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litude complies with a predetermined limit for the line.
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DELIVERY OF ELECTRICAL POWER

This invention relates to telecommunications systems, and in particular to the

supply of electrical power to equipment in a telecommunications network.

In the public switched telephone network (PSTN) it is knowh to provide power
from the exchange, or from an intermediate point such as a street side
cabinet, to a remote point such as customer premises equipment or~andther
intermediate point such as a drop-point, using the telephone wires themselves
— the traditional twisted wire pair, typically made of copper wire. In the early
development of_ telephone systems,. when mains electricity was still
comparatively rare, this allowed provision of service to premises which had no
reliable power supply, or a supply which was unreliable, and it is still a useful -
feature of the PSTN system that communication is possible during a local
power failure — in particular so that a call can be made to the electricity

suppliers to alert them to the power failure.

There is an increasing demand for electronic communications equipment
(e.g. wireless access points, CCTV cameras, machine-to-machine sensors,
signage, and monitoring services such as for fire or burglar alarms). It is often
necessary to install such equipments in locations where there is no existing
power supply. The provision of mains electrical power in new locations can be
costly, and there is therefore increasing interest in the capability to'provi,de the
electrical power the equipment requires over the same physical connection as
that by which the electronic communications equipment transmits and
receives data. This énables such services to be provided at locations which
have no power supply (mains, generator, or battery). Provision may also be
made to use the telecommunications connection to deliver a backup electricity

supply for use in the event of failure of the usual power supply.

However, there are constraints regarding the amount of power that can be'
provided in this way over a wire pair, primarily due to the limitations of the

electrical path that a twisted wire pair provides. In particular, the power supply
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must not interfere with the primary function of the path, to support
communications. Moreover, there is a risk of the ‘conductors overheating, or of
insulation breakdown, if an attempt is made to carry large continﬁou‘s currents
for which they were not designed. The maximum power for which such
connections were originally intended is sufficient to ring a telephone bell, but
this is only required for a short period. It is not generally possible to use the
power available over a standard telephone connection tb supply more
complex telecommunications equipment such as facsimile . machines,

answering machines, and computers.

The inventors have recognised that, for most of the time, any given wire in the
network is carrying much less power than its maximum load, and that this

spare capacity can be used to deliver power to deviées in the network. .-

One way to increase the amount of available power is to use multiple pairs so
that each pair carries current and voltage within safety'limits, but the power
can be aggregated at the remote device. The present invention, and the
inventions which are the subject of the present applicant's related patent
applications filed on the same date as the present application claiming priority
from European patent applications 12250064.8 and 12250067.1, and entitled
“‘Control of Line Power' and “Power,Distribution for Telecommunications
System”, all relate to managing the use Qf multiple Wike lines to provide power
to remote equipment. By arranging for the power required by an individual
node to be dlstnbuted over several wire pairs, the limitations on any mdsvsdual
connection can be overcome.

However, the demand for connectivity makes it impracticable to identify
sufficient spare (unused) wire pairs which can be dedicated simply for line
powering. It is therefore desirable to use aétive pairs for line powering. On a

telephone network, typically an active pair carries a dc component (-48v),

L “POTS” (staridard analogue teiephony), and digital signalling using one of the
DSL ' (digital subscriber line) systems such as HOSL, ADSL, VDSL,

(respectively “high rate”, “asymmetric”, and "very high speed” DSL). To use an

~_active pair to carry an injected power supply, the POTS is encapsulated intoa

G.711 64kbps bitstream, and an increased DC bias voltage is added onto the
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pair, to provide the injected power éupply. Essentially POTS and xDSL data
signals are carried as modulations on the DC power supply. At the line
termination, the xDSL, ;G.711 and DC aré séparated with a filter. A DC-DC
power converter generates -48V, and the G.711 is converted back to POTS. A
combiner takes the 48V, xDSL and POTS to recreate a standard telephony
signal. This enables underutilised wiring to be used efficiently, and also
enables the power supplied to each wire pair to remain within safe fimits.
!

A power line injector has been developed which is capable of adapting its
power output over a each of a plurality of wire pairs to provide a required
current (~60 mimAmps per pair) to a remote equipment. Examples of
remotely powered equipment currently contemplated include a specially
adapted wireless access point or other type of end terminal, such as a Power-
over-Ethernet adaptor. This allows provision of services such as wireless
communications; and the provision of €&lectrical ‘power for distribution ové‘r
Ethernet communications cable networks even at locations where no other

~ form of power is available. The power injector dynamically determines the

amount of electrical power to inject into each individual wire pair so as to
ensure that the maximum power that can be delivered safely is provided. In
addition, providing power in this way enables power monitoring and related

services to be provided by the telecommunications service provider.

