Office de la Proprieté Canadian CA 2527283 C 2012/03/06

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 527 283
gr gfgamsge ; 'f“:j age”gy of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) G
(86) Date de dépbt PCT/PCT Filing Date: 2004/05/26 (51) Cl.Int./Int.Cl. HO04M 1/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2004/12/23 HO4M 9/00(2000.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2012/03/06 PHILLIPS. MELVIN RICHARD. US:
(85) Entree phase nationale/National Entry: 2005/11/25 LOMAX, CHARLES WESTON, JR. US:
(86) N° demande PCT/PCT Application No.: US 2004/016541 AMMANN, CRRISTOPHER TAD, US

(87) N° publication PCT/PCT Publication No.: 2004/111756 (73) Proprietaire/Owner:

ot ADC DSL SYSTEMS, INC., US
(30) Priorité/Priority: 2003/05/30 (US10/449,547)
(74) Agent: ROBIC

(54) Titre : ACCROISSEMENT DE LA PUISSANCE DANS UN SYSTEME D'ELEMENTS DE RESEAU ALIMENTES PAR
SECTEUR
54) Title:. POWER RAMP-UP IN A LINE-POWERED NETWORK ELEMENT SYSTEM

402

BOOT TRIGGER
CONDITION
EXIST?

yY

" SUPPLY POWER WITH POWER
[SUPFLY OPERATING AT FIRST SET
| POINT

_ /410
108
/
OYERLOAD N \ SIGNAL ALARM
EXIST?
414

W I
SUPPLY POWER WITH POWER
SUPPLY OPERATING AT SECONT

SET POINT
! 418
X 116 /

I

- SIGNAL ALARM |

EXIST?

127 >

> SIGNAL ALARM

— |

~af,

424 l 41
\ Y | 2\ Y

DVNAMICALLY ADJUST SET POINT LSTOP SUPRIYING POVVER

r’.u-—““---p---h-‘-'— ﬂﬂﬂﬂﬂﬂﬂﬂﬂ

s s ik —

----------------------------

' [OPERATION OF POWER SUPPLY} | Y

e o | | RAMP UP COMPLETE

----------------------------

---------------------------------

(57) Abréegée/Abstract:
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on the communication medium with the power supply operating at a first set point, determining if an overload condition exists, and,
if the overload condition does not exist, signaling a first alarm. If the overload condition exists, power Is supplied on the
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power supply at the second set point, a second alarm Is signaled.

SRR VNEEEN
R 5. sas ALy
O
N

W .
‘ l an a dH http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC
OPIC - CIPO 191




woO 2004/111756 A3 I D000 AT 10 0000 0

CA 02527283 2005-11-25

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Burcau

(43) International Publication Date

23 December 2004 (23.12.2004) PCT

(51) International Patent Classification’: H04M 1/00, 9/00

(21) International Application Number:
PCT/US2004/016541

(22) International Filing Date: 26 May 2004 (26.05.2004)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
10/449,547 30 May 2003 (30.05.2003) US

(71) Applicant (for all designated States except US): ADC
DSL SYSTEMS, INC. [US/US]; 13625 Technology
Drive, Eden Prairie, MN 55344-2252 (US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): PHILLIPS, Melvin,
Richard [US/US]; 20 Craven Court, Youngsville, NC

(74)

(81)

(84)

(10) International Publication Number

WO 2004/111756 A3

27596 (US). LOMAX, Charles, Weston, Jr [US/US];
8309 Kestral Drive, Raleigh, NC 27615 (US). AMMANN,
Chirstopher, Tad [US/US]; 4505 Fox Road, Raleigh, NC
27616 (US).

Agent: POWERS, Jon, M.; P.O. Box 581339, Minneapo-
lis, MN 55458-1339 (US).

Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM.,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[ Continued on next page]

(54) Title: POWER RAMP-UP IN A LINE-POWERED NETWORK ELEMENT SYSTEM

407

BOOT TRIGGER
CONDITION
EXIST?

SUPPLY POWER WI!TH POWER
SUPPLY OPERATING AT FIRST SET
POINT

410
408 /[

- SIGNAL ALARM

OVERLOAD
EXIST?

SUPPLY POWER WITH POWER
SUPPLY OPERATING AT SECOND
SET POINT

418
416 /

> SIGNAL ALARM

GROUND
FAULT
EXIST?

