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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

GLOBETECTRUST LLC
Plaintiff,
V. Civil Action No. 12-1236-RGA
CSC HOLDINGS, LLC JURY TRIAL DEMANDED
Defendant.

FIRST AMENDED COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff GlobeTecTrust LLC, files this complaint for patent infringement against
Defendant CSC Holdings, LLC (“Cablevision™):

THE PARTIES

1. Plaintiff GlobeTecTrust LLC (“GlobeTecTrust”) is a Delaware limited liability
company with its principal place of business located at GlobeTecTrust LLC, c/o Wilmington
Trust SP Services, Inc., 1105 North Market Street, Suite 1300, Wilmington, DE 19801.

2. On information and belief, Defendant Cablevision is a Delaware limited liability
company with its principal place of business located at 111 Stewart Avenue, Bethpage, New
York 11714.

JURISDICTION

3. This action arises under the patent laws of the United States, Title 35 of the
United States Code. This Court has subject matter jurisdiction under 28 U.S.C. 8§ 1331 and

1338(a).
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4, On information and belief, Cablevision is subject to this Court's jurisdiction
because Cablevision has, upon information and belief, transacted business in the District and in
the State of Delaware. Specifically, Cablevision either directly and/or through intermediaries,
upon information and belief, ships, distributes, offers for sale, and/or sells (including via the
provision of such services over the Internet) products and services in this District. Additionally,
Cablevision is a corporation organized and existing under the laws of the State of Delaware.
Cablevision thus has, upon information and belief, minimum contacts with this District and
State, has purposefully availed itself of the privileges of conducting business in this District and
State, regularly conducts and solicits business within the State of Delaware, and has committed
acts of patent infringement in this District and State.

5. Venue is proper in this district under 28 U.S.C. 88 1391(b) and (c), and 1400(b).

COUNT 1
(Infringement of U.S. Patent No. 6,262,997)

6. GlobeTecTrust incorporates and realleges the allegations of paragraphs 1-5 as if
fully set forth herein.

7. On July 17, 2001, the USPTO duly and legally issued U.S. Patent No. 6,262,997
(the *’997 patent™), entitled “Synchronization in Digital Communications Networks,” to John
Alan Quayle, who assigned his rights and interests in the ’997 patent to British
Telecommunications. A true and correct copy of the 997 patent is attached as Exhibit A.

8. GlobeTecTrust is the exclusive licensee of the "997 patent and has the legal right
to enforce rights under the 997 patent, sue for infringement, and seek all available relief and

damages.
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9. Upon information and belief, Cablevision is infringing (literally and/or under the
doctrine of equivalents) the *997 patent in this District and throughout the United States by,
among other things, making, using, importing, offering for sale and/or selling a communications
network as claimed in the "997 patent that performs ranging functions between a central station
and a plurality of outstations according to the method claimed in the 997 patent. Cablevision’s
infringing networks include networks maintained in compliance with the DOCSIS (Data Over
Cable Service Interface Specification) 3.0 standard, including, without limitation, the networks
on which Cablevision offers cable, Internet, and/or telephony service.

10. Cablevision committed these acts of infringement without license or
authorization.

11.  As a result of Cablevision’s infringement of the ’997 patent, GlobeTecTrust has
suffered monetary damages in an amount not yet determined, and will continue to suffer
damages in the future unless Defendant’s infringing activities are enjoined by this Court.

12.  GlobeTecTrust has also suffered and will continue to suffer severe and irreparable
harm unless this Court issues a permanent injunction prohibiting Defendant, its agents, servants,
employees, representatives, and all others acting in active concert therewith from infringing the
’997 patent.

DEMAND FOR JURY TRIAL

Plaintiff GlobeTecTrust, under Rule 38 of the Federal Rules of Civil Procedure, requests
a trial by jury of any issues so triable by right.

PRAYER FOR RELIEF

For the above reasons, GlobeTecTrust respectfully requests that this Court grant the

following relief in favor of GlobeTecTrust and against Cablevision:
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@) A judgment in favor of GlobeTecTrust that Cablevision has directly infringed
(either literally or under the doctrine of equivalents) one or more claims of the 997 patent (“the
Asserted Patent”);

(b) A permanent injunction enjoining Cablevision and its officers, directors, agents,
servants, affiliates, employees, divisions, branches, subsidiaries, parents, and all others acting in
active concert or participation with Cablevision, from infringing the Asserted Patent;

(c) A judgment and order requiring Cablevision to pay GlobeTecTrust its damages,
costs, expenses, and pre-judgment and post-judgment interest for Cablevision’s infringement of
the Asserted Patent;

(d) A judgment and order finding that this is an exceptional case within the meaning
of 35 U.S.C. § 285 and awarding GlobeTecTrust its reasonable attorneys' fees; and

(e) Any and all such other relief as the Court deems just and proper.

