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METHOD AND SYSTEM FOR IDENTIFICATION OF CHANNELS
IN AN OPTICAL NETWORK

RELATED APPLICATIONS

[0001] This application relates to U.S. Patent Application.

Serial No. 10/259,290 to Obeda, P.D., et al, filed on 30

September 2002, and entitled “Method and System for
Identification of Channels in an Optical Network” [parent
application] and claims priority from U.S. Continuation;ln—
Part [of said parent application] Patent Application Serial No.
10/452,511 to Obeda, P.D., et al, filed on 3 June 2003, and
also entitled “Method and System for Identification of

Channels in an Optical Network”.

FIELD OF THE INVENTION
[0002] The invention relates to optical networks, and, in-
particular, to the method and system for identification of

channels in an opﬁical network.

BACKGROUND OF THE INVENTION

[0003] As communications networks become more complex, the
task of network management becomes increasingly difficult. An
important aspect of network management is an identification
and accurate record of optical channels in the network, and
knowledge of the allocation of channels to the network
elements, e.g., to optical links. This may involve knowledge
of the allocation of channels to respective optical fibers and

optical band filters within the nodes.

[0004] One of the common methods for the identification of

a channel in an optical network is to modulate the channel

SUBSTITUTE SHEET (RULE 26)
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with é low frequency tone, where the tone uniquely identifies
the channel wavelength in the network. A network management
server (NMS) associated with network nodes is responsible for
mapping each channel with a unique tone, and for keeping track

of tones available for channel identification.

[0005] However, due to the limited number of tones that.
can be released in a network, this method may not be suitable
for large networks having a large number of optical channels
and/or when additional information about the network
components needs to be carried with the channel, or, e.g.,

when tone allocation is.accompanied by certain restrictions.

[0006] Therefore, a need exists in the industry for the
development of an improved method for channel identification
which would be flexible, cost-efficient and reliable, while
suitable for channel ID in large networks and/or providing
additional information about the network, especially when
certain restrictions are imposed on the tone allocation in the

network.

SUMMARY OF THE INVENTION

[0007] It is therefore an object of the invention to
provide channel identification in an optical network that

would avoid or minimize the above-mentioned drawbacks.

[0008] According to one aspect of the invention there is
provided a method for identifying an optical channel in an
optical network, comprising the steps of marking ﬁhe channel
with é unique combination of two or more identification tags,

the combination of identification tags being referred to as a

SUBSTITUTE SHEET (RULE 26)
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channel signature, to identify the channel in the network, and
detecting the channel signature at various locations in the
network. Preferably, the identification tagé are encoded onto
the channel, and the identification tags are low frequency
dither tones. The step of modulating with the tones
beneficially comprises one of the following types of
modulation: amplitude modulation, frequency modulation, phase
modulation, and polarization modulation. Conveniently, the
tones are modulated onto the channel either simultaneously or
consecutively, or the tones are modulated onto the channel

using combinations of simultaneous and consecutive modulation.

[0009] For example, the step of modulating the tones onto
the channel consecutively may comprise modulating the tones in
a predetermined order so as to form a repeating consecutive -
sequence of tones, the repeating consecutive sequence of tones
being the channel signature. If required, the step of.
consecutively modulating the tones so as to.form the repeating
consecutive sequence of tones may comprise modulating the
tones so as to form the repeating consecutive sequence of

tones, in which each tone is being used only once.

[0010] Alternatively, the step of modulating the tones
onto the channel consecutively may comprise modulating two
tones "L" times in total so as to form a repeating digital bit
sequence pattern of length "L", wherein one of the tones
represents a logical "0" value, and the other tone respresents
a logical "1n" value,‘the repeating digital bit sequence

pattern forming the channel signature or a part thereof.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/107625 PCT/CA2003/001829

[0011] In certéin cases it could be beneficial to modulate
the optical channel with three tones, or four tones forming
two pairs of tones.  Beneficially, the step of modulating the
channel with four tones comprises selecting the four tones so
that channel signatures for different channels in the network
are chosen so that, for channels destined to the same decoder
in the network, a list of individual tones used in the channel
signatures of said channels includes each tone only once.
Conveniently, the step of modulating comprises modulating the
two pairs of tones onto the channel alternatively so that at
any time only one of the two tone pairs is present. Similar to
the above, the step of modulating the tones onto the channel
consecutively may comprise modulating two tones pairs A
times in total so as to form a repeating digital bit sequence -
pattern of tone pairs of length "L", wherein one of the tone
pairs represents a logical "O0" value, and the other tone pair
respresents a logical "i" value, the repeating digital bit
sequence pattern of tone pairs forming the channel signature

or a part thereof.

[0012] Advantageously, the method further comprisés the
step of verifying one or more restrictions imposed on the
allocation of tones for the channel signature in the network,
the step of verifying being performed before the step of
marking. The verification step beneficially comprises
verifying that the tones in the channel signature are selected
so that the frequency difference between any two tones in the
channel signature is not less than a predetermined frequency
spacing. Due to restrictions imposed by the current technology
used by decoders in used today, this predetermined frequency

spacing is from, but not restricted to, a range of frequency-
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spacings from about 1 Hz to about 100 Hz, preferably from
about 8 Hz to about 10 Hz, but any frequency spacing méy be
used such that the tones may be reliably decoded. Gainfully,
the step of verifying the restrictions comprises veriinng
that channel signatures for different channels in the network
are chosen so that, for any number of channels destined to the
same decoder in the network where the tones are detected, a
list of individual tones used in the channel sighatures of

said channels includes each tone only once.

[0013] Beneficially, the method further comprises the
steps of maintaining a list of all tones to be used for
channel signatufes in the network, releasing tones in unique
cémbinations for use as channel signatures in the network, and
keeping track of tones available for further allocation to

channel signatures in the network.