OVERLOAD

ST EXIST) - SIGNAL ALARM

~allf—

424 f 212
Y A\ Y

- . R i i i ol |

E DYNAMICALLY ADJUST SET POINT STOP SUPPLYING POWER

a I e L B R I R L |

e et mmmmrmemp == m—— e -==

e Y E
. {OPERATION OF POWER SUPPLY! : Y

ADJUiIfg,gﬁ?EED O RAMP UP COMPLETE

L o oo owr e am oy m am mm mm mm o e me AR A A A e o A m o e b -

h-__.-__--v---w--vv—----—‘—--'-———-"’—’

(57) Abstract: A method of ramping up a power
supply that supplies power on a communication
medium. The method includes supplying power
on the communication medium with the power
supply operating at a first set point, determining
if an overload condition exists, and, if the overload
condition does not exist, signaling a first alarm. If
the overload condition exists, power is supplied on
the communication medium with the power supply
operating at a second set point. It is determined
if the overload condition continues to exist while
operating the power supply at the second set point.
If the overload condition continues to exist while
operating the power supply at the second set point,
a second alarm is signaled.
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Technical Field

The present invention relates generally to the field of telecommunications,

and, in particular, to managing line power for network elements in an access network.

Background

Telecommunications networks transport signals between user equipment at
diverse locations. A telecommunications network includes a number of components.
For example, a telecommunications network typically includes a number of switching
elements that provide selective routing of signals between network elements.
Additionally, telecommunications networks include communication media, e.g.,
twisted pair, fiber optic cable, coaxial cable or the like that transport the signals
between switches. Further, some telecommunications networks include access

networks.

For purposes of this specification, the term access network means a portion of
a telecommunication network, e.g., the public switched telephone network (PSTN),
that allows subscriber equipment or devices to connect to a core network. For
example, an access network is the cable plant and equipment normally located in a
central office or outside plant cabinets that directly provides service interface to
subscribers in a service area. The access network provides the interface between the
subscriber service end points and the communication network that provides the given
service. An access network typically includes a number of network elements. A
network element is a facility or the equipment in the access network that provides the
service interfaces for the provisioned telecommunication services. A network
element may be a stand-alone device or may be distributed among a number of

devices.

There are a number of conventional forms for access networks. For example,
the digital loop carrier is an early form of access network. The conventional digital
loop carrier transported signals to and from subscriber equipment using two network
elements. At the core network side, a central office terminal is provided. The central
office terminal is connected to the remote terminal over a high-speed digital link, e.g.,
a number of T1 lines or other appropriate high-speed digital transport medium. The
remote terminal of the digital loop carrier typically connects to the subscriber over a

conventional twisted pair drop.
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The remote terminal of a digital loop carrier is often deployed deep in the
customer service area. The remote terminal typically has line cards and other
electronic circuits that need power to operate properly. In some applications, the
remote terminal is powered locally. Unfortunately, to prevent failure of the remote
terminal due to loss of local power, a local battery plant is typically used. This adds
to the cost and cofnplicates the maintainability of the remote terminal, due to the
outside plant operational requirements which stipulate operation over extended

temperature ranges.

In some networks, the remote terminal 1s fed power over a line from the
central office. This is referred to as line feeding or line powering and can be
accomplished through use of an AC or a DC source. Thus, 1t local power fails, the
remote terminal still functions because it is typically powered over the line using a
battery-backed power source. This allows the remote terminal to otfer critical
functions like lifeline plain old-fashioned telephone service (POTS) even during a

power outage.

Over time, the variety of services offered over telecommunications networks
has changed. Originally, the telecommunications networks were designed to carry
narrowband, voice traffic. More recently, the networks have been modified to ofier
broadband services. These broadband services include services such as digital
subscriber line (DSL) services. As time goes on, other broadband services will also

be supported. These new services often come with increased power requirements.

As the service offerings have changed, the manner in which remote terminals
are powered has not changed. The various services now offered are not all on equal
footing. Data service today, unlike lifeline POTS, typically is not considered a
necessity. Further, even among the other broadband services, there 1s a spectrum of
variables affecting the level of service that a given subscriber wants and what the
subscriber is willing to pay for it. Despite these changes in service offerings, the way
that power is provided to the access equipment has not changed to keep pace with the

service advancements.

Therefore, there is a need in the art for improvements in the manner in which

power is provided to network elements in an access network.
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Summary

In one embodiment, a method of ramping up a power supply that supplies
power on a communication medium includes supplying power on the communication
medium with the power supply operating at a first set point. The method further
includes determining if an overload condition exists. If the overload condition does
not exist, a first alarm 1s signaled. If the overload condition exists, power is supplied
on the communication medium with the power supply operating at a second set point.
The method further includes determining 1f the overload condition continues to exist
while supplying power on the communication medium with the power supply
operating at the second set point. If the overload condition continues to exist while
supplying power on the communication medium with the power supply operating at

the second set point, a second alarm 1s signaled.