Date: December 20, 2012
/s/ Kenneth L. Dorsney

OF COUNSEL.: Kenneth L. Dorsney (#3726)

Marc Fenster MORRIS JAMES LLP

Alexander C.D. Giza 500 Delaware Avenue, Suite 1500

Russ August & Kabat Wilmington, Delaware 19801

12424 Wilshire Blvd., Suite 1200 Phone: (302) 888-6800

Los Angeles, CA 90025 kdorsney@morrisjames.com
mfenster@raklaw.com Attorneys for Plaintiff GlobeTecTrust LLC

agiza@raklaw.com
(310) 826-7474
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Quayle 45) Date of Patent: *Jul. 17, 2001
(54) SYNCHRONIZATION IN DIGITAL 5,619,504 * 4/1997 Van Grinsven et al. ............ 370/347
COMMUNICATIONS NETWORKS
FOREIGN PATENT DOCUMENTS
(75)  Inventor:  John Alan Quayle, Ipswich (GB) 0437350 Al * 7/1991 (EP) woooooocrsoeersresonns HO4Q/11/04
(73) Assignee: British Telecommunications, London 8 ;132 (3)33 Ei ;ﬁggz Egg
(GB) 0597 720 A2 * 5/1994 (EP) wooooooroesorsos HOAL/7/02
« . . . R 0616 443 A2 9/1994 (EP) .
(*) Notice:  This patent issued on a continued pros- 0 616 443 A3 9/1994 (EP).
ecution application filed under 37 CFR 0 616 444 A2 9/1994 (EP) .
1.53(d), and is subject to the twenty year WO 88/09093  11/1988 (WO) .
patent term provisions of 35 U.S.C. WO 96/16490 5/1996 (WO) .
154(a)(2).
OTHER PUBLICATIONS
Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 “The provision of telephony over passive optical networks”,
U.S.C. 154(b) by 0 days. Hoppitt et al., Br. Telecom Technology Journal, vol. 7, No.
2, Apr. 1989.
(21) Appl. No..  08/981,586 s APE
) “Design of passive optical networks,” Reeve et al., Br.
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(52)  US. Cl e nerecensecsseione 370/503 with a plurality of optical network units. The time taken to

(58) Field of Search 370/294, 301,
370/312, 314, 345, 347, 395, 442, 458,

synchronize by ranging, all optical network units and the
head-end, when the network needs to be initialized from
scratch, has been minimized using the disclosed method.
The synchronization time has been minimized by making all
bandwidth in the upstream direction of the network available
for the purpose of course ranging. Once the whole network
is ranged, the bandwidth is made available, in a normal way,
to combined data communications and operations and man-
agement functions.
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SYNCHRONIZATION IN DIGITAL
COMMUNICATIONS NETWORKS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates in general to methods and
apparatus for data synchronisation in a digital communica-
tions network.

2. Related Art

In telephony over a passive optical network (TPON), data
from a single head-end or central station (exchange) is
“broadcast” as a stream of time division multiplexed (TDM)
data frames in the downstream direction, over a branched
optical fibre network, to multiple optical network units
(ONUs), or terminations, typically in customer premises.

Using TPON as an example, ranging is a known process
that enables an ONU to transmit data upstream, for example
using a time division multiple access (TDMA) protocol,
without it being corrupted by data transmitted by other
ONUs. In effect ranging compensates for the difference in
transmission times between ONUs and the head-end to
prevent data from the ONUs, arising from requests from the
head-end, colliding at the head-end.

A system of managing data transport, in particular for
TPON, in digital communications networks, including a
ranging process, is described in the applicants’ European
patent EP 318 332 B1. In the system described in this patent,
the bandwidth in the upstream and downstream directions is
arranged into “multiframes”, comprising 80 basic frames
(for carrying data and housekeeping information) and two
basic frames (the ranging slot) for ranging. European patent
specification 0618444A concerns a similar system where
however coarse ranging signals from an outstation are
transmitted at low magnitudes for the duration of a complete
multiframe but sampled at the main station only during a
ranging window during which other outstations transmit no
data. European patent specification 061443A discusses the
use of a quasi-oversampled ranging bit pattern for this
purpose.