-To maximise the delivered power on each pair, the voltage and current on
each wire pair should be as close as practicable to the maximdm for which ihe
wire pair is ratedA. However, when an alternating Current signal, for example a
DSL (digital subscriber loop) Signal is also present on a wire pair, this will add
a modulation onto the dc power supply, and the peak voltage may exceed the
specified limit. For example, if there is a 200V limit, and the DSL signal has a
peak voltage of 30V, then the maximum safe voltage should be limited to
170V. In pracﬁée a small tolerance would be allowed for manufacturing

variance, temperature fluctuations, etc.

In some circumstances (for example in active street cabinets) where DSL is

injected onto the netwark, the voltage of the alternating current signal has to
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be reduced in order to reduce cross-talk -between two wire pairs. This is a
particular problem where a street cabinet is handling wire pairs originating at '
nodes at different distances. For example, if a cable carries both ADSL from a
telephone exchange and VDSL from an active cabinet some distance from the
exchange, then if the VDSL were introduced at the same peak voltage as the
ADSL, interference from the VDSL pair into the ADSL pair would be more
significant than the anticipated interference from an ADSL pair into another
ADSL pair. Typically cabinets are assigned a “CAL" value which reduces the
voltage of the xDSL signal.

In other circumstances, some pairs may carry no xDSL, and be used solely for

line powering.

To remain within allowable limits, the maximum dc voltage that can be carried

on a given wi_fe pair therefore depends on the magnitude of any ac signal-it-- -

may be éxpected to carry. it would be possible to control power injection such
that all wire pairs carry the same dc vbltage,'but this would be unduly
restrictive because it would have to be set for the “worst case” (highest ac
voltage) situation and would be significantly lower than that which the majority

of lines could actually carry.

One way to allow the maximum paossible voltage would be to individually set
the line voltage on each pair. However, if the injector is controlled manually
there would be significant risk of a misconfiguration, resulting in excessive
voltages being present on the line or, less problematically, power being
restricted unnecessarily. It would also require continuous monitoring to ensure

timely responses to any changes in line usage.

The present invention provfdes a power injection system for deliveringj
electrical power to one or more communications connections in a network,
comprising a power control system for controlling the power to be delivered to
the or each connection by the power injection. system, the control syétem :
having a monitor for measuring the amplitude of signals present on the line,
and an injector arranged to be controlled by the monitor such that it delivers a
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line voitage, such that the combined fine voltage and signal amplitude
- complies with a predetermined limit for the line.

A further aspect pravides a method for delivering electrical power to one or
5 more commdnications connections in a network, wherein a power control

system controls the power to be ‘deli'vered to the or each connection, the

céntrol system being controfled in response to a sensor which measures the

amplitude of signals present on the line and controls the injector such that-it

delivers a line voltage such that the combined line voltage and signal
10 - amplitude complies with a predétermined fimit for the line,

The monitoring and power injection control system need not be co-located
with the pawer ihjection point, and may control the delivery of power to
connections at a plurality of locations in the network.

15 |
An embodiment of the invention will be described by way of example and with

reference to the drawings, in which:

Figure 1 is a simplified schematic representation of a communications
20 network suitable for operation of a power injection system controlled

according to the invention;

Figure 2 is a simplified schematic representation of the elements of a
network element having a power recovery system;
25 | | |
Figure 3 depicts the functional elements of a network element having a

power injection control system accarding to the invention.

Figures 4 and 5 illustrate how the maximum power that can be
30 deflivered is dependent on the amplimde of the signalling carried on the fine.

_ Figure. 1 depicts a communications network (410)
connecting a number of customer terminals (11,21,31) to a network
connection point (1). The network connection point' (1) may be a telephone
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exchange (“switch”) (14) or some point intermediate between the exchange
and the customer terminations (11,21,31). A respective wire pair (12,22,32) is
connected between each customer terminal (11,21,31) and the network
connection point (1). Each wire pair provides the customer's standard
telephone communication link between the switch 14 and the customer
termination 11, and for communication purposes is dedicated to that customer

alone.