In another embodiment, a network element includes a communication
interface that produces a telecommunication service signal that includes traffic for a
communication link. The network element also includes a power interface adapted to
couple the network element to a power source. The power interface includes a power
supply that produces a power signal. The network element also includes a controller
that controls the operation of the power supply, and a splitter that combines the
telecommunication service signal with the power signal and applies the combined
signal to the communication medium. The controller causes the power supply to
supply power on the communication medium with the power supply operating at a
first set point. The controller also  determines if an overload condition exists. The
controller also, if the overload condition does not exist, signals a first alarm. The
controller also, if the overload condition exists, causes the power supply to supply
power on the communication medium with the power supply operating at a second set
point. The controller determines if the overload condition continues to exist while the
power supply supplies power on the communication medium with the power supply
operating at the second set point. The controller also, if the overload condition
continues to exist while the power supply supplies power on the communication

medium with the power supply operating at the second set point, signals a second

alarm.

In another embodiment, a network element includes an interface adapted to

couple the network element to a communication medium. The network element
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further includes a power supply adapted to couple the network element to a power
source. Power is supplied on the communication medium with the power supply
operating at a first set point. The network element determines if an overload
condition exists. If the overload condition does not exist, the network element signals
a first alarm. If the overload condition exists, the power supply supplies power on the
communication medium with the power supply operating at a second set point. The |
network element determines if the overload condition continues to exist while the
power supply supplies power on the communication medium with the power supply
operating at the second set point. If the overload condition continues to exist while
the power supply supplies power on the communication medium with the power

supply operating at the second set point, the network element signals a second alarm.

In another embodiment, a network includes a source network element
including a power supply coupled to a power source and  a sink network element
coupled to the source network element over a communication medium. Power 1s
supplied on the communication medium to power the sink network element with the
power supply operating at a first set point. The network element determines if an
overload condition exists. If the overload condition does not exist, the network
element signals a first alarm. If the overload condition exists, the power supply
supplies power on the communication medium to power the sink network element
with the power supply operating at a second set point. The network element
determines 1f the overload condition continues to exist while the power supply
supplies power on the communication medium to power the sink network element
with the power supply operating at the second set point. If the overload condition
continues to exist while the power supply supplies power on the communication
medium to power the sink network element with the power supply operating at the

second set point, the network element signals a second alarm.

Brief Description of the Drawings

FIG. 1 1s block diagram of one embodiment of network that includes at least

one line-powered network element.
FIG. 2 1s a block diagram of one embodiment of a central office terminal.

FIG. 3 is a block diagram of one embodiment of a wireless network.
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FIG. 4 is flow diagram of one embodiment of a method of ramping up power

in a network including line-powered network elements.

Detailed Description

FIG. 1 is block diagram of one embodiment of network 100 that includes at
least one line-powered network element. Network 100 includes at least one network
element 102 (referred to here as a ““‘source network element”) that provides power to
at least one other network element 104 (referred to here as a “sink network element”)
over a communication medium 106 (referred to here as a “power communication
medium”). In the one embodiment, the source network element 102 1s a central office
terminal located in central office of a service provider and the sink network element
104 1s a remote terminal located 1n the outside plant, for example, in an
environmentally hardened enclosure. In such an embodiment, both the central office
terminal 102 and the remote terminal 104 are included 1n an access network that
couples one or more items of customer located equipment (for example, a modem,
wireless access point, or telephone set) to a communications network such as the
Internet or public switched telephone network (PSTN). The central office terminal
provides power to the remote terminal over at least one twisted-pair telephone line.
That 1s, in such embodiment, the twisted-pair telephone line 1s the power

communication medium 106.

The source network element 102 1s coupled to a power source 108 1n order to
obtain power that is used to power the source network element 102 and to provide
power to the sink network element 104 over the power communication medium 106.
In one embodiment, the power source 108 includes a direct current (DC) and/or an
alternating current (AC) power source such as a battery and/or a connection the main

power grid. In other embodiments, other powers sources are used.

The source network element 102 and the sink network element 104
communicate with one another using some type of communication link. For example,
in one embodiment, a central office terminal and a remote terminal communicate over
a DSL communication link provided between the central office terminal and the
remote terminal. Examples of DSL communication links includes a high-bit rate DSL
(HDSL) link, high-bit rate digital subscriber line 2 (HDSL2) link, high-bit rate digital
subscriber line 4 (HDSL4) link, asymmetric digital subscriber line (ADSL), or
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symmetric DSL link conforming to the International Telecommunication Union (ITU)

standard G.991.2 (a G.SHDSL link). In other embodiments, other types of

communication links are used.

In the embodiment shown in FIG. 1, the communication link is provided on
the same communication medium that is used to supply power from the source
network element 102 to the source network element 104. In other embodiments, a
separate communication medium is used to provide such a communication link

between the source network element 102 and the sink network element 104.

Both the source network element 102 and the sink network element 104 are
typically coupled to other network elements. For example, in one embodiment, the
source network element 102 is coupled to an upstream network element such as a
switch and the sink network element 104 is coupled to one or more downstream
network elements such as various items of customer located equipment (for example,

a modem, wireless access point, or telephone set).

