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METHOD USED IN A TELECOMMUNICATION NETWORK, TERMINATION
UNIT REALISING THE LATTER AND A TELECOMMUNICATION
NETWORK INCLUDING SUCH A TERMINATION UNIT

The present invention relates to @ method used in a telecommunication
network as described in the common preamble of claim 1 and 2, a termination
unit realising the latter as described in the common preamble of claim 6 and 7
and a telecommunication network including such a termination unit as described
in the preamble of claim 8. -

Such o termination unit is already known in the art, e.g. from the article
'CATV Return Path Characterisation for Reliable Communications’ of
Charles A. Eldering, Nageen Himayat and Floyd M. Gardner, published in the
IEEE communications Magazine of August 1995 from page 62 to page 69. As
described in the abstract of the article, there is a tremendous need for
equipment to support bi-directional communications over a hybrid fiber coax
HFC netwogk shown on figure 1 of page 63. The HFC network is a tree
branch network emanating from a central office and terminating at the
subscriber residences in termination units which are called in the article coaxial
termination units. Additional splitting of the downstream signal takes place in
the residences in order to terminate in the subscriber terminals, e.g. personal
computer, vi*deophone, set-top box and TV.

It has to be remarked that the signal power attenuation of a transmission
line between two points refers in this invention to the global attenuation of the
transmission line taking into account the following parameters :

- the aftenuation of the iransmission line proportional to the distance and
the number of splittings along the line between the two points; and

- the included amplifiers along the transmission line between the two
points in the transmission direction.

A portion of the downstream signal power is provided to each subscriber
terminal. Due to the aftenuation along the network links, i.e. external signal

power aftenuation, and the attenuation of the growing in-house network in the
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residences, i.e. infernal signal power aftenuation, the portion of the power level
of the downstream signal received in each of the subscriber terminals becomes
low compared with the power level of the upstream signal generated by the
subscriber terminal. This difference in power level makes the region_ of the
internal network near the subscriber terminal very sensitive to cross-talk which
influences the downstream signal.

This phenomenon is described in the book “Digital, Analog, and Data
Communication, Second Edition” of William Sinnema with reference number
ISBN 0-8359-1313-9, published in 1986 by Prentice-Hall, Inc., a division of
Simon & Schuster, Englewood Cliffs, NJ 07632, and more pc:;ticulorly on pages
115 to 117 thereof. On page 115 cross-talk is defined as induced signals into
neighbouring pairs by either capacitive or inductive coupling because of the
close proximity of adjacent wire pairs in a cable. As described on page 116
the cross-talk can be reduced by physically separating the downstream and
upstream signals with a screened cable e.g. coaxial cable.

An object of the present invention is to provide a termination unit such as .
the above known ones but which is suited to further reduce the cross-talk in the
region of the internal transmission line at the subscriber terminal.

According fo the invention, this object is achieved by the termination unit
as described in claim 6 and claim 7 which is realising the method described in
claim 1 and claim 2 and which is included in the telecommunication network
described in claim 8.

By including an upstream signal amplifier in the termination unit to
amplify the upsiream signal, as described in claim 1 and claim 6, the required
power level of the upstream signal generated by the subscriber terminal is
allowed to be smaller.

Indeed, the subscriber terminal sends a less powerful upstream signal
which is amplified in the termination unit in order to receive there the required
powerbudget needed for a signal to be transmitted from the residence to the
central station. The upstream gain value of the upstream signal amplifier is in

fact a compensation for the upstream signal power attenuation of the internal
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transmission line coupled between the subscriber terminal and the termination
unit.

In this way, at the region of the internal transmission line at the subscriber
terminal, the difference in power level of the received downstream signal and of
the transmitted upstream signal is smaller which makes this region less sensitive
to cross-talk.