[0014] There is also provided a system for identifying an
optical channel in an optical network, comprising means for
marking the channel with a unigque combination of two or more
identification tags, the combination of identification tags
being referred to as a channel signature, to identify the
channel in the network, and means for detecting the channel
signature at various locations in the network. The means for
mérking the channel usefully comprises an encoder for encoding
two or more low frequency dither tones onto the optical
channel, and the means for detecting comprises a decoder for
decoding said low frequency dither tones from the optical
channel. Usefully, the encoder includes means for modulating
the tones onto the channel either simultaneously or

consecutively, or modulating the tones onto the channel using
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combinations of simultaneous and consecutive modulation.
Gainfully, the system further comprises means for verifying
one or more restrictions imposed on the allocation of tones
for the channel signature in the network. The means for
verifying advantageously comprises one or more of the
following: means for verifying that the tones in the channel
signature are selected SO that the frequency difference
between any two tones in the channel signature is not less
than a predetermined frequency spacing, and means for
verif?ing that channel signatures for different channels in
the network are chosen so that, for any number of channels
destined to the same decoder in the network where the tones
are detected, a list of individual tones used in the channel
signatures of said channels includes each tone only once. The
system further comprises means for maintaining a list of all
tones to be used for channel signatures in the network, means
for releasing tones in unique combinations for use as channel
signatures in the network, and means for keeping track of
tones available for further allocation to channel signatures

in the network.

[0015] There is provided also a method for identifying an
optical channel in an optical network, comprising the steps of
marking the channel with a unique combination of two or more
identification tags, the combination of identification tags
being referred to as a channel signature, to uniquely identify
the channel in the network and one or more network parameters
associated with the channel, and detecting the channel
signature at various locations in the network. Usefully, the
step of marking comprises modulating the channel with the

identification tags, which are low frequency dither tones.
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Beneficially, the step of marking tﬂe channel comprises
allocating one of the tones, or, alternatively, two or more of
the tones, in the channel signature for identifying the
channel, and allocating one or more of the remaining tones in
the channel signature for identifying one or more parameters

in the network associated with the channel.

[0016] The step of allocating the remaining tones in the’
method gainfully comprises allocating the toneg for
identifying one or more of the following network parémeters
associated with the channel: an optical band including the
channel, a source node in the network where the channel
signature is marked, a destination node in the network where
the channel signature is detected, an optical fiber carrying
the channel, and an optical cable including the optical fiber
carrying the channel. The step of modulating with the tones
beneficially comprises one of the following types of
modulation: amplitude modulation, frequency modulation, phase
modulation, and polarization modulation. Conveniently, the
tones are modulated onto the channel either simultaneously or
consecutively, or the tones are modulated onto the channel

using combinations of simultaneous and consecutive modulation.

[0017] Advantageously, the method further comprises the
step of verifying one or more restrictions imposed on the
allocation of tones for the chénnel signature in the network,
the step of verifying being performed before the step of
marking. The verification step beneficially comprises
verifyiﬁg that the tones in the channel signature are selected
so‘that the frequency difference between any two tones in the

channel signature is not less than a predetermined frequency
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spacihg. Due to restrictions imposed by the.current technology
used by decoders in used today, this predetermined frequency
spacing is from, but not restricted to, a range of frequency
spacings from about l'Hz to about 100 Hz, preferably from
about 8 Hz to about 10 Hz, but any frequency spacing may be
used such that the tones may be reliably decoded.

[0018] Gainfully, the step of verifying the restrictions
comprises verifying that channel signatures-for‘differenf
channels in the network are chosen so that, for any number of
channels destined to the same decoder in the network where the
tones are detected, a list of individual tones used in the
channel signatures of said channels includes each tone only

once.

[0019] Beneficially, the method further comprises the
steps of maintaining a list of all tones to be used for
channel signatures in the network, releasing tones in unique
combinations for use as channel signatures in the network, and
keeping track of tones available for further allocation to
channel signatures in the network. Preferably, the channel
signature cbmprises a pair of two dither tones, and one of the
tones in the pair is allocated to identify the channel
wavelength, and the other tone in the pair is allocated to
identify one of the following network parameters: an optical
band including. the channel, a source node in the network where
the channel signature is marked, a destination node in the
network where the channel signature is detected, and an

optical fiber carrying the channel.
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[0020] The method further comprises the beneficial step of
selecting a plurality of unique pairs of tones, 'each tone in
each pair being selected from a tonespace comprising a limited
numBer of tones, and each pair of tones uniquely identifying
the channel and the associated parameter in the network.
Usefully, the step of selecting comprises the steps of:
partitioning the tonespace into M blocks, each block
comprising N tones, and selecting the two tones in the pair
from the same block, the tones in the block being used to
uniquely identify one channel and the associated parameter in

the network.

[0021] Beneficially, the step of selecting comprises the
steps of: partitioning the tonespace into a first segment and
a second segment, and partitioning each segment into M blocks,
and selecting one tone in the pair from a block from the first
segment, and the other tone in the pair from a block from the

second segment.

[0022] A system is also provided for identifying an optical
channel in an optical network, comprising means for marking
the channel with a unique combination of two or more
identification tags, the combination of identification tags
being referred to as a channel signature, to uniquely identify
the channel in the network and one or more network parameters
associated with the channel, and meansg for detecting the
channel signature at various locations in the -network. The
means for marking the channel usefully comprises means for
modulating the channel with the identification tags, which are
low frequency dither tones. Usefully, the means marking the

channel comprises means for allocating one of the tones in the
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channel signature for identifying the channel, and means for
allocating one or more of the remaining tones in the channel
signature for identifying one or more parameters in the
network associated with the channel. The mearns fof allocating
beneficially comprises means for allocating the tones for
identifying one or more of the following network parameters
associated with the channel: an optical ‘band including the
channel, 'a source node in the network where the channel-
signature is marked, a destination node in the network where
the channel signature is detected, an optical fiber carrying
the channel, and an optical cable including the optical fiber

carrying the channel.