FIG. 2 is a block diagram of one embodiment of a central office terminal 200.
Embodiments of central office terminal 200 are suitable for providing power to one or
more remote terminals (or other network elements) over one or more twisted-pair
telephone lines (or other communication medium). The embodiment of a central
office terminal 200 shown in FIG. 2 includes communication interface 202 and a
power interface 204. The communication interface 202 includes appropriate
components for providing the various telecommunications service provided by the
central office terminal 200. For example, in the embodiment shown 1n FIG. 1, the
communications interface 202 couples the central office terminal 200 to at least one
upstream G.SHDSL communication link and to at least one downstream G.SHDSL
communication link (via a splitter 230 described below). The downstream G.SHDSL
communication links is provided over at least one twisted-pair telephone line 206.
The twisted-pair telephone line 206 is coupled, in one embodiment to one or more

remote terminals (not shown in FIG. 2) that are powered by the central office terminal

200.

The power interface 204 includes a power supply 208 that is coupled to a
power source 210. In general, the power supply 208 receives power from the power

source 210 and conditions and supplies power on the twisted-pair telephone lines 206
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in order to power a remote terminal coupled to the twisted-pair telephone line 206. In
one such embodiment, the power supply 208 is implemented as a fly-back power
supply. The central office terminal 200 includes a splitter 230 that combines an
output communication signal from the communications interface 202 and an output
power signal from the power interface 204 and applies the combined output signal to
the twisted-pair telephone line 206. The splitter 230 also receives an input signal
from the twisted-pair telephone line 206 and splits off that portion of the received
input signal used for providing the downstream communication link and provides it to

the communications interface 202 for appropriate processing. One embodiment of a
splitter 230 is described in US Patent No. 6,998,964

The power interface 204 also includes a controller 212 that controls the

operation of the power supply 208. In one such embodiment, controller 212 is
implemented 1n hardware (for example, using analog and/or digital circuits) and/or in
software (for example, by programming a programmable processor with appropriate

instructions to carry out the various control tunctions described here). In other

embodiments, the controller 212 is implemented in other ways. Although the

controller 212 1s shown as being a part of the power interface 204 in FIG. 2, in other
embodiments the controller 212 is a part of a general controller or control circuitry for
the central office terminal 200. In other embodiments, the functions performed by the

controller 212 are incorporated directly into control circuitry of the power supply 208.

In the embodiment shown in FIG. 2, a voltage signal 214 is provided between
the controller 212 and the power supply 208. The voltage signal 214 is used by the
controller 212 to set a nominal voltage at which the power supply 208 is to supply
power on the twisted-pair telephone line 206 in order to power a remote terminal
coupled to the twisted-pair telephone line 206. A power limit signal 216 is provided
between the controller 212 and the power supply 208. The power limit signal 216 is
used by the controller 212 to set a power limit for the power supply 208. The power
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limit is 2 maximum power the power supply 208 is to provide on the twisted-pair

telephone line 206.

An overload signal 218 1s provided by the power supply 208 to the controller
212. The overload signal 218 1s used by the power supply 208 to inform the

controller 212 that the power supply 208 1s currently supplying power with an output
voltage that 1s below the nominal voltage specified on the voltage signal 214. This 1s

/
/
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referred to here as an “overload condition” or that the power supply 208 is “out of
regulation.” For example, when a remote terminal coupled to the twisted-pair
telephone line 206 draws an amount of current that causes the amount of power
supplied by the power supply 208 to exceed the power limit specified by the power
limit signal 216, the power supply 208 drops the output voltage so that the total power
supplied by the power supply 208 does not exceed the power limit. When an overload
condition exists, the power supply 208 indicates that such an overload condition exists

on the overload signal 218.

In the embodiment shown in FIG. 2, various current measurement signals are
supplied by the power supply 208 to the controller 212. For example, a low current
signal 220 is supplied by the power supply 208 to the controller 212 to indicate that
the current currently supplied by the power supply 208 1s below some relatively low
threshold current value. A high current signal 222 1s supplied by the power supply
208 to controller 212 to indicate that the current currently supplied by the power
supply 208 1s above some relatively high current value. In other embodiments, the
amount of current currently supplied by the power supply 208 is measured and

provided to the controller 212.

FIG. 3 1s a block diagram of one embodiment of a wireless network 300. The
embodiment of a wireless network 300 shown in FIG. 3 includes a central office
power plug 302 that is coupled to a power source 304. In one embodiment, central
office power plug 302 is implemented using an embodiment of the central office
terminal 200 described above. An upstream G.SHDSL communication link 306 is
provided to the central office power plug 302 over an upstream communication
medium (for example, a twisted-pair telephone line). The upstream G.SHDSL
communication link 306 couples the central office power plug 302 to a G.SHDSL line
interface unit 308. The G.SHDSL line interface unit 308 1s coupled to an upstream
network (not shown) such as the Internet. In one such embodiment, the G.SHDSL
line interface units 308 is inserted into a subscriber access multiplexer (not showp) 1n

order to couple the G.SHDSL line interface unit 308 to the upstream network.