It also has to be remarked that in a totally symmetrical network the
attenuation in upstream and downstream direction is identical, however e.g. the
usable downstream and upstream frequency band for transmission in HFC
networks are not the same which makes that the equipmgnt to support bi-
directional transmission e.g. the position o.f taps along the transmission line are
optimised in one direction but not necessarily in the other direction. The
following arficle, dealing with this problem can be mentioned as technical
background : “Designing the Return System for Full Digital Services”
written by Dean A. Stoneback and Willima F. Beck and published in the
proceedings manual of ,1996 conference on emerging technologies
January 8-10, 1996 San Francisco Hilton an Towers” by the Society of
Cable Telecommunications Engineers, 140 Philips Road, Exton, Pa 19341 -
1318, (610) 363-6888, more particularly from page 269 to 277. This is a
reason why a distinction is made between upsiream signal power attenuation
and downstream signal power attenuation of the scrﬁe transmission line.
However, ir: order no to overload this introduction, the arguments are sometimes
described for only one transmission direction or without specifying the
transmission direction.

By including a signal amplifier in the termination unit o amplify the
downstream signal, as described in claim 2 and claim 7, the power level of the
received downstream signal is bigger at the subscriber terminal, which also
makes the difference in power level of the received downstream signal and of the
transmifted upstream signal smaller and the region becomes less sensitive to

cross-talk.
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The downstream gain value of the downstream signal amplifier is in fact a
compensation for the downstream signal power aftenuation of the internal
transmission line coupled between the termination unit and the subscriber
terminal.

A possible implementation of the present invention is that, as described in
claim 3, the gain of the amplifiers included in the termination unit is a fundtion
of :

- the upstream signal power attenuation of the external transmission line
coupled between the termination unit of the residence and the central station; or

- the downstream signal power aftenuation of the external transmission
line.

An important advantage becomes clear with this feature. Indeed, the
subscriber terminals are designed to be able to transmit an upstream signal to
the central station with a certain power budget within a predetermined power
level range in order to overcome the internal and external signal power
attenuationt along the transmission path from the subscriber terminal to the
central station. The power level of an upstream signal received at the central
station will become too low in the event when the total end-to-end signal power
attenuation exceeds a maximum allowed signal power attenuation, i.e. each time
the signal power aftenuation of the external transmission line plus the signal
power attenuation of the internal transmission line exceeds a maximum allowed
signal power attenuation. This maximum allowed signal power attenuation is the
signal power atftenuation according to the upper limit of the predetermined
power level range as described above.

Each time a new subscriber terminal is installed in the residence, the
internal signal power attenuation should be determined again. Therefor a
maximum expected internal signal power attenuation of an internal transmission
line is defined and may not be exceeded. This makes that in order to respect the
requirement of above only the signal power attenuation of the external
transmission line has to be taken into account. When the residence is located in

the telecommunication network at a place where the external signal power
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attenuation is small, the requirement of above is respected and there will be no
receiving problem in the central station. However, when the residence is located
in the telecommunication network at a place where the external signal power
attenuation is big, the requirement of above can not be respecied anymore.

By introducing the signal amplifier of the invention and by making the
gain of the signal amplifier in the termination unit a function of the signal power
attenuation of the external transmission line the requirement of above can again
be respected.

Indeed, the extra power budget needed to overcome the signal power
attenuation of the end-to-end transmission line is provid’.ed by the signal
amplifier included in the termination unit.

It has to be remarked here that the decision to implement at the residence
a termination unit according to the present invention and to activate the signal
amplifier, depends on the quality of the end-to-end network. Indeed, once the
external signal power attenuation exceeds the difference between the maximum
allowed egternal signal power attenuation and the maximum gain value
introduced by the signal amplifier, the power budget of the signal should be
increased in order to have a power budget within the predetermined power level
range of above. This is realised with the gain of the signal amplifier of the
termination unit of the present invention.

Yet, a further characteristic feature of the present invention is that, as
described ir: claim 4, the upstiream or downstream signal amplifier are controlled
via control signals of a control unit. This feature corresponds to the fact that
controllable gains of the amplifiers are an advantage for picking up changes in
the level of the signal power attenuation of the external transmission line.

tn a further implementation of the present invention, as described in claim
5, the signal power attenuation of the external transmission line is determined at
set times whereby the value is provided to the control unit in order to determine
the control signal of the downstream or upstream ameplifier. In this way a remote

automatic control system can be realised by using the method of the invention.
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An application of the termination unit according to the present invention is
described in claim 8. This claim relates to a telecommunication network which
includes at least one subscriber residence which includes a termination unit
according to the present invention.

