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(57) Bandwidth 1s increased and noise may be reduced 1n
a shared hybnd fiber-coax transmission system (10) by
digitally modulating upstream information onto a high
frequency band (e.g., 750-1000 MHz) and thereafter
digitally regenerating both the high frequency upstream
information as well as a portion of the downstream

information not used for broadcast wvideo
(1.€., the 500-750 MHz band).
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SHARFD HYBRID-FIBER COAX TRANSMISSION SYSTEM HAVING INCREASED
BANDWIDTH IN THE - UPSTREAM AND DOWNSTREAM DIRECTIONS

ABSTRACT OF THE DISCLOSURE

Bandwidth is increased and noise may be reduced in a shared hybrid fiber-coax
transmission system (10) by digitally modulating upstream information onto a
high frequency band (e.g., 750-1000 MHz) and thereafter digitally regenerating
both the high frequency upstream information as well as a portion of the

downstream information not used for broadcast video (i.e., the 500-750 MHz
band).
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SHARED HYBRID-FIBER COAX TRANSMISSION SYSTEM HAVING
INCREASED BANDWIDTH IN THE UPSTREAM AND DOWNSTREAM
DIRECTIONS '

Technical Field

This invention relates to a technique for providing reliable digital transmission, as

~well as increased bandwidth in both the upstream and downstream directions in a shared

hybrid-fiber coax transmission system, as well as in an all-coax transmission system.

Background Art

Most existing Cable Television (CATV) systems provide one-way transmission of
information (e.g., video signals) from a CATV Head-End to individual subscribers viaa

network of coaxial cables or a combination of optical fibers and coaxial cables. When

these systems are upgraded for two-way transmission, a low frequency band, typically 5-

40 MHz, is assigned to upstream signals generated by individual subscribers. In contrast,

downs’tream signals generated by the head end and destined for individual subscribers are
assigned a higher fréquency band (e.g., 50-750 MHz). Noise measurements in present
day cable systems have shown that noise and interference ("noise") are very high in the 5-
40 MHz band. There are numerous sources of noise in this frequency band. For
example, amateur, citizens band, and mobile radio systems all operate in the 5-40 MHz

band and constitute a source of noise. Home appliances also generate noise in the 5-40

‘MHz band. Although less of a probleni, noise can affect downstream signals at very high

frequencies as well.
Present day share cable systems aggregate (sum) the upstream signals from
individual subscribers for transmission to the head. Such systems also aggregate noise

from households passed (HHPS_). To assure reliable transmission, the aggregated amount

‘o‘f upstream ("ingress") noise must be reduced. One possible solution is to run fiber

closer to the subscriber to reduce the number of total number HHPS per fiber node,
thereby reducing the level of aggregated noise. This solution is very costly due to
deployment of new fiber nodes and fiber installations. Another solution is to deploy‘ |
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digital repeaters within the coaxial cable distribution network for upstream signals as shown
in U.S. Patent No. 5,765,097, issued June 9, 1998. While this solution resolves the upstream
noise (ingress noise) and interference problem, it does not provide enough bandwidth for high
market penetration of broadband services. Nor does it solve the downstream (egress) noise
problem or the bandwidth problem if amplifiers are not upgraded.

Another proposed solution is to employ so-called Mini-Fiber-Nodes (mFNs) wherein
additional fibers run from the head-end to trunk and line extender amplifier locations in the
coaxial cable plant. The mFNs are co-located with the trunk and line extender amplifier
locations and employ a relatively inexpensive laser to transmit signals back to the head end.
This solution also overcomes the problem of ingress noise by operating in a higher frequency
band (750-1000 MHz) as well as the small number of HHPS per mini-fiber node. Further,
this solution provides a sufficient amount of bandwidth for the upstream and downstream

information. However, the cost of running such fibers is significant.

Brief Summary of the Invention

Briefly, in accordance with a preferred embodiment of the invention, a method 1s
provided for reliable transmission (reduced noise), as well as increased bandwidth in both the
upstream and downstream directions in a CATV system. Pursuant to the invention,
information originating at the subscriber premises is digitally modulated via a carrier to a
high frequency band (typically 750-1000 MHz) that is allocated to for upstream information
transmission. The modulated signal is then digitally regenerated by at least one repeater. By
the same token, high frequency downstream signals, typically those lying in a frequency band
of 500-750 MHz, are also digitally regenerated, allowing this signal band to be used for
downstream of signals that would otherwise be degraded by noise. Each repeater, by its
nature, will generate an essentially noise-free output signal for transmission if the
signal-to-noise ratio of the signals input to the repeaters is adequate which 1s usually the case.
From a noise perspective, deploying repeaters in this manner accomplishes the same effect
for upstream as reducing the number of HHPS served by each fiber node, without actually
reducing the number of HHPS that are served. Moreover, since the upstream and downstream

repeaters operate in a high frequency band, there is sufficient bandwidth for emerging
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broadband services and high market penetration. This approach of digitally regenerating the
upstream and downstream information and modulating the upstream information via a carrier
to a high frequency band is applicable to all-coax cable systems as well as hybrid fiber-coax
systems.

