embodiments represented in FIGS. 3, 4, 5, 6a, 6b, and 8 are
identified using the similar reference numbers. For example,
the microprocessor represented in each of the embodiments 1s
referenced using the number 810. One skilled 1n the art should
know that the microprocessor could be the same or different
across the embodiments depending on the requirements
placed thereon.

As shown 1n FIG. 3, the main circuit 200 of the premise
device 100 includes a supplier side 210 and a premise side
220. The supplier side 210 1s positioned to recerve the down-
stream bandwidth from the supplier 20 (FIG. 1) and to send
the upstream bandwidth to the supplier 20. The premise side
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220 1s positioned to send the downstream bandwidth to the
user and to receive the upstream bandwidth from the user.
Each of the supplier side 210 and the premise side 220 can
include a traditional threaded 75 ohm connector so that the
premise device 100 can be easily placed 1n series with the
drop transmission line 120 and the premise distribution sys-
tem 130. Alternatively, each of the supplier side 210 and the
premise side 220 may include a proprietary connecter to
hinder attempts at tampering with or theft of the premise
device 100. Other connectors may also be used depending on
the type and/or size of the drop transmission line 120, the
premise distribution system 130, or a system impedance other
than 75 ohms.

The premise device 100 preferably includes a lightening
protection device 230 positioned near the supplier side 210
and a lightening protection device 240 positioned near the
premise side 220. Having two lightening protection devices
230, 240 attempts to protect the premise device 100 from
energy passing from the drop transmission line 120 from a
lighting strike and from energy passing from the premise
distribution system 130 from a lighting strike. It should be
understood that the lightening protection devices may not be
necessary 1t/when the premise device 100 1s configured to be
placed 1n a CATYV system that utilizes non-conductive signal
transmission lines. Any of the high quality, commercially
available lightning protection devices will function well
within the specified locations within the premise device 100.

The premise device 100 preferably includes two power
bypass failure switches 250, 260 that route all of the
upstream\downstream signals through a bypass signal path
270 (e.g. a coaxial cable, an optical cable, a microstrip, a
stripline, etc.) 1n the event of a power outage. The bypass
fallure switches 250, 260 are preferably located near the
supplier end 210 and premise end 220, respectively. In an
clfort to protect the bypass failure switches 250, 260 from
damage due to lightening energy, they are preferably placed
between the lightening protection devices 230, 240 and the
supplier end 210 and premise end 220.

Each of the bypass failure switches 250, 260 includes a
default position bypassing the upstream/downstream signals
through the bypass signal path 270 at any time power 1s
removed from the premise device 100. When power 1s
applied, each of the bypass failure switches 250, 260 actuate
to a second position that disconnects the bypass signal path
270 and passes all of the upstream\downstream signal trans-
missions along another path through the circuit 205 (FIG. 4)
within the main circuit 200. The switches may also be con-
trolled such that when there 1s a fault detected 1n the premise
device 100 that could abnormally hinder the flow of the
upstream\downstream bandwidths through the circuit 205
(FI1G. 4), the switches 250, 260 are moved to their default
position sending the upstream/downstream signal transmis-
sions through the bypass signal path 270. Any of the high
quality, commercially available signal transmission switches
will function well within the specified locations within the
premise device 100. The bypass signal path 270 can be any
suitable coaxial cable or optical cable depending on the
CATYV system configuration.

The premise device 100 preferably includes circuit com-
ponents creating the frequency band selection device 1 (FIG.
5 and represented but not referenced in FIGS. 3 and 4). The
frequency band selection device 1 1s configured to automati-
cally switch between a configuration corresponding to earlier
Data Over Cable Service Interface Specification (“DOCSIS”)
specifications and a configuration corresponding to a later
generation specification, such as DOCSIS 3.0. While this
feature may be advantageous by 1tself 1n the premise device
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100, this feature allows for other devices, such as the
upstream bandwidth conditioning device 2 and the down-
stream bandwidth output level and/or output level tilt com-
pensation device 3, to remain relevant after a change between
specifications. In particular, because each of these devices
requires an accurate separation of signals between the
upstream bandwidth and the downstream bandwidth, any
necessary change in the upstream/downstream bandwidths
would render these specific devices inoperable. It should be
understood that even though the DOCSIS specifications are
referenced above and below, the upstream/downstream band-
width configurations may be maintained and changed accord-
ing to any specifications.