The above mentioned and other objects and features of the invention will
become more apparent and the invention itself will be best understood by
referring to the following description of an embodiment taken in conjunction with
the accompanying drawing which represents a general functional block scheme
of an embodiment of a telecommunication network which inclydes a termination
unit according to the present invention.

The working of the telecommunication network regarding the invention
and shown in the figure will be explained by means of a functional description of
the different blocks as shown therein. Based on this description, the practical
implementation of the blocks will be obvious for a person skilled in the art.

The telecommunication network is a tree branch network emanating from
a central station CS and terminating at the subscriber residences R1, R2 and R3.
In this way, the central station CS is coupled to the termination unit TU included
in the subscriber residence R3 via the first port P1.

- Additional splitting of the downstream signal takes place in the residences
R1, R2 and R3. In this way the termination unit TU included in the subscriber
residence R3 is coupled to the subscriber terminals included in the subscriber
residence R3 via the second port P2 e.g. a personal computer PC, a telephone
set TEL, a television set TV and set-top box STB.

It has to be remarked that in order to be able to further process the
received downstream signal some subscriber terminals should include a modem
i.e. the telephone set TEL and the personal computer PC. Since these modems
goes beyond the scope of the invention, they are not shown in the figure.

In order not to overload the figure only the subscriber terminals of the
subscriber residence R3 are shown.

The termination unit TU of residence R3 includes an upstream amplifier
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U-AMP3 and a bridge B which are both coupled between the first port P1 and
the second port P2,

To explain the working of the upstream signal amplifier U-AMP3 in order
to reduce cross-talk the bridge B is open.

In this embodiment, in order to reduce the cross-talk at the region of the
internal transmission line at a subscriber terminal, the personal computer PC is
chosen as this subscriber terminal.

A portion of the downstream signal is provided to each subscriber
residence and further to each subscriber terminal. In this way a portion of the
downstream signal is provided to the subscriber residence Réond further to the
personal computer PC.

Due to the external signal power attenuation of the external network and
the internal signal power attenuation of the internal network i.e. subscriber
residence R3 in-house network, the portion of the power level of the downstream
signal {not shown) received in the personal computer PC becomes low compared
with the ppwer level of the upstream signal US generated by the personal
computer PC.

This difference in power makes the region of the transmission line at the
personal computer PC sensitive to cross-talk. However, by including the
upstream signal amplifier U-AMP3 in the termination unit TU and by amplifying
the upstream signal US with the upstream gain value UG, the required power
level of fh; transmitted upstream signal US at the personal computer PC is
allowed to be smaller. The difference in power level becomes smaller and the
region of the transmission line at the personal computer PC is less sensitive to
cross-talk. The upstream gain value UG is in fact a compensation for the
upstream signal power attenuation of the internal transmission line coupled
between the personal computer PC and the termination unit TU. This will
become more clear in the following paragraphs.

The subscriber terminals of the subscriber residence R3 are designed to
be able to transmit an upstream signal US to the central station CS with a

powerbudget within a predetermined power level range in order fo overcome
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the end-to-end upstream signal power attenuation along the transmission path
from the residence R3 to the central station CS. This end-to-end signal power
attenuation is the sum of the external upstream signal power attenuation UA-Le
with the internal upstream signal power attenuation UA-Li minus the upstream

gain value UG of the upstream signal amplifier :
UA-le + UA-Li - UG

In this embodiment the internal transmission line Li {see the bold line in the
figure) coupled between the set-top box STB and the termination unit TU is
chosen to have a measure for the internal upstream signal power attenuation
UA-Li. However, it has to be remarked that any of the subscriber terminals could
have been chosen to have a measure for the internal upstream signal power
atfenuation.

The power level of the upstream signal which is received ot the central
station CS ill become too low when this end-to-end signal power aftenuation
exceeds a maximum allowed signal power aftenuation. This maximum allowed
signal power atftenuation is the signal power attenuation according to the upper
limit of the predetermined power level range of above. In other words, for each
subscriber terminal, the end-to-end signal power attenuation must be smaller

than the maximum allowed signal power aftenuation :
UA-Le + UA-Li - UG <= UA-Le-MAX + UA-LI-MAX - UG-MAX

As dlready explained above, each time a new subscriber terminal is
installed, the internal upstream signal power attenuation UA-Li should be
determined again. Therefor a maximum expected internal upstream signal

power attenuation is defined as UA-Li-MAX. So, the rule becomes :