Electrical power is delivered to a device 5 from a power source 50 using a
power injector 15, typically but not necessarily at the exchange 1 or at a
kerbside cabinet or other location in the distribution network, using one or.
more wire pairs 12,22,32. Each such wire pair provides .a communication

connection between the switch 14 and a respective individual customer

‘termination 11, 21, 31. Power is extracted from each wire pair at a convenient

connection point 13, 23, 33 in the network 410,

Figure 1 also shows a device (5) which is to be  powered by electricity
delivered from the network connection point (1). The line-powered device (5)

- may be co-located with the customer equipment (11), for example a computer

modem, or it may be at a remote location, for example for use as an intruder
alarm system or for other monitoring purposes. The line powered device 5
may also be part of the network infrastructure itself, for example equipment for.
conversion between communication media (electrical/wireless/optical). Whilst
the copper communications lines 12, 22, 32 may each ultimately bé
connected tb different customer premises 11,21, 31, power may be extracted
from the network at an intermediate distribution paint 6 in the access network,
for example to enable broadband connectivity between the customer premises
and the distribution point to be supported. In the example depicted in Figure 1, -
an exchange 14 is connected to several customer premises equipments 11,
21, 31 through respective individual wire-pair connections 12, 22, 32. These -
connections use a common routing between the exchange 14 and a
distribution point 6, where ohe of the wire pairs 12 is connected to customer
premises 11 over a “final drop” connection 120. An electrically powered device

PCT/GB2013/000083 -
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5 takes power from some or all of the connections 12, 22, 32 passing through
the distribution point 6, using line taps 13,23,33. '

Whilst the individual communications lines 12 are each ultimately connected

5 to different customer premises equipments 11, power may be extracted from
the network at an intermediate point 13 in the access network 410 such as a
“distribution point” ~ the point where the physical routings of sepafate wire
wires diverge to serve separate premises. The use of multiple wire pairs to a
point close to the tapping point enables more power to be delivered to a line

10 ~ powered device 5 than can be éupported by a singte wire pair 12. The
Figures show all the line taps 13, 23, 33 o be co-located at one distribution
point 8, but this is not to be taken as limitative —~ power may be callected from
line taps at several diffe'rent physical locations ~ conversely, the line taps at a
given focation may supply maore than one equipment 5. More _compl_ex power

15 - delivery systems may reduire control of the power distribution. Some aspects |

- of this are discussed in the applicant’s copending applicatian having the same

filing date and entitled "Control of Line Power”

Figure 2 debicts one of the line taps 13 in more detail. As will be described,

20 the POTS (analogue telephone signatl) and digital subscriber loop (internet)

signals are both carried as modulations on a dc carrier. Signalling on the

PSTN line may also be cérried, for example in an AC15 signalling channel.

To allow all the signals to be carried, the POTS signal is cz‘arried in an encoded

form {for example using a G.711 codec), and modulated onto the wire pairin a

25 band separate from thé one used by the xDSL signal, for example using an

 SHDSL {symmetric HDSL) modem, running at 64kbps, which is adequate for

the G.711 codin‘g.. The. two incoming signals are extracted from‘thé direct

current carrier using a fiiter 7. The SHDSL signal 'car‘rying the G.711 coding is

_then demodulated and converted back to an analogue signal in a modem 19

30 and codec 9 and the xDSL and POTS analogue signals are then recombined

in a combiner 10 for transmission over the “final drop” connection 120 to. the

customer premises 11, where telephony and computing equipment can be
connected to the network termination using further fitters in conventionai

manner. The direct current output from the filter 7 is fed to a power converter
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8 which extracts sufficient pbwer to operate the conventional telephony

éervices (in particular rinéing current) and delivers the remaining power over a

power connection 52 to an electrically powered device 5. As is shown in
Figure 1, a single equipment S may be powered from several line taps 13, 23,

33 each delivering part of the total power requirement.

A power injection system according to the invention will now be described with
reference to Figure 3, which depicts a power injection system 15 installed in
an exchange 1. It will be understood that power may be injected into a wire
pair 12 at any other point between the exchange 1 and the user's network
termination 11, for example at a distribution point (kerbsidecabinét).

As is conventional, the wire pair 12 may carry both analogue (POTS)
signalling and digital subscriber loop (xDSL) digital signalling, fed to the wire
pair by respé'ctive line cards 2, 3 from respective circuit switched and ‘packet
switched networks 42, 43. The analogue “POTS” signal is digitised by a
modulation element 4 which encapsulates the analogue POTS signal into a
64kbps digital data stream using a pulse code modulation system with an
8kHz sampling frequency, such as the G.711 standard, which can also
incorporate signalling (ring current, dialling tones, etc) conveited from a
16kbps signalling stream (AC15 standard). This allows the sighal to be carried
on the same carrier as the digital G.711 signal. Thé G.711/signalling stream is
modulated onto a band separate from the one used by the xDSL‘ signal, for
example using an SHDSL (symmetric HDSL) modem 24 running at 64kbps,
which is adequate for the G.711 coding.. The xDSL and SHDSLvsignals are
then both modulated by a power injector 15 onto a dc power supply delivered
from a power source 50 for transmission over the metallic path 12.