A simplified version of the of the frequency band selection
device 1 1s shown 1n FIG. 5 while all of the components are
also present 1n the embodiment of FIGS. 3 and 4. The selec-
tion device 1 includes a plurality of switches 280, 290, 300,
310, 320, 330 that define a first signal path set 910 and second
signal path set 920. Each signal path set includes two discrete
signal paths, a high frequency signal path 930 and a low
frequency signal path 940. The first signal path set 910 1s
formed using a pair of first frequency band splitting devices
340, 345, and the second signal path set 920 1s formed using
a pair of second frequency band splitting device 350, 355. A
cutoll frequency set by the first pair of frequency band split-
ting devices 340, 345 corresponds to DOCSIS specifications
having a narrower upstream bandwidth, and a cutofl fre-
quency set by the second set pair of frequency band splitting
devices 350, 355 corresponds to the later DOCSIS specifica-
tions, which include a broader upstream bandwidth than the
carlier DOCSIS standards. It should be understood that the
cutofl frequencies can be changed to accommodate even
newer DOCSIS standards or other standards by the mere
replacement of the first pair of frequency band splitting
devices 340, 345 and/or the second pair of frequency band
splitting devices 350, 355. Any of the high quality, commer-
cially available switches and frequency band splitting devices
will function well within the specified locations within the
premise device 100.

Hach of the switches 280, 290, 300, 310, 320, 330 1s con-
trolled either directly or indirectly by a microprocessor 810
(FIG. 3). The microprocessor 810 determines whether to
actuate the switches 280, 290, 300, 310, 320, 330 to the first
signal path set 910 or to the second signal path set 920 based
on an information transmaission signal preferably sent by the
supplier 20. A signal coupler 360 allows for a recerver to 820
to receive the information transmission signal, such as a tone,
a coded operational signal, or other well known information
transmission, that can be understood by the microprocessor
810 to indicate the switch position. For example, the presence
of an information signal can be used to indicate that the
microprocessor 810 should select the second signal path set
920, whereas no information signal could indicate that micro-
processor 810 should select the first signal path set 910. For
example, the presence of a continuous tone at 900 MHz can be
identified by passing a signal carrying such a tone through a
band pass filter 830 to eliminate unnecessary signals and a
comparator 840, which only provides a tone to the micropro-
cessor when/if the tone 1s stronger than a predetermined
threshold determined by a voltage source 850 and a resistive
voltage divider 860. The frequency can be selected by the
microprocessor 810 and can be tuned by a phase-locked loop
control system 880 and an amplifier 870 1n a manner well
known 1n the art. Any of the high quality, commercially avail-
able microprocessors, signal couplers and receivers will func-
tion well within the specified locations with the premise

device 100.
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The premise device 100 preferably further includes circuit
components creating the upstream bandwidth conditioning
device 2, which automatically increases the signal to noise
rat10 of the upstream bandwidth created on the user’s premise
and passed 1nto the upstream bandwidths on the main signal
distribution system 30. It should be understood that with
VOIP telephone service, the consistent flow of upstream data
packets that lasts as long as the telephone call can appear to be
noise (1.e., mtertference signals). Before VOIP, such continu-
ous upstream flow data of data packets was not likely. Accord-
ingly, the present device purposefully includes logic and
structure that will halt the addition of attenuation once the
maximum output of the cable modem 1s sensed even if the
upstream data flow 1s consistent enough to be interpreted as

noise.

As shown 1n FIGS. 3, 4, and 64, the upstream bandwidth
conditioning device 2 of one embodiment of the premise
device 100 includes a variable attenuator 400 and an amplifier
410. The amount of signal level adjustment used to condition
the upstream bandwidth 1s determined by the microprocessor
810 based on inputs from a signal level detector 390. The
signal level detector 390 measures and maintains a contem-
porary peak signal strength of the upstream bandwidth via a
tap 370 and a filter 380. The microprocessor 810 includes a
counting circuit, a threshold comparison circuit and a level
comparison circuit. It should be understood that even though
a microprocessor 810 1s used in the present embodiment, 1t 1s
envisioned to control the variable attenuator 400 in the man-
ner described using a traditional logic circuit.