[0023] Advantageously, the means for modulating with the
tones comprises means for modulating with one of the following
types of modulation: means for amplitude.modulation, means for
frequency modulation, means for phase modulation, and means
for polarization modulation; The encoder usefully includes
means for modulating the tones onto the channel either.
simultaneously or consecutively, or modulating the tones onto
the channel using combinations of simultaneous and consecutive

modulation.

[0024] Advantageously, the system further comprises means
for verifying one or more restrictions imposed on the
allocation of tones for the channel signature in the network.
The means for verification beneficially comprises means for
verifying that the tones in the channel signature are selected
so that the frequency difference between any two tones in the
channel signature is not less than a predetermined frequency

spacing. Due to restrictions’ imposed by the current technology

10
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used by decoders in used today, this predetermined frequency
spacing is from, but not restricted to, a range of frequency -
spacings from about 1 Hz to about 100 Hz, preferably from
about 8 Hz to about 10 Hz, although it is underétood that any
frequency spacing may be used such that the tones may be

reliably decoded.

[0025] Gainfully, the means for verifying the restrictions
comprises means for verifying that channel signatures for
different channels in the network are chosen so that, for any
number of channels destined to the same decoder in the network
where the tones are detected, a list of individual tones used
in the channel signatures of said channels includés each tone

only once.

[0026] Additionally, the system further comprises means
for maintaining a list of all tones to be used for channel
signatures in the network, means for releasing tones in unigue
combinations for use as channel signatures in the network, and
means for keeping track of tones available for further

allocation to channel signatures in the network.

[0027] Preferably, the means for marking comprises means
for marking the channel with the channel signature comprising
a pair of two dither tones, and usefully includes means for
allocating one of the tones in the pair to identify the
channel wavelength, and means for allocating the other tone in
the pair to identify one of the following network parameters:
an optical band including the channel, a source node in the
network where the channel signature is marked, a destination

node in the network where the channel signature is detected,

11
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and an optical fiber carrying the channel. Advantageously, the
system further comprises means for selecting a plurality of
unique pairs of toﬁes, each tone in each pair being selected
from a tonespace comprising a limited number of tohes, and
each pair of tones uniquely identifying the channel and the
associated parameter in the network. The means for selecting
usefully comprises means for partitioning the tonespace into M
blocks, each block comprising N tones, and means for selecting
the two tones in the pailr from the same block, the tones in
the block being used to uniquely identify one channel and the
associated parameter in the network. Beneficially, the means
for selecting comprises means for partitioning the tonespace
into a first and second segments, means for partitioning each
segment into M blocks, and means for selecting one tone in the
pair from a block from the first segment, and the other tone

in the pair from a block from the second segment.

[0028] Thus, a method and system are described that
provide a cost effective and reliable solution for
identification of a relatively large number of channels in an
optical network, while supplementing it with additional
information about other parameters in the network associated

with the channel.

BRIEF DESCRIPTION OF THE DRAWINGS
A [0029] Embodiments of the invention will now be described
with reference to the accompanying drawings in which:
[0030] Fig. 1 shows. an optical communications network for
illustrating methods for identification of optical channels in

an optical network according to embodiments of ‘the invention;

12

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/107625 PCT/CA2003/001829

[0031] Fig. 2 is an illustration of one form of an encoder
for modulating tones onto an optical channel within a node of
the network of Figure 1;

[0032] Fig. 3 illustrates one form of a decoder for
decoding tones from an optical channel within a node of the
network of Figure 1;

[0033] Fig. 4a illustrates a tonespace used in the
embodiments of the invention and correspondence between tone
frequencies and tone numbers within the tonespace;

[0034] Fig. 4b illustrates partitioning of tones in the
tonespace used in a method for identification of channels
according to a first embodiment of the invention;

[0035] Fig. 4c illustrates partitioning of tones in the
tonespace used in a method for identification of channels
according to a second embodiment of the invention;

4 [0036] Fig. 5 illustrates partitioning of tones in the
tonespace used in a method for identification of channels
according to a third embodiment of the invention;

[0037] Figures 6a, 6b and 6c illustrate partitioning of
tones in the tonespace used in a method for identification of
channels, according td a fourth embodiment of the invention;
and '

[0038] Fig. 7 is a table showing allocation of tones in

the tonespace in the method of Figure 6.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0039] A simple network configuration for illustrating
methods for identification of an optical channel (optical
wavelength) in an optical network according to the embodiments
of the invention is shown in Fig. 1. An optical channel is

marked with a unique .combination of two or more low frequency

13

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/107625 PCT/CA2003/001829

signals, hereinafter called tones or dither tones, which are
selected from a set of tones available for channel
identification. Typically, the tones are of a low frequeﬁcy,
for example in a range from about 1 kHz to about 100 kHz. The
set of tones released in a network and available for channel
identification is called the tonespace. The unique combination
of two or more tones chosen from the tonespace will be
referred to as channel signature. Since the number of
combinations of two or more tones in the tonespace is far
greater than the number of single tones in the tonespace, a
relatively large number of unique channel signatures may‘be

selected for the identification of channels in the network. -

[0040] Referring to Fig. 1, a simple optical communications
network lOIis illustrated, comprising a plurality of, in this
example two, nodes 12, identified individually as Node 1 and
Node 2, which are coupled together via an optical
communications path 14, e.g., an optical fiber, carrying . a
plurality of optical channels. Each of the nodes 12 comprises
a form of decoder 24 having input 11 and output 13 for
decoding low frequency tones from the optical channels, and an
encoder 26 having input 15 and output 17 for encoding -low
frequency tones onto the optical channels. The network 10 also
includes a network management system (NMS) 16, to which all of
the decoders 24 and encoders 26 on the nodes 12 are coupled
via communications paths 20, 22 represented by dashed lines.
The NMS 16 has a memory 18 for storing the allocation of tones
in ﬁhe network, and a processing unit 19 which is responsible
for assigning unique combinations of tones and keeping track
of tones available for further allocation to channel

gsignatures in the network. The communications paths 20, 22 can

14
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be optical or other types (e.g. electrical) of communications

paths.