‘ To remain within allowable limits, the maximum dc voltage that can be
carried on a given wire pair 12 depends on the magnitude of any ac signal it
may be expected to carry. This is illustrated in Figures 4 and 5, which show
signalling overhead signals 48, 58 héving different respective amplitudes V(a),
V(ai) together with a dc bias 49, 59. It will be seen that for the signal 48 having
the larger amplitude, the dc bias '49 has to be set at a lower level V(i) than the
level V(ii) p‘ossible when the amplitudé V(ai) is reduced, so as to maintain the

PCT/GB2013/000083
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combined output below a predetermined maximum level V(max). it would be
possfble to arrange that all power injectors 15 are limited such that all wire
pairs carry the same dc voltage, but this would be unduly restrictive because it
would have to be set for the “worst case” (highest ac amplitude) situation and
5  would be significantly lower than that which the majority of lines could actually

carry.

In the present invention this is achieved by praviding a monitoring function 53,
54 to identify the amount of activity on each of the DSL and POTS
10 connections, and more sbecifical!y the amplitude of the modulations imposed
on the wired connection by the fine card 3 and SHDSL modem 24
respectively. These monitaring functions 53, 54 provide inputs to a power
control function 55 which controls the dc voltage delivered by the line power
injector 15 such that the ‘maximum value (dc voltage plus ac amplitude).is

15 . maintained within a predetermined limit.

The tine card 3 and G.711 processor 4 handle traffic passing in bath directions
aver the connection 12, hut the monitors 53, 54 are only concerned with the
peak currents generatéd by that traffic and therefore do not need to determine

20  what traffic is being transmitted from the remote end.

The power injector 15 may have other control inputs, to control when, and to

which wire pairs 12, power is to be delivered, for example as described in the

. applicant's copending application having the same filing date and entitled
25  “Conirol of Line Power” '

In addition, the distance from the exchangefcabinet 1 from each equipment §
being powered using access lines 12 affects the amount of power which can
be safely injected by the power injector 2.  Also, some types of DSL (digital
30 subscriber loop (e.g. VDSL) reduce the signal level transmitted from a cabinet
to avoid excessive cross-talk onto wire pairs which are fed from a more distant
signal source (e.g. a telephone exchange). Where the power injector 15 is

connected to a wire pair subject to such controls, the maximum powering
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voltage set in the power control System 55 can be adjusted, under the control
of the power limiting function, to take account of this reduction in signal level.

Whilst the communications lines 12, 22, 32 may ultimately be connected to
different customer premises 11, 21, 31, power méy be extracted from the
network at an ihtermediate'pqint in the acceés network 410 such as a
distribution point 6, to enable broadband connectivity between the customer
premises and the drop-point to_be supported. |

In one example, described in more detail in our co-pending.application having
the same filing date and entit(éd “Power Distribution for Tele‘communicationé
System”, power carried by the access lines is extracted to power a wireless
broadband link, which enables broadband connectivity to be supported in
~more remote rural areas for a lower infrastructure cost than would be incurred
if a dedicated fixed broadband link were to be provided.
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CLAIMS

1. A power injection system for delivering electrical power to one or more
communications connections in a netwqu, comprising a power control system -
vfo,r controlling the power to be delivered to the or each connection by the
pbwer injection system, the control system having a monitor for measuring
the amplitude of signals present on the line, and an injector arranged to be
controlled by the monitor such that it delivers a line voltage, such that the
‘combined line voltage and signal amplitude complies with a predetermined
limit for the line. ' '

2. A power injection system according to claim.1, wherein the monitor is

located at a pasition in the network remote from the injector.

3. A power injection system according to claim. 1 or 2, wherein the monitor

detects activity on a packet switched connection

4. A power injection system according to claim 1, 2 or 3, wherein the

monitor detects activity on a circuit switched connection.

5. A method for deliVering eleétrical _power to one or more A
communications COnhecﬁons in a network, wherein a power control syétem
controls the power to be delivered to the or each connection, the cbntroi
system being controlled in response to a sensor which measures the
amplitude of signals present on the line and controls the .injector such that it
delivers a line vqltége such that the combined line voltage and signal
_amplitude complies with a pr,ed'etermined limit for the line. |
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6 A method according to claim 5, wherein the monitor is located at a
- position in the network remote from the injector.

5 7. A method according to claim 5 or 6, wherein the monitor detects activity
on a packet switched connection

8. . A method according to claim 5, 6 or 7, wherein the monitor detects
10 activify on a circuit switched connection. |
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