As shown 1n FIG. 65, another embodiment of the upstream
bandwidth conditioning device 2 includes a variable amplifier
415, which 1s connected and controlled by the 810. According
to this embodiment, an attenuator 403 1s present and 1s not
controlled by the microprocessor. Other embodiments are
envisioned that include both a variable amplifier 415 and a
variable attenuator 405. Further, the variable signal level
adjustment device could also be an automatic gain control
circuit (“AGC”) and function well 1n the current device. In
other words, 1t should also be understood that the amount of
signal level adjustment and any incremental amount of addi-
tional signal level adjustment can be accomplished through
any of a wide variety of amplification and/or attenuation
devices.

In light of the forgoing, the term ““variable signal level
adjustment device” used herein should be understood to
include not only a varniable attenuation device, but also cir-
cuits containing a variable amplifier, AGC circuits, other vari-
able amplifier/attenuation circuits, and related optical circuits
that can be used to reduce the signal strength on the upstream
bandwidth.

It should be noted that the term contemporary signal
strength 1s intended to describe a current or present signal
strength as opposed to a signal strength measured at a time 1n
the past (1.e., a previous signal strength) such as prior to an
application of signal level adjustment or an application of an
additional amount of signal level adjustment. The reason for
this point should be clear based on the following.

In operation, the microprocessor 810 within the upstream
bandwidth conditioning device 2 performs a signal level set-
ting routine 1000 (FIG. 7) to determine an approprate
amount of signal level adjustment to apply to the upstream
bandwidth via the variable attenuator 400, the variable ampli-
fier 415 or other suitable variable signal level adjustment
device. The signal level setting routine can be run continu-
ously, at predetermined intervals, and/or on command as a
result of an information signal transmitted by the supplier 20.
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Once 1nitiated, the microprocessor 810 or logic circuit per-
torms the signal level setting routine 1n accordance with the
flow chart shown 1n FIG. 7.

Referring now to FIG. 7, upon mitialization 1010 of the
signal level setting routine 1000, the counting circuit in the
microprocessor 810 1s reset to zero (0), for example, 1n step
1020. Next, the microprocessor 810 iteratively performs steps
1030, 1040, 1050, 1060, 1070, 1080 and 1090 until the
counter reaches a predetermined number (e.g. 25) or the
answer to step 1080 1s negative.

Specifically, 1in step 1030 the microprocessor 810 reads a
contemporary signal strength from the signal level detector
390, and the counter 1s incremented by a predetermined incre-
ment, such as one (1) 1n step 1040. The microprocessor 810
then looks to see if the counter 1s greater than the predeter-
mined number (1.e., 25). If so, the microprocessor 810 ends
the routine, but 1f not, the microprocessor 810 proceeds to
step 1060. In step 1060, the microprocessor 810 compares the
contemporary signal strength to a predetermined threshold. If
the contemporary signal strength 1s greater than the predeter-
mined threshold, the microprocessor 810 instructs the vari-
able attenuator 400 to add an amount of additional signal level
adjustment (e.g. 1 dB), but if the contemporary signal
strength 1s lower than the predetermined threshold, the micro-
processor 810 returns to step 1030.

After adding the amount of additional signal level adjust-
ment, the microprocessor 810 reads a new contemporary
signal strength 1n step 1080 while saving the previously read
contemporary signal strength (1.e., from step 1030) as a pre-
vious signal strength in preparation for step 1090. In step
1090, the microprocessor 810 compares the contemporary
signal strength measured 1n step 1080 and the previous signal
strength measured 1n step 1030 to one another. If the contem-
porary signal strength 1s equal to the previous signal strength
then the microprocessor 810 returns to step 1030, but 11 the
contemporary signal strength 1s less than the previous signal
strength the microprocessor 810 proceeds to step 1100 where
it instructs the variable attenuator 400 to reduce the amount of
signal level adjustment by a predetermined amount (e.g. the
amount of additional signal level adjustment added 1n step
1070 or an amount greater than the additional signal level
adjustment added 1n step 1070). After step 1100, the micro-
processor 810 saves the total amount of signal level adjust-
ment 1n step 1110 and stops the routine at step 1120. Again, 1t

should be understood that the amount of additional signal
level adjustment may be added/removed by the variable
amplifier 415, or by the AGC discussed above.