In accordance with one aspect of the present invention there is provided for use with a
shared hybrid-fiber coax transmission system that transmits downstream information within a
first frequency band from a head end to individual subscribers on a main coax and which
fransmits upstream information generated by individual subscribers to a head end on the main
coax, a method for increasing the bandwidth and reducing noise, comprising the steps of:
aggregating the upstream information onto the main coax digitally modulating at least a
portion of the upstream information into a second frequency band above the downstream
information; digitally regenerating the upstream information; and digitally regenerating a
portion of the downstream information lying in a frequency band immediately below the
second frequency band.

In accordance with another aspect of the present invention there is provided for use
with a shared hybrid-fiber coax transmission system that transmits across a main coaxial
cable downstream information within a first frequency band to individual subscribers and that
transmits upstream information generated by individual subscribers, a method for increasing
the bandwidth and reducing noise, comprising the steps of: aggregating the upstream
information onto the main coax; digitally modulating at least a first portion of the upstream
information via a carrier to a second frequency band above the first frequency band prior to
transmission on the main coaxial cable; separating the first portion of the upstream
information from other information on the main coaxial cable; digitally regenerating the
upstream information; re-injecting the upstream information onto the main coaxial cable;
separating a first portion of the downstream information of the main coaxial cable; digitally

regenerating the first portion of the downstream information; and re-1njecting the downstream

information onto the main coaxial cable.




10

15

CA 02205197 2000-04-06

3a

Brief Description of the Drawings

FIGURE 1 is a block diagram of a present day shared hybnd fiber-coax transmission
system in accordance with the prior art;

FIGURE 2 is a block diagram of a shared hybrid fiber-coax transmission system in
accordance with the invention;

FIGURE 3 is a block diagram of a first embodiment of a line extender incorporating
upstream and downstream digital repeaters in accordance with the present invention for use
with the shared hybrid fiber-coax system of FIG. 2; and

FIGURE 4 is a block diagram of a trunk amplifier incorporating upstream and
downstream digital repeaters in accordance with the present invention for use with the shared

hybrid fiber-coax system of FI1G. 2.

Detailed Description

FIGURE 1 depicts a hybrid-fiber-coax transmission system 10 in accordance with the
prior art. The system 10 includes a head end 12 for generating information, e.g., video, audio,
multimedia, data and/or text ("downstream signals"); for transmission to individual
subscribers 14-14. The head end 12 also receives information, ("upstream signals "), e.g.,

video, audio, multimedia, data and/or text; generated by one or more of the subscribers 14-14.
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[n practice, a combination of optical fibers and coaxial cables carry downstream

_ 'eigna.ls' from the head end 12 to the subscribers 14-14 and carry the upstream signals from
the subscribers to the head' end. AsseeninFIG. 1, an optical fiber liuk 16, comprised of
an upstream and down stream fibers (not shown), carries both the upstream and

downstream signals ] in an optical format between the head end 12 and a fiber node 18.

The fiber node 18 converts the opttcally-formatted downstream signals received from the
head end 12 into electrical signals for distribution via a coaxial cable distribution network
20 to the individual subscribers 14-14. Further, the fiber node 18 converts subscriber-
generated upstream signals, received via the coaxial cable distribution network 20, into an
optically-formatted signal for transmission to the head end 12.

The cable distribution network 20 has a tree and branch architecture and includes
at least one, and typically four coaxial trunk cables 22-22. Each of the trunk cables 22-22
typically has a plurality of branching trunk amplifiers 24-24 cascaded along its length for
amplifying the upstream and downstream information. (Iu practice, each branching trunk
amplifiers compnses individual amplifying elements and diplexers (not shown) that
separately amphfy the upstream and downstream signals.)