[0041] Identification of a channel is performed as follows.
The decoder 24 decodes one or more tones modulated onto the
channel carried by the communicétions path 14, and
communicates the tones to the NMS 16 via communications path
20. The NMS 16 looks up the unique combination of tones, which
represents the channel signature, in a table in the memory 18

and thus maps the combination of tones onto the channel.

[0042] Similarly, to modulate a channel with a channel
signature, the NMS 16 looks up the channel in a table in the
memory 18, maps the channel into the unique combination of
tones, and sends the tones to the encoder 26 via ‘
communications path 22, where the tones are encoded onto the

optical channel carried by the optical communications path 14.

[0043] As is known in the art, such a communications
network may include an arbitrary number of nodes 12 and NMSs
16, which may be located together or separately from one
another, with various arrangements of communications paths 14
between the nodes 12, and NMSs 16 having the desired
configuration or topology. Furthermore, such a communications
network may be coupled to other similar or different
communications networks in various manners. Accordingly, Fig.
1 serves to illustrate a simple form of a network for the

purposes of describing embodiments of the invention.

[0044] Fig. 2 illustrates one form of encoder 26 which can

be used within nodes 12.
15
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[0045] Referring to Fig. 2, an optical channel to be
provided with a unique channel signature is supplied to the
encoder 26 via an optical path 14 at the input 15 of the
encoder 26, an electronic variable obtical attenuator (EVOA)
28, and an optical tap 30 to an output optical path 14 at the
output 17 of the encoder. A small portion, e.g. 4%, of the
optical channel which is tapped by the optical tap 30, is
detected by an optical detector 32, whose electrical output is
amplified and filtered by an Automatic Gain Control (AGC)

amplifier and filter unit 34, an output of which is supplied

to a digital signal processor (DSP) unit 36. The DSP unit 236

provides a controlled voltage bias to the EVOA 28 in

accordance with a respective tone for the optical channel,
with which the DSP unit 36 is supplied for example from the
NMS 16 via the communications path 22. The encoder of Fig. 2
can modulate the optical channel with a desired amplitﬁde
modulation depth, for example of about 1% to about 4%, at
frequencies up to about 1 MHz, to provide the desired form of

modulation on the optical signal.

[0046] Fig. 3 illustrates one form of the decoder 24 which .

can be used within nodes 12.

[0047] Referring to Fig. 3, an optical channel on an
optical path 14 is supplied at the input 11 of the decoder 24
and to an optical tap 38 to an output optical path 14 at the
output 13 of the decoder 24. A small portion, e.g. 4%, of the
optical channel which is tapped by the optical tap 38 is
detected by an optical detector 40, whose electrical output is

amplified and filtered by an AGC amplifier and filter unit 42,

16
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an output of which is supplied to a DSP unit 44. The DSP unit
44 derives the tones that are present in the optical channel
and provides these as an output to the NMS 16 via a
communications path 20. The NMS 16 maps the unique combination

of tones into a channel.

[0048] The forms and functions of the DSP units 36 and 44 -
depend on the particular form of tones used. For example, the
DSP unit 36 may incorporate a digital synthesizer and the DSP
unit 44 may incorporate a Fast Fourier Transform (FFT) or

Discrete Fourier Transform (DFT) function for detecting tones.

[0049] In the embodiments of the invention, the tonespace
will comprise 1600 tones available for use in channel
signatures. However, it is understood that this value is
chosen for illustrative purposes only, and any suitable number

of tones in the tonespace may be used as required.

[0050] One or more restrictions may be imposed on the

choice of tones used to generate a channel signature for

ridéntifying a channel in the network. Typically, the NMS

performs the necessary step of verifying the restrictions
imposed on the choice of tones before the channel is marked
with the channel signature. The set of 1600 tones 46 in the
tonespace of the embodiments of the invention is in the range
between 48 kHz and 64 kHz, with a predetermined frequency
spacing of 10 Hz between the tones. Thus, the frequency of any
tone in the tonespace will be (48000 + (tonenumber*10)) Hz,
where “tonenumber” represents the ordinal number of the tone,
for example, the first tone, second tone, and so on, in the

tonespace, as illustrated in Fig 4a.
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[0051] Fig. 4b illustrates partiﬁioning of tones in the
tonespace used in the method of identification of channels
according to the first embodiment of the invention. The |
tonespace 46 of 1600 tones -comprises M=32 blocks, each block
including N=50 tones and being used for identification of 32
channels in the network (channel 1 to channel 32). The first
block, labelled 48 in Fig. 4, comprises N=50 tones, where the.
first tone in the first block is labelled 56, the second tone
labelled 58, the third tone labelled 60, tohes 4 to 49 are
indicated by a dotted line and labelled 62, and the last
(50th) tone in the.first block is labelled 64. Similarly, the
gsecond block of N=50 tones is labelled 50, where the Ffirst
tone in the second block is labelled 66, the second tore
labelled 68, the third tone labelled 70, the fourth to the
49th tones are indicated by a dotted line and labelled ‘71, and
the last (50th) tone in the second block is labelled 72.
Blocks 3 to block 31 are indicated by a dotted line and
labelled 52. The last (Mth) block of N=50 tones is labelled
54, where the first tone in the last block is labelled 74, the
second tone labelled 76, the third tone labelled 78, tones 4
to tone 49 are indicated by a dotted line and labelled 79, and