As mentioned above, an important aspect of the present
signal level setting routine 1s the comparison step conducted
in step 1090. A traditional cable modem 140 (FIG. 2) used 1n
CATYV systems can adjust 1ts output level based on informa-
tion signals received from the suppler in the downstream
bandwidth. In particular, 1f the modem signal recerved by the
supplier 20 1s weak, the supplier 20 instructs the modem 140
to 1ncrease its transmission signal level. As this relates to the
current invention, the modem 140 will continually increase
signal level as a result of increased amounts of upstream
bandwidth signal level adjustment until the modem 140 can
no longer increase 1ts transmission signal strength. Accord-
ingly, the contemporary signal strength measured in step
1080 after the addition of additional signal level adjustment in
step 1070 should be equal to the previous signal strength 11 the
modem 140 1s able to compensate for the additional signal
level adjustment. However, 1f the modem 140 is already pro-
ducing 1ts maximum signal strength, the contemporary signal
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strength will be less than the previous signal strength when an
additional amount of upstream bandwidth signal level adjust-
ment 1s applied.

Because problems could result in the modem 140 from
operating 1t at 1ts maximum output (1.e., signal distortion may
be high when the modem 140 1s operating at or near a maxi-
mum level and/or the durability of the modem 140 may be
sacrificed when the modem 140 1s operating at or near a
maximum level), the amount of signal level adjustment may
be reduced by a suilicient amount in step 1100 to ensure
quality of the output signal generated by the modem 140 and
the durability of the modem 140 once the maximum output
strength of the modem 140 1s 1dentified.

It 1s noted that 1n a system with more than one device
passing data packets mto the upstream bandwidth, the
premise device 100 may identily the maximum output
strength of one device and not the other. In other words, the
premise device 100 may identify the first device achieving its
maximum output strength without proceeding to identify the
maximum output strength of any other devices. If the premise
device 100 fails to 1dentity the first observed maximum out-
put strength, that device may continue to operate at 1its maxi-
mum output strength until another determination cycle 1s
initiated.

The predetermined number compared in 1050 can be
related directly to the amount of signal level adjustment. For
example, 1f the varniable signal level adjustment device 1s a
step attenuator including 25 steps of 1 dB attenuation, as 1s the
case 1n the embodiment represented in FIG. 64, the predeter-
mined number can be set to 25 to allow for the finest resolu-
tion (1.e., 1 dB) and the broadest use of the particular step
attenuator’s range (1.¢., 25 dB). It should be understood that
the number of steps could be reduced and the resolution could
be decreased (1.e., 5 steps of 5 dB) 1t faster overall operation
1s desired. It 1s also foreseeable that the predetermined num-
ber could be increased 1f a variable signal level adjustment
device having a finer resolution (i.e., less than 1 dB) or a
broader range (1.¢., greater than 25 dB) 1s utilized. The incre-
mented amount discussed here relating the counter and the
predetermined number 1s one (1) such that there are 25 1tera-
tions (1.e., 25 steps) when the predetermined number 1s 25.
The increment could easily be any number (1.e., 1, 5, 10, -1,
-10, etc.) depending on the predetermined number and the
total number of steps desired, which, as discussed above, 1s
based on the desired resolution and the desired range of signal
level adjustment.

The amount of additional attenuation added 1n step 1070,
and the predetermined amount of attenuation reduced in step
1100 are all variables that are currently based, at least par-
tially, on hardware design limitations and can, depending on
the hardware, be adjusted by one skilled 1n the art based on the
conditions experienced in a particular CATV system and with
particular CATV equipment. As discussed above, the variable
signal level adjustment device 1n one embodiment of the
present invention 1s a step attenuator having a resolution of 1
dB and a range of 25 dB. Accordingly, the amount of addi-
tional attenuation added 1n step 1070 using the present hard-
ware could be 1 dB or multiples of 1 dB. Similarly, the
predetermined amount of attenuation reduced 1n step 1100
can be 1 dB ormultiples o1 1 dB. It should be understood that
if the amount of additional attenuation added 1n step 1070 1s
a multiple of 1 dB, such as 5 dB, the amount of attenuation
reduced 1n step 1100 can be a lesser amount, such as 2 dB or
4 dB. The amount of attenuation reduced in step 1100 can also
be greater than the amount of additional attenuation added in
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step 1070 for the reasons stated above relating to maintaining,
the quality of the output from the modem 140 and the and
durability of the modem 140.