Each trunk ampltﬁer 24 feeds one or more distribution cables 26-26 Each
distribution cable 26 typxcally has one or more line extenders 28-28 cascaded along its
length for amplifying the upstream and downstream signals carried by each distribution
. cable The distribution cables 26-26 each contain a plurality of taps 30-30 via which a
connecuon may be made to each distribution cable Each tap 30 is connected via a
coaxial drop cable 32 to a network interface unit (NIU) 34 through which an individual
subscnber 14 receives downstream signals and through which the subscriber transmits
upstream signals.

Presently, each NIU 34 formats all of the signals generated by a corresponding
subscriber 14 via a carrier onto a low frequency band, typically 5-40 MHz. The low
frequency band presently used to carry subscriber-generated upstream si gnals is relatively

narrow and is subject to 51gmﬁcant noise from a vanety of sources .
FIGURE 2 shows a shared hybrid fiber-coax system 100 in accordance with the

invention having reduced ingress and egress noise and tncreased bandwidth. The system
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100 of FIG. 2 18 similar in many respects to the network of FIG. 1 and like numbers have
" been used for like elements. However, the netw()rk 100 of FIG. 2 does differ from the
- network of FIG | inse\'reral respects. In particular, the network 100 of FIG. 2 includes an
NIU 34' in place of the NIU 34 of FIG. 1. Referning to FIG. 2. the NIU 34' operates to

/N

interface a corresponding subscriber 14 to an associated tap 30 in much the same way as

does the NIU 34 of FIG. 1. However, unlike the NIU 34 of FIG. 1 that operates to

“modulate all of the upstream signals generated by the corresponding subscriber 14 onto
the low frequency band of 5-40 MHz, the NIU 34' of FIG. 3 modulates at least a portion

of the upstream subscriber-generated signals via a carrier onto a high frequency band
10 (e g., 750-1000 MHz), above the band on which the downstream signals are carried.

There are several advantages to modulating at least a portion of the upstream
signals via a carrier onto such a high frequency band. First, the high frequency band of
750-1000 MHz lying above the downstream band of 50-750 MHz is typically much less
susceptible to noise than the low frequency band of 5 -40 MHz that has traditionally been

15 employed to carry the upstIeam signals. Further, the frequency band of 750-1000 MHz
has a much greater bandwidth than the low frequency band of 5-40 MHz.

Additionally, the network 100 of FIG. 2 differs from the network 10 of FIG. 1 by
the presence of trunk amphﬁers 25-25, each with a regenerator element 35' having
separateupstream and downstream regenerators 36a and 36b, and an amplifying element

20 37, inplaceof the trunk amplifiers 24-24. Further, the network 100 of FIG. 1 also
includes line extenders 29-29 each with a regenerator element 335, having separate
upstream and downstream regenerators 36a and 36b, and an amphfymg element 37, in
place of the line extenders 28-28 of FIG. 1. Note that the amphﬁers 24 and 28 of FIG. 1
may be rc-used as the amphfymg elements 37" and 37, respectively.

25 - FIG 3 depicts a lme extender 29 that may be substituted for one of the line

~ extenders 28-28 of FIG. 1. As seen in FIG. 3, the regenerator element 35 within the line
extender 29 compnses a first pair of upstream and downstream diplexers 38, and 335,
respectively. The first diplexers 38, and 38, are connected to upstream and downstream

distribution cable segments 26y and 262, respectively, represen'ung upstream and
30 downstream pomons respectively, of one of the distribution cables 26-26.
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The downstream diplexer 38, separates those signals within a frequency band of
500-1000 MHz from the signals lymg ina frequency band of 5-500 MHz. The frequency
band of 500-1000 MHz includes the hrgh ﬁ'equency subscnber-ongmated upstream
signals lymg in the 750-1000 MHz band, as well as the downstream information lying in
the frequency band of 500-750 MHz. Inpractice, most CATV systems carry broadcast

video signals information for downstream distribution in a frequency band of 50-500

‘MHz. Thus, the 500-750 MHz portion of the downstream band can be employed for

downstream transmission of non-broadcast signals, such as those related to telephony
applications. |
The signals in the frequency band of 500-1000 MHz separated by the first

downstream diplexer 38, pass to a second downstream diplexer 39; that separates signals
in the 750-1000 MHz band (representing the subscriber-originated upstream signals) from
those in the 500-750 MHz band (representing the higher frequency portion of the
downstream signals).