The wireless network 300 also includes a remote network element 310.
Remote network element 310 1s powered by a twisted-pair telephone line 312 that is
coupled between the central office power plug 302 and the remote network element

310. A downstream G.SHDSL communication link 314 1s provided over the twisted-
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10

pair telephone line 312. The central office power plug 302 supplies power for the
remote network element 310 on the twisted-pair telephone line 312 in the same
manner as described above in connection with FIG. 2. The remote network element
310 includes a power supply 318 that is coupled to the twisted-pair telephone line
312. The power supply 318 extracts the power supplied on the twisted-pair telephone
line 312 by the central office power plug 302. The extracted power 1s used to power

various components of the remote network element 310.

The remote network element 310 also includes a G.SHDSL modem 320 that
modulates and demodulates the G.SHDSL signals carried over the twisted-pair
telephone line 312. The modem 320 is coupled to a wireless access point 322 over an
Ethernet connection 324. The wireless access point 322 transmits traffic to, and
receives traffic from various wireless devices (not shown) over a wireless link 326.
Examples of wireless devices include computers or personal digital assistants having
wireless transceivers. In one embodiment, the wireless access point 322 1s a wireless

access point that supports the Institute for Electrical and Electronic Engineers (IEEE)
802.11b standard (also referred to as “WI-FI”).

The wireless network 300 also includes a wireless services manager 328 that

- manages the wireless services provided over the wireless network 300. For example,

in one embodiment, wireless services manager 328 manages authentication and other
subscriber and service-related information using the Remote Authentication Dial-n
User Service (RADIUS) protocol. In one embodiment, the wireless services manager
328 is coupled to the G.SHDSL line interface unit 308 using a local area network

connection (for example, an Ethernet connection).

In operation, wireless traffic is received by the wireless access point 322 from
various wireless devices. The wireless traffic is transmitted to the central office
power plug 302 by the G.SHDSL modem 320 over the twisted-pair telephone line
312. A splitter (not shown in FIG. 3) splits off that portion of the signal used for
providing the G.SHDSL communication link and provides 1t to a communications
interface (not shown in FIG. 3) of the central office power plug 302 for appropriate
processing. The communications interface transmits the trattic to the G.SHDSL line
interface unit 308 over the upstream G.SHDSL communication link 306, where the
traffic is processed and forwarded to the upstream network by the line interface unit

308. In the downstream direction, traffic is received by the G.SHDSL line interface
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11

unit 308 from the upstream network. The traffic is transmitted to the central office
power plug 302 over the upstream communication link 306. The traffic 1s combined
with power from a power supply (not shown 1n FIG. 3) of the central otfice power
plug 302 by the splitter and the combined signal 1s transmitted on the twisted-pair
telephone line 312. The signal is received by the G.SHDSL modem 320, which
forwards the traffic to the wireless access point 322 for tfransmission to the wireless

devices.

FIG. 4 is flow diagram of one embodiment of a method 400 of ramping up
power in a network including line-powered network elements. Embodiments of
method 400 are suitable for use with source network elements and sink network
elements described here. An embodiment of method 400 implemented using the
central office terminal 200 of FIG. 2 is shown in FIG. 4. In one such embodiment, the
functionality of method 400 is implemented using an embodiment of controller 212.
Other embodiments of method 400 are implemented using other types of source

network elements.

Method 400 includes determining if a boot trigger condition exists (block
402). If a boot trigger condition exists, a power ramp-up process 404 described below
is executed. In one embodiment, the power supply 208 of the central office terminal
200 can be instructed to stop supplying power on the twisted-pair telephone line 206
by shorting the ring and tip lines of twisted-pair telephone line 206 together or by
applying a low voltage across the ring and tip lines. When such a short 1s detected,
the power supply 208 stops supplying power on the twisted-pair telephone line 206.
Then, the power supply 208 can be instructed to initiate the power ramp-up process
404 by removing the short (or low voltage) between the ring and tip lines. This can
be done by a field technician that is, for example, installing or servicing a remote

terminal coupled to the twisted-pair telephone line 206.

In another embodiment, controller 212 periodically invokes the power ramp-
up process 404. In such an embodiment, a timer or similar device 1s used to
determine when a predetermined period has elapsed since the power supply 208 last
invoked the power ramp-up process 404 and/or stopped supplying power to the
remote terminal. The boot trigger condition 1s such an embodiment 1s that the

predetermined period of time has elapsed.