. the last (50th) tone in the last block is labelled 80. The

tones in the first block 48 are used to generate a channel
signature for channel 1, the tones in the second block 50 are

used to generate a channel signature for channel 2, and so on.
[0052] The frequencies of tones in each block are chosen as
follows. In the first block (M=1), the first tone 56 is the

first tone in the tonespace 46, or tone #1, and is equivalent

to a frequency of 48000 Hz. The second tone 58 in the first
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block is tone #33, which is 32 tones higher than the first

tone 56,

higher than the first tone,
the first block is tone #1569,
than the first tone 56.

the third tone 60 is tone #65,

which is 32%2 tones
and the last tone 64 in
(32*%49)
In the second block 50

and so on,
which is tones higher

(M=2), the

first tone 66 is the second tone in the tonespace 46, or tone

#2, the second tone 68 is 32 tones higher than the first tone

66 or tone #34,

and so on,

and the last tone 72 in the second

block 50 is (32*49) tones higher than the first tone, or tone

#(2 +

(32%49)) =

tone #1570. The summary lists of tones used

in blocks M=1 to 3 and block M=32, which are used to identify

channels 1 to 3 and channel 32, respectively, are illustrated

in Table 1.
Channel |lists of tones
1 i, 33, 65, 97 ,...., 1505, 1537, 1569
2 2, 34, 66, 98 ,.’..., 1506, 1538, 1570
3 3, 35, 67, 89 ,...., 1507, 1539, 1571
32 32, 64, 96, 128,...., 1536, 1568, 1600

Table 1 -

{0053] For example, the first three tones used for

identification of channel 1 are tones #1,

#33, #65, and the

first three tones used for identifying channel 32 are tones

#32, #64 and #96. As mentioned above, a list of all tones to

be used for channel signatures in the network is maintained by

the NMS. The NMS also performs the necessary steps of

releasing tones in unique combinations for use as channel

signatures,

and keeping track of tones available for further

allocation to channel signatures in the network.
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[0054] To encode a channel, a channel signature i1s chosen
by the NMS by selecting a pair of tones from the block that
corresponds to thé channel. The number of pairs available for
each channel is calculated by the combinatoric function (50
CHOOSE 2) or C2, which is equivalent to (50!/(50-2)!21), or
1225 tone pairs. Table 2 illustrates examples of tone pairs
that uniquely identify channels 1 to 3 and channel 32 in the
network, the tones in the tone pair being selected from the
summary lists for corresponding channels from Table 1. For
example, the tones pairs (1,33) and (1,65) may be used to
uniquely identify two instances of channel 1 passing through,

e.g., two different optical fiber links in the network.

Channel | Example Tone pairs

1 (1,33), (1,65), (1,97),...,(1505,1537), (1537,1569)

2 ' (2,34), (2,66), (2,98),...,(1506,1538), (1538,1570)

3 “1(3,35), (3,67), (3,99),...,(1507,1539), (1539,1571)

32 (32,64), (32,96), (32,128),...,(1536,1600), (1568, 1600)
Table 2

[0055] At the beginning point, or origin, of each
identifiable optical link in the network is placed an encoder,
which modulates the channel signature, comprising the unique
combination of tones, onto the optical channel. Since each
encoder in the network is connected to only one decoder at the
destination of the optical link, the channel signature may be
used not only to uniquely identify the channel, but also to
identify the optical link carrying the channel, and/or the
origin and destination of the optical link carrying the

channel.
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[0056] Additionally, the described method of allocation of
tones into tone pairs guarantees that the tones within each
pair used for channel identification are separated within the
pair by at least 32 frequency spacings, or at least (32 * 10)
Hz = 320 Hz. This ensures a reduced interference of tones
within each bair due to effects such as leakage, which could
otherwise result in.errors in tone detection, especially when
the decoder has limited frequency resolution. As a result,

reliability of detection of tones in the network is enhanced.

[0057] Thus, a reliable method is provided for
identification of channels in an optical network that can
identify the required number of channels and other network

components, such as optical links carrying the channel.

[0058] When allocating channel signatures for
identification of optical channels in the network, preferably
the combinations of tones in the pairs used for indentifying
the same channel are chosen so that each tone is not used in
more than one pair. Different channel signatures may be used
for identification of the same channel in association with
other parameters in the network, e.g., links or fiber sections
carrying the channel. For example, consider the allocation of
the channel signature (1,33) to a first optical link carrying
channel 1, and (65,33) to a second optical link carrying
channel 1. In this case, both channel signatures are unique,
but both of them use the same tone, tone #33, in the channel
signature. If a fault occurs in the network causing a decoder
to detect only one tone, for example tone #33, then it is not

possible to determine if the channel was carried by the first
21
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optical link or the second optical link. However, if channelA
signatures are allocated so that tones are not reused, . then it
is possible to determine the optical link, or other network
component associated with the channel even though one of the
tones cannot be decoded, thus increasing reliability of

performance monitoring in the network.

[0059] Additionally, when allocating channel signatures for
identification of optical channels, combinations of tones in
the pairs have to.be chosen so that, for channels destined to
the same decoder in the network, a list of individual tones
used in the channel signatures of these channels includes each
tone only once. It prevents “collision” of channel signétures
for different channels and ensures that channels are reliably

detected by the decoder.

[0060] In the method of identification of channels in an
optical network according to a second embodiment of the
inyention ag illustrated in Fig. 4c, the tonespace 46 of 1600
tones is also partitioned into M=32 blocks of N=50 tones, the
tones in each block being used for the identificatioﬁ of one
of the M=32 channels in the network. Similar elements in Figs.
4b and 4c are labelled by the same reference numerals, with
the addition of the letter "a" in Fig. 4c. In this method, the
tones in each block are chosen as follows. In the first block
48a, the first tone 56a is the first tone in the tonespace, oxr
tone #1, which is equivalent to a frequency of 48000 Hz. The
second tone 58a is the second tone in the tonespace, or tone
#2, the third tone 60a is tone #3, and so on, and the last
tone 60a in the first block is tone #50. The tones in the

second block 50a are the next 50 tones in the tonespace,
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namely tones #51 to tone #100, and so on, and the tones in the
last (Mth) block 54a are the last 50 tones in the tonespace,
which are tones #1551 to tone #1600. The lists of tones used
in blocks 1 to 3 and block 32 used for identifying chénnels 1

to 3 and channel 32 respectively are illustrated in Table 3.