In this description, where necessary for reasons of clarity,
the terms “frame” and “slot” are used interchangeably.

In the ranging process, the round-trip time between the
head-end and each ONU is determined and a programmable
transmission time delay is added to each ONU so that all
ONUs have, effectively, the same round-trip time. Typically,
the process needs to be accurate to within one data bit.

Ranging generally takes two forms: coarse ranging and
fine ranging. Both forms of ranging use a dedicated ranging
slot (in TPON, the ranging slot represents less than 2.5% of
the available bandwidth of the system). Coarse ranging takes
place typically before “on-line” data communications
between the head-end and an ONU can begin. Once coarse
ranging is complete, for example to an accuracy of 50 ns for
TPON, fine ranging is initiated which brings the accuracy up
to within 5 ns (within 1 bit period). Fine ranging then
continues to operate during normal, “on-line” communica-
tions to compensate for drift in the optical system. In the
context of this patent specification, “on-line” encompasses
when communications between users of a communications
network is possible by, for example, telephony, facsimile,
television, etc. “Off-line” communications encompasses, for
example, system management communications between
components of the communications network, for example
coarse ranging. System management communications, such
as fine ranging, is also possible during on-line operation,
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using for example dedicated control channels. However,
on-line communications is not possible when, for example,
the required ONU or head-end is off-line.

In practice the coarse ranging process typically also
involves an initial “levelling” procedure to establish an
appropriate optical power level at the ONU. For levelling
purposes, in response to a signal from the head-end the ONU
transmits one pulse in each of a series of ranging slots at a
low optical power and increases the optical power until the
head-end receives a pulse within its dynamic range. Only
then is the coarse ranging procedure started. The combina-
tion of levelling and ranging can result in the ranging slot
being used many times by the same ONU to adjust its optical
power and obtain a correct delay. For convenience, and
unless otherwise stated, references to coarse ranging on
start-up should be taken to include levelling.

Using TPON as an example, for a PON having 128 ONUs
and implementing 10 ms duration multiframes comprising
82 basic frames of 121.9 us duration (only two basic frames
in each multiframe being allocated to ranging), ranging for
all ONUs would take up to 5.12 seconds, assuming four
ranging slots to range one ONU. While around 5 seconds
might not seem a long time, if it is considered that this time
represents a network down-time or “dead zone”, it can be
appreciated that it is a significant amount of time, after, for
example, a physical re-configuration of a PON or a head-end
crash and before communications may be re-established.

Recently, the PON concept has been extended by incor-
porating optical amplification stages into one or more of the
optical fibre branches of a PON. SuperPONs can have a far
greater reach than a standard PON, and can serve around
3500 ONUs.

Applying the values of the above ranging example to
ranging a SuperPON, ranging would take around 140 sec-
onds. However, in reality ranging for a SuperPON would
take much longer when account is taken of the greater reach,
and hence the greater round trip delays, of the SuperPON. In
fact, the applicants have shown that ranging all ONUs in a
SuperPON may take as long as an hour, which as a dead
zone is totally unacceptable.

SUMMARY OF THE INVENTION

In accordance with a first aspect, the present invention
provides a communications network comprising a central
station and a plurality of outstations for transmitting signals
on an upstream channel to the central station using time
division multiple access (TDMA) and receiving signals on a
downstream channel from the central station using time
division multiplex (TDM), in which each outstation has
timing means for applying to its transmissions a timing
adjustment determined by a ranging operation for that
station, to compensate for differing transmission delays from
the outstations to the central station, and in which the
network is operable:

(a) in an operational mode in which the outstations
transmit to the central station in a frame structure
having a plurality of frames containing traffic data and
at least one frame reserved for ranging operations; and

(b) in a startup mode in which ranging operations are
performed, and in which outstations in respect of which
the ranging operation has been performed refrain from
transmitting traffic data until after the ranging operation
has been performed in respect of further outstations,
whereby capacity on said upstream channel is made
available to permit more frequent ranging operations
than is possible in said operational mode.
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The invention has an advantage that initial levelling and
ranging can be carried out in the startup mode in which the
network is not restricted to using one ranging slot in every
n slots (where, as in the example above, a ranging slot is
represented by two basic frames and n represents 80 basic
frames, and as a result only %4oth of the available frame time
is utilised). In effect there is a rapid exchange of ranging
signals between the central station and the outstations and,
as a result, network down-time is minimised in the event a
whole network requires ranging. In one possible embodi-
ment of the invention, using the above example as a basis,
in the second mode the 80 basic frames of the multi-frame
would be replaced by 40 ranging frames, representing a
40-fold decrease in the time needed for ranging the whole
network (that is to say, ranging could be achieved in around
128 ms). An example of when a whole network needs
ranging is in a PON, or a SuperPON, when one head-end
fails and a back-up head-end needs to be “switched in”.