The predetermined threshold compared in step 1060 1s a
signal level suflicient to distinguish the presence of upstream
data packets 1n the upstream bandwidth from interference
signals. This value will vary depending on the output power of
any cable modem 140, STB, STU, etc. 1n the system and the
average observed level of iterference signals. A goal 1s, for
example, to determine 1 a device 1s present that sends
upstream data packets via the upstream bandwidth. If the
predetermined threshold 1s set too low, the interference sig-
nals may appear to be upstream data packets, but 1t the pre-
determined threshold 1s set too high, the upstream data pack-
cts may appear as interference signals.

Any of the high quality, commercially available signal
couplers, signal level detectors, variable attenuation devices,
filters, amplifiers, and microprocessors will function well
within the specified locations within the premise device 100.

Referring now to FIGS. 3, 4, and 8, the premise device 100
preferably includes circuit components creating the down-
stream bandwidth output level and/or output level tilt com-
pensation device 3, which helps to maintain a desired signal
quality 1in transmitted signals using relatively high frequen-
cies within the downstream bandwidth, which are much more
susceptible to traditional parasitic losses. At a simplistic level,
the microprocessor 810 observes channel data obtained from
the tuner circuit 600, compares the observed channel data to
a known parasitic loss curve, and then adjusts a pair of vari-
able output level compensation devices 440, 450 and a vari-
able slope adjusting circuit 460 located 1n the circuit 200 to
create an output having a desired gain curve (1.e., a curve
representative of transmitted signal strengths) across the
downstream bandwidth. While each of the variable output
level compensation devices 440, 450 are depicted 1n FIGS. 4
and 8 as a variable attenuator, 1t should be understood that the
term “variable output level compensation device” used herein
should be understood to include not only a variable attenua-
tion device, but also circuits contaiming a variable amplifier,
AGC circuits, other variable amplifier/attenuation circuits,
and related optical circuits that can be used to alter the signal
strength of signals 1n the downstream bandwidth. Each of
these steps will be discussed 1n further detail below.

The tuner circuit 600 obtains the downstream bandwidth
from a coupler 420 drawing the downstream bandwidth off of
the high frequency signal path 930 (FIG. 5). Please note that
these signals will be referred to herein as the coupled down-
stream bandwidth. The coupled downstream bandwidth 1s
passed through a resistor 430 prior to being passed into a tuner
610.

Through instructions provided by the microprocessor 810,
the tuner 610 scans the coupled downstream bandwidth 1n an
elfort to locate and 1dentity a channel having a low frequency,
referred to herein as a low band signal channel 1250 (FI1G. 9),
and a channel having a high frequency, referred to herein as a
high band signal channel 1260 (FIG. 9). In the present
instance, the microprocessor 810 instructs the tuner 610 to
begin at the lowest frequency 1n the downstream bandwidth
and scan toward higher frequencies until the low band signal
channel 1250 1s found. Similarly, the microprocessor 810
instructs the tuner 610 to begin at the highest frequency in the
coupled downstream bandwidth and scan toward lower fre-
quencies until the high band signal channel 1260 1s found.
Accordingly, the low band signal channel 1250 1s a channel
located near the lowest frequency within the coupled down-
stream bandwidth while the high band channel 1260 i1s a

channel located near the highest frequency within the coupled




US 9,271,026 B2

13

downstream bandwidth. Even though the low band signal
channel 1250 and the high band signal channel 1260 are
depicted 1n FIG. 9 as a single frequency for clarity, 1t should
be understood that a channel 1s typically a range of frequen-
cies. It should also be understood that the low band signal
channel 1250 and the high band signal channel 1260 do not
need to be the lowest or highest frequency channels, respec-
tively. It 1s beneficial, however that the two channels be
spaced as far apart from one another as practical to better
estimate the amount of parasitic loss experiences across the
entire downstream bandwidth.

During the scanning process to locate and identify the low
and high band signal channels 1250, 1260, the tuner circuit
600 provides the microprocessor 810 with three types of
information. First, a signal indicating that a channel has been
identified 1s provided to the microprocessor 810 through
iput line 640. Second, a signal indicating signal strength of
the 1dentified channel 1s provided to the microprocessor 810
through input line 630. Third, a signal indicating the format of
the 1dentified channel 1s provided to the microprocessor 810
through mput line 620.