Channel | Summary list of tones

1 1, 2, 3,...,48,49,50

2 51,52,53,...,98,99,100

3 101,102,103, ...,148,149,150

32 1551,1552,1553, ...,1598,1599,1600
Table 3

[0061]. For example, the first three tones in the list used
for identifying a channel 1 are tones #1, #2 and #3, and the
first three tones in the list used for identifying channel 32

are tones #1551, #1552, and #1553.

[0062] To identify a channel in the network, a channel
signature is chosen by selecting a pair of tones from the
block that corresponds to the channel. Table 4 illustrates
some exemplary choices of tone: pairs to identify channels 1 to

3 and channel 32, respectively.

Channel | Example Tone pairs
1 (1,2),(1,3),(1,4),..... , (48,50), (49,50)
2 (51,52), (51,53), (51,54),..... , (98,100), (99,100)
3 (101,102), (101,103), (101,104), ....., (148,150), (149,150)
32 (1551,1552), {(1551,1553),
(1551,1554), ..., (1598,1600), (1599,1600)
23
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Table 4

[0063] For example, two channel signatures for channel 1
may be the pairs of tomnes (1,2) and (1,3). The number of pairs

of tones available for each channel is calculated by the

combinatoric function CZ . (50 CHOOSE 2), which evaluates to

1225 tone pairs. Pairs of tones associated with a particular
channel in the network are used to identify different
instances of the channel in the network, e.g., each pair of
tones associated with the channel may be used for a specified
section of the network, e.g., an optical fiber, or
alternatively it may be used to identify an encoder where the
tones were modulated onto the channel or to identify another -
element or parameter in the network. In this way, a simple
method is provided for identification of a channel and an

associated network parameter in an optical network.

[0064] Fig. 5 illustrates the partition of tones'used in a
method for identification of channels in an optical network
according to a third embodiment of the invention. In the third
embodiment, the tonespace 46 of 1600 tones is partitioned into
a S=2 segments of 800 tones, labelled 84 and 86, and each
segment of the tonespace comprises M=32 blocks of N=25 tones,
some of the blocks being shown and labelled 88 to 98 in Fig.
5. The first block in the first segment 84 is labelled 88, the
second block in the first segment 84 is labelled 90, and
blocks 3 to 32 in the first segment 84 are indicated by a
dotted line and labelled 92. The first block in the second
segment 86Vis labelled 94, the second block in the second
segment 86 is labelled 96, and blocks‘3‘to 32 in the second
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segment 86 are indicated by a dotted line and labelled 98. The
tones in the first block 88 in the first segment 84 are the
first 25 tones in the tonespace 46 shown as'in Fig. 1,
comprising tone #1, labelled 100, tone #2, labelled 102, and
tones #3 to #25, indicated by a dotted line and labelled 104.
The tones in the second block 96 in the first segment 84 are
the next 25 tones comprising tone #26, labelled 106, tone #27,
labelled 108, and tones #28 to #50, indicated by a dotted line
and labelled 110. The tones in the first block 94 -in the
second segment 86 comprise tone #801, labelled 112, tone #802,
labelled 114, and tones #803 to tone #825, indicated by a
dotted line and labelled 116. The tones in the second block 96
in the second segment 86 are the next 25 tones, comprising
tone #826, labelled 118, tone #827, labelled 120, and tones
#828 to #850, indicated by a dotted line and labelled 122.
Blocks 3 to 32 in the second segment 86 are indicated by a

dotted line and labelled 98.

[0065] Channel signatures for the channels are chosen by
selecting pairs in the following manner. The first tone in the
pair is chosen from one of the blocks in the first segmént,
the block in the first segment being used for identifying the
channel in question only. The second tone in the pair is
chosen from the block in the second segment with the same
ordinal number as the block used to choose the first tone in
the pair, the block in the second segment being used for
identifying the channel in question only. For example, if the
first tone in the pair is selected from block 88, then the
second tone in the pair is chosen from block 94, or
alternatively, if the first tone in the pair is chosen from

the block 90, then the secoﬁd tone in theypair is chosen from
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the block 96. The number of tone pairs available to identify
each channel is 625. Table 5 illustrates examples of channel
signatures used to identify channels one to three and channel
32, according to the described allocation scheme of the third

embodiment .

Channel | Example Tone pairs

1 (1,801),(1,802),...(25,824), (25, 825)

2 (26,826),(26,827),...(50,849), (50,850)

3 (51,851), (51,852),...(75,874), (75,875)

32 (775,1575), (775,1576) ,...(800,1599), (800, 1600)
Table 5

[0066] For example, two channel signatures for channel one
may be the pairs of tones (1,801) and (1,802), and a channel
signature for channel 32 may be (775,1575).

[0067] In the method for identification of channels in an
optical network according to a fourth embodiment of the
invention, the tonespace 46 of 1600 tones comprises M=20
blocks of N=80 tones, where each block corresponds to a band
of channels. Fig. 6a illustrating the partition of the
tonespace 46 into M blocks, each block indicated by dotted
lines and labelled 126. As illustrated in Fig. 6b in more
detail, the block 126 comprises two parts, 128 and 130. The
first part 128 of block 126 is a set of G=4 channel groups,
each indicated by dotted lines and labelled 132, where a
channel group is associated with the channel in a band of
channels. The second part 130 of the block 126 is a pool of
B=36 band tones associated with' the band carrying each of the

G=4 'channels in the channel groups 132. As illustrated in Fig.
26
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6c in more detail, the channel group 132 comprises C=11
channel tones, each labelled 134. In Fig. 6a, 6b and 6c, the
values of M, G, B and C have been chosen as 20, 4, 36 and 11,
respectively, although any suitable choice of values for M, G,

B and C may be used.