The invention introduces the concept of fast, or “start-up”
ranging where all ONUs, or indeed other types of
outstations, are ranged before any “on-line” communica-
tions can begin. Obviously, this concept is not limited to
TPON, but rather may be applied to any form of broadcast
communications network where fast start-up ranging is
essential.

In a preferred embodiment of the invention, the transmis-
sion paths are provided by a PON. Typically the branches of
the PON comprise optical fibre transmission lines and the
splits are provided by m:n passive optical splitters. m:n
splitters have an advantage over 1:n splitters that multiple
(m) inputs allow one or more backup head-end(s), which
improves overall network resilience. Furthermore, one or
more of the optical fibre branches may comprise or include
optical amplification means, for example an optical fibre
amplifier. Such amplification extends the reach and/or the
split capacity of the optical network.

The skilled person in the art of digital communications
will appreciate, as indicated above, that the present inven-
tion is applicable to any type of communications network
having one or more stations broadcasting data in data frames
or slots to multiple outstations and outstations transmitting
back to the central station. Such networks may be referred
to generically as “point-to-multipoint” communications net-
works For example, the ranging method might be applied to
a geostationary satellite which broadcasts downstream data
in slots to a plurality of groundstations, and each ground-
station needs to send data upstream in specific slots. The
start-up ranging in this instance would be required to estab-
lish the respective transmission delays between each
groundstation and the satellite before on-line communica-
tions could commence. Subsequently, fine ranging would be
used in the normal way to compensate for small changes in
position of the satellite. The transmission paths in this
instance would obviously be line-of-sight paths through
space and the Earth’s atmosphere. Similarly, the invention
may be applied to a scenario including a single groundsta-
tion and multiple satellites.

The invention obviously also applies to other configura-
tions of passive optical network, for example a star optical
network, and to electrical networks, for example co-axial or
copper transmission networks, or to other possible combi-
nations of network or transmission medium type.

In one form of the invention, a head-end, for example, is
in communication with a plurality of intermediate stations,
for example repeaters, and it is the intermediate stations
which are responsible for the ranging of their own set of
outstations, for example ONUs. In this case, within the
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meaning of the invention, the intermediate stations would
each act as a central station for the outstations in their
separate networks. A system of this type is described in the
applicant’s copending European patent application
94308676.9, corresponding to International publication No.
W096/16490.

In accordance with a second aspect, the present invention
provides a method of operating a communication network
comprising a central station and a plurality of outstations,
including for transmitting signals on an upstream channel
from the outstations to the central station using time division
multiple access (TDMA) and transmitting signals on a
downstream channel from the central station to the outsta-
tions using time division multiplex (TDM), and including
performing ranging operations to determine timing adjust-
ments which are applied by the outstations to their trans-
missions to compensate for differing transmission delays
from the outstations to the central station, wherein the
method includes the steps of:

(a) in an operational mode, transmitting from the outsta-
tions to the central station in a frame structure having
a plurality of frames containing traffic data and at least
one frame reserved for ranging operations; and

(b) in a startup mode, performing ranging operations, and
refraining from transmitting traffic data from outsta-
tions in respect of which the ranging operation has been
performed until after the ranging operation has been
performed in respect of further outstations, whereby
capacity on said upstream channel is made available to
permit more frequent ranging operations than is pos-
sible in said operational mode.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention will now be
described in more detail, by way of example only, and with
reference to the accompanying drawings, in which:

FIG. 1 is a diagram which illustrates the structure of an
advanced PON;

FIG. 2 is a block diagram which represents the advanced
PON of FIG. 1;

FIG. 3 is a timing diagram which illustrates the pipelined
nature of start-up ranging of a single ONU of the advanced
PON of FIG. 1; and

FIG. 4 shows the data sequence from the head-end to an
ONU to affect start-up ranging.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description considers the start-up ranging
procedure in accordance with the present invention, of an
advanced PON.

The skilled person will appreciate that start-up ranging is
independent of how subsequent on-line data communica-
tions are managed. For example, the on-line communica-
tions may be TPON, which can be managed as described in
the applicants’ European patent 0318332 referenced above,
or might be asynchronous transfer mode-based PON
(APON), as described in the applicant’s granted European
patent 337619B1.