UA-Le + UA-Li-MAX - UG <= UA-Le-MAX + UA-LI-MAX - UG-MAX

and
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UA-Le - UG <= UA-Le-MAX - UG-MAX

Now, presume that at installation time of the termination unit TU at residence R3S,
this residence R3 is located in the telecommunication network at a place where
the external signal power attenuation UA-Le is small, the above rule can be
easily respected. The upsiream signal amplifier is not needed UG=0 and the

bridge B remains closed :

UA-Le - 0 <= UA-Le-MAX - UG-MAX

»

However, when this residence R3 is located in the telecommunication
network at a place where the external signal power attenuation UA-Le is big, the

above rule can not be respected anymore :

UA-Le > UA-Le-MAX - UG-MAX

4

The bridge B must be opened and the upstream signal amplifier UA

compensates the difference :
UG = (UA-Le} - [ UA-Le-MAX - UG-MAX)
and the rule is again respected :
UA-Le - UG <= UA-Le-MAX - UG-MAX
In fact, the new external upstream signal power attenuation equals the difference
between the maximum external upstream signal power attenuation UA-Le-MAX

and the maximum upstream gain value UG-MAX :

{ UA-Le ) new = UA-Le-MAX - UG-MAX
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By making the upstream gain value UG a fundtion of the external
upstream signal power attenuation UA-Le, the extra power budget needed to
overcome the upstream signal power aftenuation of the end-to-end transmission
line is provided by the upstream signal amplifier UA.

In this embodiment no remote automatic gain control is installed. But, it
has to be remarked that it is obvious to a person skilled in the art to implement

such a system. The steps to be realised for an qutomatic control system are, e.g.:

q) determining at set fimes the external upstream signal)_power attenuation
UA-Le by sending an upstream test signal with a predetermined power level from
the termination unit TU to the central station CS and by measuring the power of
the received upstream test signal at the central station CS; the difference between
these two powerlevels is a measure for the external upstream signal power

aftenuation UA-Le;

b) using this external upstream signal power attenuation UA-Le to control

the upstream gain UG of the upstream signal amplifier UA.

it has to be remarked that in this embodiment the different subscriber
terminals i.e. the personal computer PC, the telephone set TEL, the television set
TV and the set-top box STB, are all coupled to one poﬁ i.e. the second port P2 of
the termination unit TU incduded in the subscriber residence R3, the present
invention is not restricted to subscriber residences where such a choice is made,
but that the different subscriber terminals also can be coupled via different ports
to the termination unit TU.

It also has to be remarked that although in this embodiment reducing the
cross-talk in the region of the transmission line at the personal computer PC is
chosen, this choice of subscriber terminal has no influence on the scope of the
invention. By including the upstream signal amplifier the cross-talk in the region

of the transmission line at the other subscriber terminals is also reduced and the
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description of this embodiment can easily be adapted to explain the working of
the upstream signal amplifier regarding the other subscriber terminals.

in addition, although in this embodiment the included subscriber
terminals are a personal computer PC, a telephone set TEL, a television.set TV
and set-top box STB the invention is not restricted to these kinds of subscriber
terminals.

Moreover, it should be noted that, although the above described
telecommunication network is a hybrid fiber coax network HFC, the application
of the present invention is not reduced to such networks. Small meodifications,
evident fo a person skilled in the art, may be applied to the above described
embodiment to adapt it to be integrated in other bi-directional distributed
networks where a growing signal power attenuation of a growing in-house
network brings about cross-talk in the region of the transmission line at the
subscriber terminals. For instance ADSL (Asymmetric Digital Subscriber Line)
which reuses the copper twisted pair that is used in telephone networks world-
wide and where the interactive i.e. bi-directional aspect becomes more and more
important.

Finally it has to be remarked that although in this embodiment only the

upstream working of the upstream signal amplifier is explained, the invention is

not restricted to applications of an upstream ‘signal amplifier but the above

described embodiment can be adapted with small modifications, evident to a
person skilled in the art, to explain the use of a downstream amplifier.