~ The high frequency upstream signals in the 750-1000 MHz band separated by the
diplexer 39, pass to the 'upstream digital repeater 36a which is eonﬁgured the same as the
digital repeater described in the aforementtoned co-pendmg application Seral No.
08/650,683 (incorporated by reference herein). The upstream dtgrtal repeater 36a
digitizes and regenerates the high frequency upstream 51gnals to yield substantially noise-
free signals so 'long a3 the signal-to-noise ratio of the incoming subscriber-generated high

frequency upstream signals is adequate which is typtcally the case. The regenerated

~ upstream signals produced by the d1g1ta1 repeater 36a passtoa second upstream drplexer |

39; which, like t.he second downstream diplexer 39,, separates srgnals in the 750—1000
MHz frequency band from those i in the 500-750 MHz band. The second upstream
diplexer 39, passes the high frequency subscriber- generated signals in the 750-1000 MHz
band to the first upstream diplexer 38;, which, like the first downstream dlplexer
separates those srgnals in the 500-1000 MHz band from those lying in a frequency band
of 5-500 MHz . The high frequency subscnber-generated signals lymg in the 750-1000

~ MHz band received by the upstream diplexer 38, are injected onto the upstream branch '
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distn'bution cable segment 26, for ultimate transmission to the head end 12 of FIG. 2 via
the fiber node 18 of FIG. 2. |

[ncommg downstream signals in the frequency band of 500-750 MHz that are
ceceived and separated by the first upstream diplexer 38, pass on a cable segment 26, to
the second upstream diplexer 39;. The second upstream diplexer 39, separates the
downstream signals in the 500-750 MHz band and passes such downstream signals in this
band to a downstream repeater 36y, similar to the upstream repeater 36;. The downstream
repeater 36b.digitizes and regenerates the downstream information to yield a substantially
noise-free signal so long as the signal-to-noise ratio of the downstream signals is adequate
which is typically the case. The now-regenerated downstream signals pass to the second
downstream diplexer 38, for injection onte the downstream cable segment 26,.

The lower frequency signals (i.e.; those in the 5-500 MHz frequency band)
separated by the first upstream diplexer 38, pass via a first coaxial cable 41, to a first
upstream diplexer 44, in the amplifier assembly 37. The upstreamdiplexer separates
signals in the 50-500 MHz band (representing the downstream 51gnals that typically carry
broadcast video) from signals in the 5-50 MHz band. The sxgnals in the 5-50 MHz
represent low frequency subscnber-generated information that 1S relanvely noise-
insensitive, and thus may be suitable for use without regeneratlon. The downstream
signals in the 50-500 MHz band separated by the diplexer 44, are amplified by an
amphﬁer 45 and thereafter pass to a downstream diplexer 44,. Ltke the upstream
diplexer 44,, the downstream dlplexer 44, in the amphﬁer element 37 separates signals in
the 50-500 MHz band (e.g. the downstream broadcast video mformatlon) from the signals
in the 5-50 MHz band (the low frequency subscnber generated mformatxon) The
downstream signals in the 50-500 MHz band that are separated by the downstream
diplexer 44, pass viaa second coaxial cable 412 to the first downstream multlplexer 38,
in the regenerator element 35 for injection onto the downstream cable 26.

Low frequency upstream signals (i.e., those lying in the -5-50 MHz. band) that are
received by the downstream diplexer 38, pass via the coaxial cable 41 to the downstream
diplexer 44, and then to the amplifier 49. The low frequency upstream signals are

amplified by an amplifier 49 and pass to the upstream diplexer 44, for subsequent
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passage via the cable 41, to the upstream diplexer 38,. The low frequency upstream
mgnals lying in the 5-50 MHz band received by the upstream diplexer 38, are injected

onto the upstream cable segment 26, for transmission to the head end 12 of FIG. 1
The regenerator assembly 35 and amplifier assembly 37, 1n combmatxon, serve to
"quadraplex," that is, to separate into four constituent elements: (a) the hjgh frequency

subscriber-generated upstream signals lying in the 750-1000 MHz band; (b) the

downstream information lying in the 500-750 MHz band; (¢) the downstream information

lymg in the 50-500 MHz band; and (d) the low-frequency subscriber-generated upstream
mformatlon lying in the 5-50 MHz band. To obtain increased bandwidth with reduced
noise, the high frequency upstream signals lying in the 750 to 1000 MHz band, as well as
the dowhstream signals lying in the 500-750 MHz band, are digitally regenerated via the
repeaters 36a and 36b, respectively, within the regenerator assembly 35. In this way, the
line extender 29 of the invention, comprised of the regenerator assembly 35 assembly and
the amplifier assembly 37, provides increased upstream and downstream bandwidth with
significant noise reduction. (Note that the prior art line extender 28 of FIG. 1 can be
utlhzed to create the amphﬁer assembly 37, allowmg for re-use of the line extender.)