FIG. 1 shows a schematic diagram of an advanced PON
in which start-up ranging might be implemented. The net-
work achieves full duplex operation using parallel upstream
and downstream simplex paths. The use of separate
upstream and downstream paths is technically the simplest
solution to full duplex operation since there is no cross-talk
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between upstream and downstream channels. However, the
use of parallel networks does incur extra costs due to the
requirement for double the amount of optical fibre in the
PON compared with a single fibre, for example, WDM
arrangement, where upstream and downstream channels
travel over the same optical fibres in opposite directions at
different wavelengths.

The advanced PON comprises a head-end 10, a feeder
network 11, a distribution network 13 and customer ONUs
15, only one of which is shown for the sake of clarity. The
feeder network 11 comprises downstream and upstream
feeders, referenced 12 and 14 respectively, which extend the
reach of the PON. An optical amplifier 16 and a repeater 18
are included in the feeder network 11 to enable the PON to
have a large split, to potentially many thousands of ONUs
and a long reach, potentially extending to many hundreds of
kilometres.

The downstream amplifier 16 is an erbium-doped fibre
amplifier, of known type. A digital repeater 18 in the
upstream is used to reduce the noise that is transmitted
upstream. The downstream data transport is a TDM signal,
whilst the upstream data transport is TDMA, with data being
packetised.

FIG. 2 shows a block diagram of the functional elements,
used for start-up ranging, in a PON head-end 10 and in a
single ONU 15. The head-end 10 comprises three sections,
namely an upstream section 20, a ranging control section 22
and a downstream section 24.

The upstream section comprises a photo-receiver 206, and
a demultiplexer 204 connected to the photo-receiver. The
photo-receiver 206 receives upstream optical data from the
ONU 15 which it converts into an electrical signal. The
electrical signal passes to the demultiplexer 204 which
separates data channels from different ONUs.

The ranging control section 22 comprises a ranging
controller 224, connected to which are a counter 226 and a
ranging pulse detector 222. The demultiplexed signal from
the demultiplexer 204 passes to the ranging pulse detector
222 in the ranging control section 22 of the head-end 10.
During initial start-up ranging, the only data received are
ranging pulses from ONUs, hence the detector 222 needs
only to be able to detect an electrical pulse. For example, it
may be a simple trigger circuit.

A detection signal, generated by the ranging pulse detec-
tor 222 when it receives a ranging pulse, passes to the
ranging controller 224. The ranging controller 224 also
receives a timing signal from the counter 226.

The downstream section 24 includes a multiplexer 242,
and a laser transmitter 244 connected to the multiplexer 242.
The multiplexer is also connected to the ranging controller
224. The multiplexer combines downstream electrical data
channels from a trunk network (not shown) and an electrical
ranging control channel received from the ranging controller
224. The laser transmitter 244 transmits the electrically
multiplexed signal downstream as an optical signal.

The ONU 15 comprises three sections, which are in effect
similar to the sections in the head-end 10. The three sections
are a downstream section 26, a ranging control section 28
and an upstream section 29.

The ONU downstream section 26 includes a photo-
receiver 262, a demultiplexer 264 which is connected to the
photo-receiver 262, a frame word alignment detector 266
which is connected to the demultiplexer 264, and a ranging
channel selector 268 which is connected to the frame word
alignment detector 266 and is also connected to the demul-
tiplexer 264.
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A converted optical-to-electrical signal from the photo-
receiver 262 passes to the demultiplexer 264. The demulti-
plexed signal passes to the frame alignment word detector
266 which identifies a frame alignment word in a frame
alignment channel generated by the head-end 10 in all
downstream communications. The ranging channel selector
268 sclects, from the demultiplexed signal, the ranging
control channel generated by the head-end ranging control-
ler 224. This selection is made possible because the position
of the ranging channel in relation to the frame alignment
channel is a pre-determined relationship which is pro-
grammed into the ranging channel selector.

The ranging control section 28 comprises a ranging
controller 284 connected to the ranging channel selector
268, a counter 282 in connection with the ranging controller
284, and a ranging pulse generator 286 connected to both the
counter 282 and the ranging controller 284.

In the ONU ranging control section 28, the ranging
information in the selected ranging channel is received by
the ranging controller 284. The ranging controller 284
controls a counter re-set line 285 connected to the counter
282. The counter 282 is in synchronism with the head-end
counter 226. Synchronism is achieved using simple electri-
cal circuitry (not shown) which detects bit inversions in the
downstream data signal. The ranging pulse generator 286 is
controlled by the ranging controller 284, and receives its
timing from the counter 282, as described below.