CA 02527283 2005-11-25

WO 2004/111756 PCT/US2004/016541

10

15

20

25

30

12

The power ramp-up process 404 includes supplying power on the
communication medium (that is, the twisted-pair telephone line in the embodiment
discussed here) with the power supply 208 operating at a first set point (block 406).
As used here, set point refers to a particular setting ot the nominal voltage and power
limit of the power supply 208. In one embodiment, operating the power supply 208 at
the first set point includes ramping up the nominal voltage of the power supply 208 to
a first voltage value and ramping up the power limit of the power supply 208 to a first
power limit value. The rate at which the nominal voltage and the power limit are
ramped up is selected to so as to avoid creating (or reduce the occurrence of)
transients on the twisted-pair telephone line 206 that might harm devices coupled to
the twisted-pair telephone line 206. In another embodiment, the nominal voltage of
the power supply 208 is set to the first voltage value and the power limit of the power
supply 208 is set to first power limit value. Then, the power supply 1s operated at the

first set point without any ramping.

The first voltage value and the first power limit value are selected so that
enough power is supplied on the twisted-pair telephone line 206 to start up a remote
terminal but not enough power 1s supplied to operate the remote terminal normally.
That is, the remote terminal is provided with enough power so that the remote
tenhinal will boot its power supply. However, the remote terminal 1s not provided
with enough power to operate the remote terminal normally at full speed. In one
embodiment, the first voltage and first power limit are selected so that the power
supply 208 supplies one half of the amount of power supplied to the remote terminal
during normal, full-speed operation. In one embodiment, the controller 212 sets the
nominal voltage and the power limit of the power supply 208 using the voltage signal

214 and the power limit signal 216, respectively.

Then, whether or not an overload condition has occurred is checked (block
408). For example, in one embodiment, an overload condition is detected when the
overload signal 218 1s asserted by the power supply 208. If a remote terminal 1s
coupled to the twisted-pair telephone line 206 and successfully starts up, the remote
terminal will attempt to draw the full amount of power needed to operate the remote
terminal normally at full speed. This will cause an overload condition to occur in the
power supply 208. If an overload condition does not occur (for example, does not

occur within a specified period of time), an alarm 1is signaled (block 410). If an
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overload condition does not occur within a specified period of time after starting the
power ramp-up process 404, then some type of fault exists, for example, there is no
remote terminal coupled to the twisted-pair telephone line, there 1s an open circuit in
the twisted-pair telephone line, or a twisted-pair telephone line 1s coupled to the
twisted-pair telephone line but is not operational. In one embodiment, the alarm
indicates that no sink network element was detected on the communication medium.
In the embodiment shown in FIG. 4, the power supply 208 stops supplying power on
the communication medium when an overload condition does not occur (block 412).

Method 400 is then restarted.

If an overload condition is detected, then the power supply 208 supplies power
on the communiéation medium (that is, the twisted-pair telephone line in the
embodiment discussed here) with the power supply 208 operating at a second sét
point (block 414). In one embodiment, operating the power supply 208 at the second
set point includes ramping up the nominal voltage of the power supply 208 to a
second voltage value and ramping up the power limit of the power supply 208 to a
second power limit value. The rate at which the nominal voltage and the power limit
are ramped up is selected to so as to avoid creating (or reduce the occurrence of)
transients on the twisted-pair telephone line 206 that might harm devices coupled to
the twisted-pair telephone line 206. In another embodiment, the nominal voltage of
the power supply 208 is set to the second voltage value and the power limit of the
power supply 208 is set to second power limit value. Then, the power supply 1s
operated at the second set point without any ramping. In one embodiment, the second
set point is selected so as to provide the amount of power needed to operate a remote
terminal coupled to the twisted-pair telephone line 206 in a normal manner at full

speed.

In the embodiment shown in FIG 4, while the power supply 1s ramped up (or
otherwise increased) from the first set point to the second set point, it is determined 1t
a ground fault exists on the communication medium (block 416). If a ground fault
exists, an alarm is signaled (block 418) and the power supply 208 stops supplying
power on the communication medium (block 412). The alarm that is signaled

indicates that a ground fault exists. Method 400 is then restarted.

Then, whether or not the overload condition continues to exist while operating

the power supply 208 at the second set point is checked (block 420). If the overload
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condition continues to exist (for example, a specified period of time has elapsed since
the power supply 208 started operating at the second set point), an alarm is signaled
(block 422). If the overload condition continues to exist while the power supply 208
is operated at the second set point, then some type of fault exists, for example, there is
short circuit in the twisted-pair telephone line 206 and/or the remote terminal coupled
to the twisted-pair telephoné line 206. In one embodiment, the alarm that is signaled
indicates that something other than a valid sink network element was detected on the
communication medium. In the embodiment shown in FIG. 3, the power supply 208
stops supplying power on the communication medium 1f the overload condition
continues to exists while the power supply 208 supplies power on the communication
medium with the power supply 208 operating at the second set point (block 412).
Method 400 1s then restarted.