Moreover, the amplifier 29 can be readily substituted for the line extenders 28-28
relatively easily without the need for additional fiber.

Referring to FIG. 4, there is shown a block diagram of the trunk amplifier 25 of

“the invention for substitution in place of the trunk amplifier 24. The trunk amplifier 25 of

FIG. 4 cornpnses a regenerator assembly 35' and an amplifier assembly 37' having
elements in common with the regenerator 35 assembly and amphﬁer assembly 37,
respectwely, of the line extender 29 of FIG. 3. Therefore, like numbers have been used to
reference hke elements. (Note that the trunk amplifier 24 of FIG. 1 can be re-used as the
amplifier assembly 37".) However, the trunk amplifier 25 of FIG. 4 differs in several

respects from the line extender 29 of FIG. 3 because the trunk ampli‘ﬁer 25 typically

terminates multiple downstream cables.

As seen in FIG. 4, the regenerator assembly 35' within the trunk amplifier 23
cofnprises a first plurality of branch downsu'eam branch diplexers 38,-38; and a first
downstream trunk diplexer 38;. Eaeh of the branch diplexers 38,-38; separates the
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signals on a separate one of the distribution cables 26-26 that are within the 500-1000

MHz band from the signals lying in a frequency band of 5 0-500 MHz. The lower
frequency signals typically include the downstream information modulated onto the 50-
500 MHz band as well as any subscriber-generated upstream information that is

modulated onto the low frequency band of 5-50 MHz.
The signals lying in the 500-1000 MHz band separated by the first trunk dipiexer

38; pass to a second trunk diplexer 39; that séparates high frequency subscriber-generated

signals in the 750-1000 MHz band from downstream signals in the 500-750 MHz band.
By the same token, the high frequency subscriber-generated signals in 750-1000 MHz
band separated by each of the branch diplexers 38,-38; 'passes to a separate one of a
second plurality of branch diplexers 39,-39; that separates upstream signals in the 750-
1000 MHz band from downstream signals in the 500-750 MHz band. A combiner 56

~ combines the upstream signals in the 750-1000 MHz band separated by the branch

diplexers 39;-39, with the upstream signal in the 750-1000 MHz band separated by the
trunk diplexer 39;.

~ The digital repeater 36a digitizes and regenerates the combined upstream signals
in the 750-1000 MHz band received by the combiner 56. In this way, the repeater 36a
will deliver substantially noise-free signals to upstream diplexer 391 which separates such
signals in the 750-1000 MHz band from downstream signals in the 500-750 MHz band.
The upstréam signals in the 750-1000 MHz band separated by the upstfeam diplexer 39,
pass to the upstream diplexer 38, for injection onto the upstream branch coax trunk 22;.

As discussed, the upstream diplexer'38; separates signals in the 500-1000 MHz

band from those in the 5-500 MHz band. The downstream signals in the .500-7 50 MHz.
band that are réceived by the diplexer 39, from the diplexer 38, are further‘ separated.
The downstream signals in the 500-750 MHz separated by thé diplexer 39, are digitized
and regenerated by the downstream repeater 36b. A splitter 58 equally splits the

~ downstream signals regenerated by the repeater 36b for distribution to each of the branch

diplexers 39,-39; and to the trunk diplexer 39;. In turn, the branch diplexers 394-39; pass
such signals to the branch diplexers 38,-38; for injection onto the branch coax cables 26-

26. In a similar manner, the trunk diplexer 39; passes the now-regenerated downstream
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signals lying in the 500-750 MHz band to the trunk diplexer 38; for injection onto the

 downstream trunk coax segment 22,.

~The signals in the 5-500 MHz band separated by the upstream diplexer 38, pass
via a cable 41, to the upstream diplexer '441 within the amplifier assembly 37". The
upstream diplexer 44, separates downstream signals in the 50-500 MHz band from
upstream signals in the 5-50 MHz band. The downstream signals pass to an amplifier 45

“for amplification prior to being split by a splitter 52 for distribution to each of a plurality

downstream branch diplexers 44«;, 44, and a downstream trunk diplexer 44;.