The signal 1indicating that a channel has been identified 1s
created by passing the coupled downstream bandwidth
though a band pass filter 650 to remove extraneous noise, a
signal level detector 660 to convert signal into a voltage, and
another signal level detector 670. The signal leaving the sig-
nal level detector 670 1s compared to a predetermined thresh-
old voltage using comparator 680. The predetermined thresh-
old voltage 1s created using a voltage source 690 and an
resistive divider 700, and 1s set such that 11 the voltage asso-
ciated with the coupled downstream bandwidth at the tuner
frequency 1s greater than the threshold voltage, it 1s likely a
channel in use by the supplier 20, whereas i the voltage
associated with the coupled downstream bandwidth at the
tuner frequency 1s less than the threshold voltage, it 1s likely
interference signals.

The signal indicating signal strength 1s created similarly to
the signal indicating that a channel has been 1dentified. The
signal indicating signal strength passes through comparator
720 when 1t 1s greater than a threshold voltage created by a
voltage source 730 and a resistive divider 740. To clarity the
differences, the signal indicating that a channel has been
identified may not have any direct relation to the actual signal
strength, whereas the signal indicating signal strength 1s
directly proportional to the actual signal strength of the 1den-
tified channel.

The signal indicating the format of the identified channel 1s
created when the coupled downstream bandwidth passes
through a channel analyzer, which includes the band pass
filter 650, the signal level detector 660, a synch detector 750,
a low pass filter 760, and a signal level detector 770. The
resulting signal 1dentifies whether the 1dentified channel 1s an
analog format channel or another type of signal format.

According to current signal transmission specifications,
digital format channels have a signal strength that 1s typically
6 dB less than a corresponding analog channel. Accordingly,
the microprocessor 810 must include a level oifset calculation
that can account for this 6 dB difference when comparing the
relative signal strengths of the low and high band signal
channels 1250, 1260. If this inherent difference i1s not
accounted for, any resulting comparisons of the two channels
1250, 1260 for the purpose of determining relative signal
strengths would necessarily be tlawed. For example, if the
high band channel 1260 1s digital while the low band channel
1250 1s analog, the additional, inherent 6 dB difference would
incorrectly indicate that there 1s more parasitic losses than
there actually 1s. Stmilarly, 11 the high band channel 1260 1s
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analog and the low band channel 1250 1s digital, any resulting
comparison would incorrectly indicate that there 1s less para-
sitic loss that there actually 1s. Therefore, 1t should be under-
stood that it does not matter whether the 6 dB offset 1s added
to the signal strength of a digital format channel or the 6 dB
offset 1s subtracted from the signal strength of an analog
format channel. Further, it should be understood that the 6 dB
oflset can be added to the signal strength of both the low and
high band channels 1250, 1260 i1 they are both digital or the
6 dB offset can be subtracted from the signal strength of both
the low and high band channels 1250, 1260 if they are both
analog Even further, it should be understood that the offset
value 1s dictated by the standards observed by a particular
supplier and can be, therefore, a value other than 6 dB.
After completing the scanning process and the process of
adding/removing any oil

sets, the microprocessor 810 now
has a low band signal strength (including any offset), a low
band channel frequency, a high band signal strength (1nclud-
ing any oifset), and a high band channel frequency. The
known information (i.e., the strength and frequency) of the
low and high band channels 1250, 1260 are now compared, by
the microprocessor 810, to a predetermined signal strength
loss curve (1.e., a gain loss curve), which corresponds to the
known parasitic losses associated with the type of coaxial/
optical cables used, as shown 1n FIG. 9. This step beneficially
allows the known information to be interpolated across the
entire downstream bandwidth. Using the iterpolated curve,
the microprocessor 810 determines how much signal level
adjustment to apply and 1n what manner to apply the level
adjustment across the entire downstream bandwidth such that
the a resulting gain curve across the entire bandwidth 1s nearly
linear and preferably with a slight increase 1n gain toward the
higher frequencies 1n anticipation of parasitic losses that wall
occur downstream from the premise device 100. For example,
the amount of level 1s determined by the high band signal
strength (1.e., high band gain) including any interpolation to
the highest frequency, and the amount of level reduction 1s
determined by the low band signal strength (i.e., low band
level) including any interpolation to the lowest frequency.