If the overload condition does not continue to exist while operating the power
supply 208 at the second set point, then the power ramp-up process 404 is complete.
In an alternative embodiment (shown m FIG. 4 using dashed lines), the set point at
which the power supply 208 1s operated 1s adjusted dynamically to operate the power
supply 208 at a final set point (block 424). For example, in the embodiment shown in
FIG. 4, a power-related attribute 1s monitored (block 426) and the operation of the
power supply 208 1s adjusted based on the monitored power-related attribute (block
428). For example, in one embodiment the amount of current and/or the amount of
power supplied by the power supply 208 1s monitored and the nominal voltage at
which the power supply 208 1s operated 1s increased or decreased based on current
and/or power. In one embodiment, the power-related attribute 1s monitored to
determine how far away the remote terminal 1s from the central office terminal 200.
This allows the amount of power supplied by the power supply 208 on the twisted-
pair telephone line 206 to be adjusted based on how far the remote terminal 1s from
the central office terminal 200. For example, if the remote terminal is relatively close
to the central office terminal 200, the amount of power supplied by the power supply
208 on the twisted-pair telephone line 206 1s reduced. If the remote terminal is
relatively far from the central otfice terminal 200, the amount of power supplied by
the power supply 208 on the twisted-pair telephone line 206 1s increased. In other

embodiments, other adjustments are made.
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Although the embodiments of method 400 are described here as sequential
steps, this functionality can be implemented in many ways. For example, the
functionality can be implemented in analog and/or digital electronic circuitry, or with
a programmable processor (for example, a special-purpose processor or a general-
purpose process such as a computer), firmware, software, or in combinations of them.
In one embodiment, apparatus embodying these techniques include appropriate mput
and output devices, a programmable processor, and a storage medium tangibly
embodying program instructions for execution by the programmable processor. In
one embodiment, a process embodying these techniques are performed by a
programmable processor executing a program of instructions to perform desired
functions by operating on input data and generating appropriate output. In one
embodiment, the techniques advantageously are implemented in one or more
programs that are executable on a programmable system 1ncluding at least one
programmable processor coupled to receive data and instructions from, and to
transmit data and instructions to, a data storage system, at least one input device, and
at least one output device. Generally, a processor will receive instructions and data
from a read-only memory and/or a random access memory. Storage devices suitable
for tangibly embodying computer program instructions and data include all forms of
non-volatile memory, including by way of example semiconductor memory devices,
such as EPROM, EEPROM, and flash memory devices; magnetic disks such as
internal hard disks and removable disks; magneto-optical disks; and CD-ROM disks.
Any of the foregoing may be supplemented by, or incorporated 1n, specially-designed
application-specific integrated circuits (ASICs).

A number of embodiments of the invention defined by the following claims
have been described. Nevertheless, it will be understood that various modifications to
the described embodiments may be made without departing from the scope of the
claimed invention. Accordingly, other embodiments are within the scope of the

following claims.
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What is claimed 1s:

1. A method of ramping up a power supply that supplies power on a
communication medium, the method comprising:
supplying power on the communication medium with the power supply
operating at a first set point;
determining if an overload condition exists;
if the overload condition does not exist, signaling a first alarm;
if the overload condition exists:
supplying power on the communication medium with the power supply
operating at a second set point;
determining if the overload condition continues to exist while
supplying power on the communication medium with the power supply operating at
the second set point; and
if the overload condition continues to exist while supplying power on
the communication medium with the power supply operating at the second set point,

signaling a second alarm.

2. The method of claim 1, further comprising determining 1f a boot trigger
condition exists and wherein power is supplied on the communication medium with

the power supply operating at the first set point when the boot trigger condition exists.

3. The method of claim 2, wherein the boot trigger condition 1s a short circuit on

the communication medium.

4. The method of claim 2, wherein the boot trigger condition is a low voltage on

the communication medium.

3. The method of claim 2, wherein the boot trigger condition exists when a
predetermined period has elapsed since the power supply supplied power on the

communication medium.

6. The method of claim 1, wherein supplying power on the communication

medium with the power supply operating at the first set point includes ramping up a
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nominal voltage of the power supply to a first voltage value and ramping up a power

limit of the power supply to a first power limit value.

7. The method of claim 1, wherein the first set point is selected so as to supply
enough power to cause a sink network element coupled to the communication

medium to start up but not enough power to operate the network element normally.

8. The method of claim 7, wherein the first set point is selected so that power
supplies one half the amount of power that is supplied when during normal operation

of the sink network element.