[0068] A channel signature comprising a pair of tones is
chosen in the following manner. The first tone in the pair is
chosen from one of the tones 134 in the channel group 132 in
the set of channel groups 128 in the block 126 associated with
the channel and the band carrying the channel. The first tone
in the pair is used to identify the channel only. The second
tone in the paif is chosen from the pool of band tones 130 in
the same block 126 used to select the first tone. The second
tone is used to identify the band carrying the channel only.
Table 6 illustrates the list of channel tones for a channel

group in a band, and the list of band tones for.the band. For

‘example, referring to table 6, to identify channel 1 in band

1, the first tone may be chosen as tone #1 from channel group
1, and the second tone may be chosen as tone #45 from the pool

of band tones for band 1.

Band | Channel Group |Channel tones Band Pool Tones

1 1 1,2,...,11 45,46,47,...,79,80

1 2 12,13,...,22 45,46,47,...,79,80

1 3 23,24,...,33 45,46,47,...,79,80

1 4 34,35,...,44 45,46,47,...,79,80

2 1 81,82,...,91 | 125,126,127,...,159,160

2 2 92,93,94,...,102 125,126,127, ...,159,160

20 1 1521,1522,...,1531 | 1545,1546,1547,...,1599,1600
Table 6
27
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[0069] In this way, each channel signature identifies a
channel and the band carrying the channel. Table 7 illustrates
some examples of channel signatures for channels one to four
in band one, channels one to .two in band two, and channel one

in band four.

Band | Channel | Example tone pairs

(1,45), (2,45)

(12,46), (13,49)

(23,80), (24,52)

(34,45), (35,80)

(81,125), (82,126)
(92,127), (93,128)

EY (ST S Y Y JyIrY QyiFy
IS N N} Y RENSS BIC) B Y

(775,1575), (800,1600)

Table 7

[0070] When choosing pairs of tones for each channel, the
same tone is'not used in more than one pair of tones for a
channel on the same fiber (and destined to the same decoder) .
For example, pairs (1,45) and (12,45) are not chosen to
identify two channels on the same fiber to avoid collision of
channel signature; and ensure that tones in the pairs are
distinctly detected by the decoder. In this way, a channel
signature uniquely identifies a channel and also a network

parameter associated with the channel.

[0071] The decoder 24 compares a combination of tones with
the list of expected tone combinations. If the decoded tone
combination is not found in the list of expected tone
combinations, then the tones comprising a bair are mismatched.
In this case, the NMS may generate an alarm for the band to

indicate a possible failure for the band.
28
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[0072] Thus, a reliable method is provided for
identification of a channel and an associated network
parameter in an optical network that can accommodate large
deviation Frequency Shift Keying (FSK) for Band Routing by
selecting a channel tone and a band tone in a unique

combination.

[0073] It will be apparent that any partition of M blocks
of N tones in a block may be used in the method of the fourth
embodiment of the invention,’ for example M=40 and N=40, or
M=80 and N=20. Also,’ any partition of C channel tones per
channel group, G channel groups per block, and B band tones
per block may be used. Different partitions of M, N, C, G and
B may be used, for example, where there are more or less
channels in a band, or more or less bands. The following
formula may be used to calculate Syana:, the total number of
channel signatures for a band; where G=4 channel groups per
band:

Sbana = C(N-4C) + (C CHOOSE 2)

[0074] The maximum value of N is found where the
derivative of the equation for Spana 1S zero, that is:

Soptima]_ = ROUND( (ZN - 1) / 14)
[0075] In this case, the total number of channel signatures
S is given by the formula

S = (C@2N -1) - 7C%) / 2

[0076] A physical restriction of the methods of embodiments

of the invention is associated with the resolution of the
29
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detector and is that, when choosing combinations of tones to
modulate a channel, any two tones in a channel signature must
have a predetermined frequency difference, for example around

1kHz, in order that each tone can be reliably detected.

[0077] The choice of tone pairs in the method according to
the fourth embodiment of the invention is.further restricted
by generation of a unique summary list across the network for
a channel in a band, where a summary list is a non-repeating
list of all tones used for the first and second tone of all

tone pairs used for a channel.

[0078] In the method of'identification of channels in an
optical network according to a fifth embodiment of the.
invention, -the tones comprising a channel signature are
selected from the tonespace 46 of 1600 tones without
partitioning the tonespace 46. A channel signature comprising
a pair of tones identifies a channel only, and is chosen in
the following manner. The first tone in the pair is chosen
from one of the tones in the tonespace 46. The second tone in
the pair is chosen from one of the remaining tones in the
tonespace 46. The‘combination of the first and second tone is
used to identify the channel only. The NMS 16 keééps track of
the channel signatures assigned to the channel, for all

channels.

[0079] Table 8 illustrates two example channel signatures

for channels one to four.
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Channel | Example tone pairs

1 (1,2), (3,4)

2 (889,190), (264,221)

3 (697,571), (327,1367)

4 (747,359), (5,6)
Table 8

[0080] In a modification to the first embodiment, a channel
signature may comprise three or more tones. If the channel
signature uses a set of three tones, the tones areiselected in
the same way as in the selection of tones for the first
embodiment, except that three tones are selected from -the
corresponding block for a channel signature. This increases
the number of sets available for each channel up to (50 CHOOSE
3) or CJ, which is equivalent to (50!/(50-3)131), or 19,600
tone sets. In another modification, when four tones are
selected from a block for a channel signature, the number of
sets available for identiinng each channel is increased even
further to be equal to (50 CHOOSE 4) or C4),, which is
equivalent to (50!/(50-4)14!), or 230,300 tone sets. In
further modifications, a channel signature comprises five or

more tones. Similar modifications may be applied to the

second, third and fourth embodiments of the invention. These

modifications are used where there are more channels in the
network than individual tones available for their
identification, or where there are more values of a network
parameter associated with a channel to be uniquely identified
in the network, or both more channels and more values of

associated network parameters.
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[0081] In modifications to the first embodiment, the
aséociated network parameter may be one of the following: a
source node in the network where the channel signature is
marked, a destination node in the network where the channel
signature is detected, anAoptical fiber carrying the channel,
and an optical cable including the optical fiber carrying the
channel. Similar modifications may be applied to the second,

third and fourth embodiments of the invention.