It should be understood that parasitic losses affect higher
frequencies more than lower frequencies. Accordingly, 11 a
known signal having a —10 dB si1gnal strength, for example, 1s
transmitted at various frequencies across the entire down-
stream bandwidth and across a length of coaxial/optical
cable, a plot of the resulting gain curve would result 1 a
curve, which 1s known. Because the end goal 1s to have a gain
curve that 1s a straight line near the original signal strengths or
to have a gain curve that has an increasing slope versus
frequency, the microprocessor 810 directly controls the vari-
able slope adjustment circuit to adjust the downstream signal
transmission 1n curve such that the lower frequencies are
lower 1n amplitude than the higher frequencies.

For example, as shown in FIG. 9, using the known {re-
quency and signal strength for each of the low band channel
1250 and the high band channel 1260, a gain curve 1210 can
be plotted across the entire downstream bandwidth, which 1s
shown, for example, as being from SO0 MHzto 1000 MHz. The
microprocessor 810 then determines a total amount of level
adjustment to be added by the amplifier 490 and/or the ampli-
fier 500 that will at least replace the loss at the highest fre-
quency. In the present example, the amount of level adjust-
ment would be at least +38 dB, resulting 1n a gain curve 1220
that 1s shown 1n FIG. 10. Based on the interpolated gain curve
shown 1n FIG. 9, the microprocessor 810 instructs the vari-
able slope circuit 460 to apply a siumilar, but inversely curved
amount of correction to result 1n a relatively flat gain curve
1230 shown 1n FIG. 10. It may be desirable to increase the
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amount of level adjustment applied and increase the curvature
of the slope adjustment to result in a gain curve 1240, as
shown 1 FIG. 8, which has an increasing slope toward the
higher frequencies.

As with the other devices discussed above, the downstream
bandwidth output level and/or output level tilt compensation
device 3 can be activated automatically upon mitialization of
the premise device 100, a set intervals, upon the occurrence of
a particular event, and/or upon receipt of an information
signal (e.g. a tone, a coded operating signal, etc.) from the
supplier 20.

While the present invention has been particularly shown
and described with reference to certain exemplary embodi-
ments, 1t will be understood by one skilled in the art that
various changes in detail may be etiected therein without
departing from the spirit and scope of the invention as defined
by claims that can be supported by the written description and
drawings. Further, where exemplary embodiments are
described with reference to a certain number of elements 1t
will be understood that the exemplary embodiments can be
practiced utilizing either less than or more than the certain
number of elements.

The following 1s claimed:

1. A frequency band selection device that can be mserted
into a signal transmission line of a CATV system on the
premise of a user, the device comprising:

at least two signal path sets between a tap-side and a

premise-side, each of the at least two signal path sets

comprising:

a first discrete signal path comprising a high frequency
signal path allowing a downstream bandwidth to pass
from the tap-side to the premise-side,

a second discrete signal path comprising a low fre-
quency signal path allowing an upstream bandwidth
to pass from the premise-side to the tap-side, and

the high frequency signal path and the low frequency
signal path are separated by a cut-oil transition ire-
quency that 1s different for each of the at least two
signal path sets; and

a switch controller having at least two discrete switch

positions, the switch controller choosing one of the

switch positions as a result of an information signal,
cach of the switch positions corresponding to a respec-
tive one of the at least two signal path sets.

2. The frequency band selection device of claim 1 further
comprising;

a tap-side switch comprising an mput terminal connected

to a supplier side terminal; and

a tap-side filter set including a pair of frequency band

splitting devices selectable by the tap-side switch,

wherein:

the tap-side switch comprises a first position directly
connected to a first frequency band splitting device of
the pair of frequency band splitting devices,

the first frequency band splitting device of the pair of
frequency band splitting devices 1s associated with a
first signal path set of the at least two signal path sets,

the tap-side switch comprises a second position directly
connected to a second frequency band splitting device
of the pair of frequency band splitting devices,

the second frequency band splitting device of the pair of
frequency band splitting devices 1s associated with a
second signal path set of the at least two signal path
sets, and

the tap-side switch 1s actuated by the switch controller.

3. The frequency band selection device of claim 2, wherein
at least one of the first frequency band splitting device of the
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pair of frequency band splitting devices and the second 1ire-
quency band splitting device of the pair of frequency band
splitting devices separates the upstream bandwidth from the
downstream bandwidth.