While the principles of the invention have been described above in
connection with specific apparatus, it is to be clearly understood that this
descripfion is made only by way of example and not as a limitation on the scope

of the invention,
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1. A method used in a telecommunication network wherein a central
station {CS) is coupled to a plurality of residences {R1, R2, R3), one of said
residences (R3] including a termination unit (TU} coupled to said central station
(CS) via a first port (P1), said residence (R3) including at least one subscriber
terminal (TV, STB, TEL, PC) coupled to said termination unit (TU) via a second
port (P2), characterised in that said method includes amplifying an upstream
signal (US} applied to said second port (P2) with an upstream ggin value (UG) by
means of an upstream signal amplifier (U-AMP3) included in said termination
unit (TU) and to thereby generate an amplified upstream signal (AUS) provided
to said first port (P1) and that said upstream gain value (UG} compensates any
of:

- an upstream signal power attenuation (UA-Li) of the internal
transmission line (Li) coupled between said termination unit (TU) and any of said
subscriber terminals (STB); and

- a downstream signal power attenuation of said internal transmission line
(Li).

2. A method according to the preamble of claim 1, characterised in that
said method includes the step of amplifying a downstream signal applied to said
first port (P{) with a downstream gain value by means of a downstream signal
amplifier included in said termination unit (TU) and to thereby generate an
amplified downstream signal provided to said second port (P2) and that said
downstream gain value compensates any of :

- an upsiream signal power attenuation (UA-Li) of the internal
transmission line (Li) coupled between said termination unit (TU) and any of said
subscriber terminals (STB); and

- a downstream signal power attenuation of said internal transmission line

(Li).
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3. The method according to claim 1 or claim 2, charadterised in that said
method further includes determining said upstream gain value (UG) or said
downstream gain value, respectively, as a function of any of the upstream signal
power attenuation (UA-Le) of an external transmission line (Le) coupled between
said first port (P1} of said termination unit (TU} and said central station (CS) and

the downstream signal power aftenuation of said external transmission line {Le).

4. The method according to claim 1 or claim 2, characterised in that said
method further includes controlling said upstream gain value (UG) or said
downstream gain value, respectively, by means of a first control signal or a
second control signal, respectively, provided from a control unit included in said
termination unit (TU) to said upstream signal amplifier (U-AMP3) or said

downstream amplifier, respectively.

5. The method according to claims 3 and 4, characterised in that said
method further includes :

- determining at set times the value of said upstream signal power
attenuation (UA-Le) of said external transmission line (Le) or the value of said
downstream signal power attenuation of said external transmission line (Le),
respectively;

- providing said value fo said control unit to thereby enable said control
unit to de\‘;rmine said first control signal or said second conirol signal,

respectively, based thereon.

6. Termination unit {TU) for inclusion in a telecommunication network
wherein a central station (CS) is coupled to a plurality of residences {R1, R2, R3),
one of said residences (R3) including said termination unit {TU) coupled to said
central station (CS) via a first port (P1) of said termination unit (TU), said
residence (R3) including at least one subscriber terminal (TV, STB, TEL, PC)
coupled to said termination unit (TU) via a second port (P2), characterised in

that said termination unit (TU) includes an upstream signal amplifier (U-AMP3) to
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amplify an upstream signal (US) applied to said second port (P2) with an
upstream gain value {UG) and to thereby generate an amplified upstream signal
{AUS) provided to said first port (P1) and that said downstream gain value (DG)
compensates ony of : )

- the upstream signal power attenuation (UA-Li} of the internal
transmission line (Li} coupled between said termination unit (TU) and any of said
subscriber terminals (STB); and

- the downstream signal power attenuation of said internal transmission

line (Li).

7. Termination unit {TU) according to the preamble of claim 6,

characterised in that said termination unit (TU) includes a downstream signal

amplifier to amplify a downstream signal applied to said first port (P1) with a
downstream gain value and to thereby generate an amplified downstream signal
provided to said second port {P2) and that said downstream gain value
compensatés any of :

- the upstream signal power attenuation (UA-Li) of the internal
transmission line (Li) coupled between said termination unit (TU) and any of said
subscriber terminals (STB); and

- the downstream signal power attenuation of said internal transmission

line (Li). .

8. A telecommunication network characterised in that said

telecommunication network includes ot least one termination unit (TU) as

described in claim 6 or 7.