Each of the branch diplexers 44,-44, is coupled via a separate one of cables 41,-
412 to a separate one of the downstream branch diplexers 382;-3 8,, respectively, within the
regenerator assembly 35'. In this way, the downstream signals split by the splitter 52
passes from the diplexers 44,-44 for input to a corresponding one of the downstream
diplexers 38,-38; and ultimate injection onto a separate one of the downstream braneh
distribution cables 26-26. '

The coaxial cables 41,-42; also carry low frequency (5 40 MHz) upstream
information, separated by each of the downstream diplexers 38,-38;, to the downstream
diplexers 44,-44,, respectively, which separate such signals and pass them to a combiner
54 that combines the signals for passége to an amplifier 49 whose output is coupled to the
upstream dlplexer 441 The upstream dxplexer 44, injects the low frequency signals
upstream signals received from the amplifier 49 onto an upstream trunk cable segment
22,. . _

‘ The doWnstream trunk diplexer 445 receives a portion of the downstream signa.lS
in the frequency band 50-500 MHz split by the splitter 52 and passes such signals via a
coaxial cable 413 to the downstream trunk dlplexer 383 wnhm the regenerator assembly
35'. The downstream trunk diplexer 38 injects the downstream signals received via the
cable 414 onto a downstream trunk cable segment 22;. The downstream dlplexer 383
within the regenerator assembly 35' also serves to separate upstream signals in the low
frequency band of 5- 50 MHz on the downstream trunk coax segment 22; and passes such
signals via the cable 413 to the downstream trunk diplexer 44; within the amplifier
assembly 37'. The downstream trunk diplexer 44; in the ampliﬁer assembly 37' passes
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the low frequency upstream signals in the 5-50 MHz band to the combiner 54 where such

signals are combined with the low signals separated by the downstream branch diplexers

44,-44,. As discussed, the combined signals are amplified by the amplifier 49 and are

ultimately injected into the upstream branch coax segment 22;.

n

As may be appreciated, the trunk amplifier 25 ot FIG. 4 operates to digitally
regenerate both the upstream information modulated onto a high frequency band (750-
1000 MHz) and the downstream information within the frequency band of 500-750 MHz.

The foregoing discloses a technique for achieving reliable digital transmission,
reduced noise and increased upstream and downstream bandwidth in a shared hybrid-

10 fiber coax transmission system. This advantages are accomplished by modulating at least
a portion of the subscribei' generated information into a high frequency band and then
digitally regenerating such information to redﬁce the presence of ingress noise as well as
digiially regenerating a portion of the downstream signals not used to provide broadcast
video signals. _ '

15 It is to be understood that the above-described embodiments are merely illustrative

of the principles of the in?ention. Various modifications and changes may be made

thereto by those skilled in the art which will embody the principles of the invention and
fall within the spirit and scope thereof.
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CLAIMS:

. For use with a shared hybrid-fiber coax transmission system that transmuits
downstream information within a first frequency band from a head end to individual
subscribers on a main coax and which transmits upstream information generated by
individual subscribers to a head end on the main coax, a method for increasing the bandwidth
and reducing noise, comprising the steps of:

aggregating the upstream information onto the main coax digitally modulating at least
a portion of the upstream information into a second frequency band above the downstream
information;

digitally regenerating the upstream information; and

digitally regenerating a portion of the downstream information lying in a frequency

band immediately below the second frequency band.

2. The method according to claim 1 wherein the downstream information that is digitally

regenerated lies in a frequency band ot 500-750 MHz.

3. For use with a shared hybrid-fiber coax transmission system that transmits across a
main coaxial cable downstream information within a first frequency band to individual
subscribers and that transmits upstream information generated by individual subscribers, a
method for increasing the bandwidth and reducing noise, comprising the steps of:

aggregating the upstream information onto the main coax;

digitally modulating at least a first portion of the upstream information via a carrier to
a second frequency band above the first frequency band prior to transmission on the main
coaxial cable;

separating the first portion of the upstream information from other information on the
main coaxial cable;

digitally regenerating the upstream information;

re-injecting the upstream information onto the main coaxial cable;

separating a first portion of the downstream information of the main coaxial cable;

vty AU A Ao S p——— mw_-_W“..._.-_... Rae e e asas U s s
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digitally regenerating the first portion of the downstream information; and

re-injecting the downstream information onto the main coaxial cable.

4. The method according to claim 3 wherein said first portion of the upstream
information is modulated into a frequency band of 750-1000 MHz and wherein the first
portion of the downstream information lies in the frequency band of 500-750 MHz.

S. The method according to claim 3 wherein the upstream and downstream 1information

is regenerated within at least one location within the hybrid fiber-coax system.

6. The method according to claim 3 wherein the upstream and downstream information

is regenerated at multiple locations within the hybrid fiber-coax system.
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