The ONU downstream section 26 comprises a multiplexer
264 which is connected to a packetiser (not shown) and the
ranging pulse generator 286, and a photo-receiver 262 which
is connected to the multiplexer.

In the ONU upstream section 29, the multiplexer 294
combines a ranging pulse provided by the ranging pulse
generator 286 with upstream data channels, from the pack-
etiser (not shown). The data is transmitted upstream by the
laser transmitter 292.

The counters 226 and 282 are arranged to have equal fixed
count periods during which time they accumulate, or count.
At the beginning of each period, the counters reset to zero.
The fixed periods are arranged to be at least as great as the
maximum round trip delay between the head-end 10 and the
ONU 15. For example, the maximum round trip delay for a
300 km SuperPON is 3 ms, in which case the count period
for both counters would be set to 3 ms. Typically, both
counters take their timing from a system clock (not shown)
which synchronises the whole network. However, the sys-
tem clock runs at a far higher bit rate, for example at up to
1.2 Gbit/s, than that required for the counters, and therefore
the counter rate is divided down to a count of 1.2/n Gbitis,
where n is an integer value.

The number of counts per period determines the accuracy
of the start-up ranging process. For example, 125000 counts
per period enables start-up ranging accuracy to 16 bits
(assuming a 2 Mbit/s ranging channel), in which case the
value of n is 9600.

An example of the start-up ranging procedure will now be
described with reference to the timing diagram in FIG. 3. In
FIG. 3, which is not to scale, it is assumed that the head-end
and ONU counters 226 and 282 are synchronous but not in
phase with each other.

For simplicity, an arbitrary count cycle of 100 counts per
period will be used to demonstrate how start-up ranging is
achieved.

At point A (in FIG. 3), the head-end ranging controller
224 sends a ranging control signal (the form of which is
described below in more detail), to the downstream section
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24 of the head-end 10, to be forwarded in a downstream
multiplexed signal to the ONU 15.

The multiplexed signal is received by the photo-receiver
292 in the ONU 15. The ranging control signal is extracted
by the ranging channel selector 268 and forwarded to the
ONU ranging controller 284, which receives the signal, at
point B.

The ranging control signal sets the ONU ranging control-
ler 284 into its ranging mode.

The ONU ranging controller 284 instructs the ranging
pulse generator 286 to return a ranging pulse, via the
upstream section 29 of the ONU 15, to the head-end 10. The
ranging pulse generator 286 awaits the next reset (or zero
count) of the counter 282 and, at point C, generates the
ranging pulse to be transmitted to the head-end 10.

On receipt of the ranging pulse, the ranging pulse detector
222 signals to the ranging controller 224 that the ranging
pulse has arrived, at point D.

The ranging controller 224 associates the arrival of the
pulse (point D) with a count value t from the counter 226.
The count value T, at point D, equals the number of counts
by which transmission by the ONU 15 should be delayed to
ensure that a pulse transmitted from the ONU at a count
value of zero at the counter 282 reaches the head-end 10 at
a count value of zero at the counter 226.

To effect such a delay, the head-end ranging controller
224, at point E, provides a message to be transmitted to the
ONU ranging controller 284, which informs the ONU rang-
ing controller to delay upstream transmission by the appro-
priate value 7.

The message from the head-end ranging controller 224 is
received by the ONU ranging controller 284, at point F. The
next time the counter 282 should reset to zero, at point G, the
ranging controller 284 signals to the counter 282 to reset to
a count value of T, thus providing a count delay of .

Thus, the next time a ranging pulse is transmitted by the
ONU 1 § at a counter value of zero, point H, of the counter
282, the pulse should arrive at the head-end 10 when the
head-end counter 226 is also at zero, at point I.

In accordance with the above ranging process, an ONU in
a 300 km SuperPON can be ranged in as little as 12 ms.

For 3500 ONUs, this would allow full ranging, ignoring
levelling, in just over 30 seconds.

In practice, the system cannot be assumed to be noise-
free, and checks should be performed. This might lengthen
the ranging cycle of a single ONU to 15 ms, increasing the
total time to range to just under 1 min. To achieve ranging
in this time requires all available upstream bandwidth, that
is, no data traffic can be transmitted on the upstream.

FIG. 4 illustrates the information broadcast by a head-end
to initiate start-up ranging. It should be remembered that no
on-line data interchange is taking place and that all ONUs in
the PON are in a standby mode, “listening” for a broadcast
from the head-end.