4. The frequency band selection device of claim 1 further
comprising;

a premise-side switch connected to a premise-side termi-

nal; and

a premise-side filter set including a pair of frequency band

splitting devices selectable by the premise-side switch,

wherein:

the premise-side switch comprises a first position
directly connected to a first frequency band splitting
device of the pair of frequency band splitting devices,

the first frequency band splitting device of the pair of
frequency band splitting devices 1s associated with
the first signal path set,

the premise-side switch comprises a second position
directly connected to a second frequency band split-
ting device of the pair of frequency band splitting
devices,

the second frequency band splitting device of the pair of
frequency band splitting devices 1s associated with
the second signal path set, and

the premise-side switch 1s actuated by the switch con-
troller.

5. The frequency band selection device of claim 4, wherein
one of the first frequency band splitting device of the pair of
frequency band splitting devices and the second frequency
band splitting device of the pair of frequency band splitting
devices separates the upstream bandwidth from the down-
stream bandwidth.

6. The frequency band selection device of claim 1 further
comprising;

a tap-side switch set connected between a first pair of
frequency band splitting devices and a second pair of
frequency band splitting devices; and

a premise-side switch set connected between the first pair

of frequency band splitting devices and the second pair

of frequency band splitting devices,

wherein the tap-side switch set and the premise-side switch

set are actuated by the switch controller.

7. The frequency band selection device of claim 1, wherein
the information signal comprises a continuous tone.

8. The frequency band selection device of claim 1, wherein
the information signal comprises a coded operational signal.

9. The frequency band selection device of claim 1, wherein
the at least two signal path sets comprises three signal path
sets.

10. The frequency band selection device of claim 9,
wherein the switch controller includes three discrete switch
positions corresponding, respectively to the three signal path
sets.

11. The frequency band selection device of claim 1,
wherein each of the at least two signal path sets comprises at
least one conductor providing an electrical transmission line
between the tap-side and the premise-side.

12. A frequency band selection device comprising:

at least two signal path sets between a tap-side and a

premise-side, each of the at least two signal path sets

comprising:

a first discrete signal path comprising a high frequency
signal path allowing a downstream bandwidth to pass
from the tap-side to the premise-side,

a second discrete signal path comprising a low fre-
quency signal path allowing an upstream bandwidth
to pass from the premaise-side to the tap-side, and
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the high frequency signal path and the low frequency
signal path are separated by a cut-oif transition ire-
quency that 1s different for each of the at least two
signal path sets;
a switch controller having at least two discrete switch 4
positions, the switch controller choosing one of the
switch positions as a result of an information signal,
cach of the switch positions corresponding to a respec-
tive one of the at least two signal path sets;
a tap-side switch comprising an input terminal connected
to a supplier side terminal;
a premise-side switch connected to a premise-side termi-
nal;
a tap-side filter set including a first pair of frequency band
splitting devices selectable by the tap-side switch; and
a premise-side filter set including a second pair of ire-
quency band splitting devices selectable by the premise-
side switch,
wherein:
cach of the at least two signal path sets comprises at least
one conductor providing an electrical transmission
line between the tap-side and the premise-side,

the tap-side switch and the premise-side switch are actu-
ated by the switch controller,

the tap-side switch comprises a first position directly
connected to a first frequency band splitting device of

the first pair of frequency band splitting devices,

10

15

20

25

18

the first frequency band splitting device of the first pair
of frequency band splitting devices 1s associated with
a first signal path set of the at least two signal path sets,

the tap-side switch comprises a second position directly
connected to a second frequency band splitting device
of the first pair of frequency band splitting devices,

the second frequency band splitting device of the first
pair of frequency band splitting devices 1s associated
with a second signal path set of the at least two signal
path sets,

the premise-side switch comprises a first position
directly connected to a first frequency band splitting
device of the second pair of frequency band splitting,
devices,

the first frequency band splitting device of the second
pair of frequency band splitting devices 1s associated
with the first signal path set,

the premise-side switch comprises a second position
directly connected to a second frequency band split-
ting device of the second pair of frequency band split-
ting devices, and

the second frequency band splitting device of the second
pair of frequency band splitting devices 1s associated
with the second signal path set.
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