0. The method of claim 1, wherein the second set point 1s selected so that the

power supply supplies an amount of power needed to operate a sink network element

coupled to the communication medium 1n a normal manner.

10.  The method of claim 1, wherein supplying power on the communication
medium with the power supply operating at the second set point includes ramping up
a nominal voltage of the power supply to a second voltage value and ramping up a

power limit of the power supply to a second power limit value.

11.  The method of claim 1, further comprising determining if a ground fault exists

and, 1f a ground fault exists, signaling a third alarm.

12. The method of claim 1, wherein the communication medium includes at least

one twisted-pair telephone line.

13.  The method of claim 1, further comprising dynamically adjusting the set point
of the power supply.

14.  The method of claim 13, further comprising monitoring a power-related
attribute and adjusting the operation of the power supply is adjusted based on the

monitored power-related attribute.
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15. A network element, comprising:
a communication interface that produces a telecommunication service signal
that includes traffic for a communication link;
a power interface adapted to couple the network element to a power source,
the power interface including a power supply that produces a power signal;
a controller that controls the operation of the power supply; and
a splitter that combines the telecommunication service signal with the power
signal and applies the combined signal to the communication medium;
wherein the controller:
causes the power supply to supply power on the communication
medium with the power supply operating at a first set point,
determines if an overload condition exists;
if the overload condition does not exist, signals a first alarm;
if the overload condition exists, causes the power supply to supply
power on the communication medium with the power supply operating at a second set
point;
determine if the overload condition continues to exist while the power
supply supplies power on the communication medium with the power supply
operating at the second set point; and
if the overload condition continues to exist while the power supply
supplies power on the communication medium with the power supply operating at the

second set point, signal a second alarm.

16. The network element of claim 15, wherein the controller includes at least one

of hardware and software.

17. The network element of claim 15, wherein the controller 1s included 1n the

power interface.

18.  The network element of claim 15, wherein the communications interface

couples the network element to an upstream communication medium.

19.  The network element of claim 15, wherein a digital subscriber line

communication link is provided on the communication medium
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20. The network element of claim 15, wherein the network element 1s a central

office terminal.

21.  The network element of claim 15, wherein a voltage signal 1s provided
between the controller and the power supply, wherein the voltage signal 1s used by the
controller to set a nominal voltage at which the power supply is to supply power on

the communication medium

22.  The network element of claim 15, wherein a power limit signal 1s provided
between the controller and the power supply, wherein the power limit signal 1s used
by the controller to set a power limit for the power supply, wherein the power limit 1s

a maximum power the power supply is to provide on the communication medium.

23.  The network element of claim 15, wherein an overload signal is provided by
the power supply to the controller, wherein the overload signal is used by the power

supply to inform the controller that an overload condition exists.

24. A network element, comprising:

an interface adapted to couple the network element to a communication
medium; and

a power supply adapted to couple the network element to a power source;

wherein power is supplied on the communication medium with the power
supply operating at a first set point;

wherein the network element determines if an overload condition exists;

wherein if the overload condition does not exist, the network element signals a
first alarm;

wherein if the overload condition exists, the power supply supplies power on
the communication medium with the power supply operating at a second set point;

wherein the network element determines if the overload condition continues to
exist while the power supply supplies power on the communication medium with the

power supply operating at the second set point; and
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wherein if the overload condition continues to exist while the power supply
supplies power on the communication medium with the power supply operating at the

second set point, the network element signals a second alarm.

25. The network element of claim 24, wherein a first communication link 1s

provided on the communication medium.

26.  The network element of claim 25, further comprising a communications
interface that couples the network element to an upstream communication link and to

the first communication link.

27. The network element of claim 24, wherein the communication medium

includes a twisted-pair telephone line.

28. A network, comprising:

a source network element including a power supply coupled to a power
source; and

a sink network element coupled to the source network element over a
communication medium;

wherein power is supplied on the communication medium to power the sink
network element with the power supply operating at a first set point;

wherein the network element determines if an overload condition exists;

wherein if the overload condition does not exist, the network element signals a
first alarm:;

wherein if the overload condition exists, the power supply supplies power on
the communication medium to power the sink network element with the power supply
operating at a seczond set point;

wherein the network element determines if the overload condition continues to
exist while the power supply supplies power on the communication medium to power
the sink network element with the power supply operating at the second set point; and

wherein if the overload condition continues to exist while the power supply
supplies power on the communication medium to power the sink network element
with the power supply operating at the second set point, the network element signals a

second alarm.
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29. The network of claim 28, wherein the source network element is central office
power plug.

30. The network of claim 28, wherein the sink network element is remote network

element including a wireless access point.

31.  The network of claim 28, further comprising a line interface unit coupled to

the source network element.

32.  The network of claim 28, further comprising a wireless services manager.
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