The information generated by the ranging controller
includes a 2-byte field 50 containing an ONU address, which
identifies which ONU is to be ranged, and a 2-byte field 52
which all ONUs recognise as a “start ranging” control
command. All ONUs receive this broadcast information, but
only the one which is identified in the address field reacts by
returning a ranging pulse. Having sent the ONU address and
ranging command, the head-end 10 waits for a return signal.
The waiting time is known as an idle time 54, since the
head-end does nothing, unless of course no response occurs
within a pre-determined “failure” time.
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On receipt of the ranging pulse, the head-end ranging
control 224 calculates the amount of required delay and then
addresses the same ONU in a further 2-byte address field 56
followed by a 2-byte reset value field 58 containing the delay
T, in number of counts. The ranging procedure may be
repeated for the same ONU to check that correct counter
alignment has been achieved.

Once the head-end 10 is satisfied that an ONU has been
ranged, the next ONU is addressed.

When all ONUs have been successfully start-up ranged,
fine ranging, if required, and on-line data communications
including fine, corrective ranging can proceed, as described,
for example in the Applicants’ European patent EP 318 332
B1, referenced above.

Although FIG. 2 represents a system suitable for start-up
ranging in accordance with the present invention, the head-
end upstream and downstream sections, 20 and 24, and the
ONU downstream and upstream sections, 26 and 29, are
used for both start-up ranging and subsequent off-line and
on-line communications. The ranging control sections 22
and 28 are however used substantially only for start-up
ranging purposes, with the exception of the counter 282. The
ranging controllers 224 and 284 could be realised in soft-
ware in suitable programmable computers. However, the
high speed of the communications involved (although not as
high as the main upstream and downstream data rates)
would typically warrant the use of custom-built hardware
circuits.

The counter 282 has a further connection (not shown) to
an upstream scheduler (not shown) in the ONU. Once
start-up ranging is completed, the upstream scheduler
receives the count value from the counter 282, in combina-
tion with any other ranging, for example fine ranging. The
scheduler buffers upstream data and forwards it to the
multiplexer 294 to be transmitted upstream at the correct
time. Typically, data is sent upstream at a fixed offset, which
is different for each ONU, from the zero count of the counter
282. The offset for each ONU is determined by the head-end.

The method and apparatus described above reflect one
simple embodiment of how start-up ranging may be
achieved. The teaching in the description may be adapted by
the skilled person to suit many variants of the invention
without moving outside the essence of the invention. For
example, synchronisation may be achieved using a synchro-
nisation reference signal from the head-end rather than
relying on the need to synchronise an ONU counter with a
head-end counter. However, it is believed that the present
description reflects one of the simplest ways of achieving
start-up ranging.

The skilled person will appreciate that whilst the forego-
ing example of start-up ranging is specific to a digital
communications network incorporating a PON, the concept
of start-up ranging described in detail in this specification
can be applied to any form of network incorporating a
central station which broadcasts information to multiple
outstations, where outstation communications with the cen-
tral station is susceptible to initial synchronisation using
start-up ranging.

What is claimed is:

1. A communications network comprising a central station
and a plurality of outstations for transmitting signals on an
upstream channel to the central station using time division
multiple access and receiving signals on a downstream
channel from the central station using time division
multiplex, in which each outstation has timing means for
applying to its transmissions a timing adjustment deter-
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mined by a ranging operation for that station, to compensate
for differing transmission delays from the outstations to the
central station, and in which the network is operable:

(2) in an operational mode in which the outstations
transmit to the central station in a frame structure
having a plurality of frames containing traffic data and
at least one frame reserved for ranging operations; and

(b) in a start-up mode in which ranging operations are
performed, and in which outstations in respect of which
the ranging operations has been performed refrain from
transmitting traffic data until after the ranging operation
has been performed in respect of further outstations,
whereby capacity on said upstream channel is made
available to permit more frequent ranging operations
than is possible in said operational mode.

2. A communications network according to claim 1, in

which the central station comprises:
means for transmitting a first signal to a given outstation;
and
means responsive to the time of receipt of a second signal
from the outstation to determine the time difference
between the actual time of receipt of the second signal
and a required time for receipt and for transmitting to
the outstation a third signal representative of the
difference, and each outstation comprises:
means responsive to the receipt of said first signal to
transmit said second signal at a reference time; and

means responsive to said third signal to change said
reference time such that subsequent signals from the
outstation arrive at the required time.

3. A network according to claim 2, in which the central
station has a cyclic counter;

each outstation has a cyclic counter having a controllable
phase relationship with the cyclic counter at the central
station and arranged to be synchronized to the counter
of the central station, and

at each outstation the means to change the reference time
changes the phase of the cyclic counter associated with
that outstation relative to the phase of the cyclic counter
associated with the central station, wherein the phase
change to the cyclic counter associated with the out-
station is an amount determined by the third signal.

4. A network according to claim 1, wherein the channels
are provided by a passive optical network.

5. A network according to claim 4, wherein the passive
optical network comprises at least one optical fiber branch
which includes optical amplification means.

6. A method of operating a communication network
comprising a central station and a plurality of outstations,
including for transmitting signals on an upstream channel
from the outstations to the central station using time division
multiple access and transmitting signals on a downstream
channel from the central station to the outstations using time
division multiple, and including performing ranging opera-
tions to determine timing adjustments which are applied by
the outstations to their transmissions to compensate for
differing transmission delays from the outstations to the
central station, wherein the method comprises:

(2) in an operational mode, transmitting from the outsta-

tions to the central station in a frame structure having
a plurality of frames containing traffic data and at least
one frame reserved for ranging operations; and

(b) in a start-up mode, performing ranging operations, and
refraining from transmitting traffic data from outsta-
tions in respect of which the ranging operation has been
performed until after the ranging operation has been
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performed in respect of further outstations, whereby
capacity on said upstream channel is made available to
permit more frequent ranging operations than is pos-
sible in said operational mode.
7. A method according to claim 6 in which the ranging
operation further comprises the steps of:

a. transmitting a first signal from the central station to a
given outstation to cause the outstation to return a
second signal at a reference time to the central station;

b. receiving at the central station the second signal,
determining the time difference between the actual time
of receipt of the second signal and a required time for
receipt and generating a third signal for causing the
outstation to change said reference time such that
subsequent signals from the- outstation arrive at the
required time, wherein said operation is repeated for
each outstation in the network.

8. A method according to claim 6, in which the central
station has a cyclic counter and each outstation has a cyclic
counter synchronized to the counter of the central station
and the said change of the reference time for any outstation
is effected by changing the phase of the cyclic counter
associated with that outstation relative to phase of the cyclic
counter associated with the central station.

9. A method according to claim 6, wherein the channels
are provide by a passive optical network.

10. A method according to claim 9, wherein the passive
optical network comprises at least one optical fiber branch
which includes optical amplification means.

11. A communications network comprising a central sta-
tion and a plurality of outstations for transmitting signals on
an upstream channel to the central station using time divi-
sion multiple access and receiving signals on a downstream
channel from the central station using time division
multiplex, in which each outstation has timing means for
applying to its transmissions a timing adjustment deter-
mined by a ranging operation for that station, to compensate
for differing transmission delays from the outstations to the
central station, and in which the network is operable:

(a) in an operational mode in which the outstations
transmit to the central station in a frame structure in
which a plurality m of frames containing traffic data
and n frames reserved for ranging operations form a
multiframe of given duration, n and m being integers,
m being greater than n and n being 1 or more,

(b) in a start-up mode in which ranging operations are
performed, and in which outstations in respect of which
the ranging operation has been performed refrain from
transmitting traffic data until after the ranging operation
has been performed in respect of further outstations, so
that in place of frames containing traffic data an
increased number, p, of ranging frames occur in a
multi-frame of said given duration, p being greater than
n.

12. A method of operating a communication network
comprising a central station and a plurality of outstations,
including for transmitting signals on an upstream channel
from the outstations to the central station using time division
multiple access and transmitting signals on a downstream
channel from the central station to the outstations using time
division multiplex, and including performing ranging opera-
tions to determine timing adjustments which are applied by
the outstations to their transmission to compensate for
differing transmission delays from the outstations to the
central station, wherein the method comprises:
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(a) in an operational mode, in which transmission
between the outstations and the central station is
arranged as a sequence, m, of multi-frames, each multi-
frame being of a given duration, having a plurality of
frames containing traffic data and n frames reserved for
ranging operations, m and n being integers, m being
greater than n, and n being one or more;

(b) in a start up mode, performing ranging operations, and
refraining from transmitting traffic data from outsta-
tions in respect of which the ranging operation has been

12

performed until after the ranging operation has been
performed in respect of further outstations, so that
within a multi-frame of said given duration, in place of
frames containing traffic data additional frames are
available for ranging so that the rate of ranging during
the start up mode can be increased compared to that
possible in the operational mode.

#* #* #* #* #*
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