[0082] In yet another modification to the first embodiment,
the tones comprising the channel signature may be -encoded onto
the channel using one, or a combination of, the following
modulation techniques: amplitude modulation, frequency
modulation, phase modulation and polarization modulation.
Similar modifications may be applied to the second, third and

fourth embodiments of the invention.

[0083] In a further modification to the first embodiment,
the tones comprising the channel signature may be encoded onto
the channel simultaneously, consecutively, or by using a

combination of simultaneous and consecutive modulation.

[0084] The order of the consecutive modulation of the
tones comprising the channel signature may be significantly
determined to allow the same set of tones to be reused for
different channel signatures, or for encoding additional
information in the channel signature. For example the set.of
tones comprising the three frequencies f;, f,, and f3, may be o
repeatedly encoded in the order f£,, f,, f;, i.e. as a repeating
consecutive sequence of tones f., £,, f3, £;, £z, £, ... A

second repeating sequence of the same tones may be based on
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the order £,, £;5, £, thus £, £3, £2, £i1, £3, £, ... These two
sequences can be readily distinguished by the decoder
regardless of the starting time. With a set of three
frequencies, only two different sequences. of repeating
consecutive sequences can be thus distinguished. For example
the order f;, f3, £;, .. would not be distinct from the order f;,
fa, £3, ... .In general, the number of cyclically distinct
encodings E based merely on the sequence order of N
frequencies is given by the equation E = (N-1)! That is (N-1)
factorial. Alternatively, the encoder may be designed so as to
generate a mark, identifying the beginning of the repeating
tone sequence, e.g. by slightly increasing the modulation
depth of the first tone (or any other tone in the sequence) in
the sequence or by modulating the first tone (or any other
tone in the sequence) onto an optical channel for a slightly
longer period of time. In this case, with a set of three

frequencies, all three different sequences of repeating

- consecutive sequences can be thus distinguished. For example

the order f,, £f3, £;, .. will then be distinct from the order £,,
£, fs,

[0085] In a modification to the third embodiment, the tone
space may be partitioned into three segments. The first two
segments comprise 576 tones each, and the third segment
comprises 488 tones. Each of the first two segmenté is further
partitioned into 32 blocks of 18 tones in each block. The
third segment is partitioned into 32 blocks of 15 tones in
each block. In this modification, a palr of tones for channel
identification is chosen in the following manner. The first
tone in the pair is chosen by selecting a tone from block “I”,

the “Ith” block, in the first segment, where “I” is the
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channel number. The second tone is chosen from “Ith” block in
the second segment. The number of tone pairs available to
identify each channel using a tone from the first segment and
a tone from the second segment is 18*%18, or 324 tone pairs.
The number of tone pairs can be increased to (18*18)+(lé*15),
or 594 tone pairs, by selecting a first tone from “Ith” block
in the first segment, and a second tone from “IthJ block in
the second segment, or from “Ith” block in the third segment
if the available tone pairs are exhausted by using only the
first and second segments. The number of tone pairs can be
further incredsed to (18*18)+(18*15)+(18*15), or 864 tone
pairs, by selecting a first tone from “Ith” block in the first
or second segment, and a second tone from “Ith” block in the
second or third segment, if the available tone pairs'are
exhausted by using only the first and the second or third
segments. In this way, a method for identification of a larger

number of channels in an optical network is provided.

[0086] In one more!modification to the method of fourth

embodiment of the invention, two further restrictions are

introduced. First, the band tones are chosen so that they are
maximally distributed across the tonespace, where the band
tones for each band are contiguous. Second, the channel tones
in the band are distributed across the tonespace, where there
ig a frequency spacing of at least 1 kHz between the channel
tone and the band tone, and the difference in frequency
between a channel tone and another channel tone for the band:
is maximized. The table shown in Fig. 7 illustrates the
selection of tones from the tonespace where C=11, B=36, M=20,
N=80. In Fig. 7, the tonespace allocation is a numerical

sequence, where the allocation of tones in the tonespace is
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read from left to right, from top to bottom. For example, the
first column in Fig. 7 has the caption "Block 1",. labelled
136, and each cell in the first column illustrates the tones
for the four channel groups in block 1. The presence of a
number in a cell indicates the first tone of four consecutive
tones, where each of the four tones is allocated to each of
the four channel groups. For example, the fifth cell in column-
1, labelled 138, shows the caption "289", indicating that the
first four channel tones for channel groups 1,2,3, and 4 in
block 1 are tones 289, 290, 291 and 292, respectively. The
presence of the caption "x" in a cell indicates that no tones
are allocated to channel tones in a block in that position in |
the numerical sequence of tones across the tonespace. For
example, the sixteenth cell in column 1, labelled 140,
indicates that no channel tones are allocated to block 1 at
that point in the numerical sequence. The twentieth cell in
column 1, labelled 142, has the caption "1433", indicating
that the last four channel tones for channel groups 1,2,3, and
4 in block 1 are tones 1433, 1434, 1435 and 1436,
respectively. The first cell, labelled 144, in the fourth
column has the caption "1", indicating that the first four
channel tones for channel groups 1,2,3, and 4 in block 4 are
tones 1, 2, 3 and 4, respectively. The first cell, labelled
146, in the twentieth column has the caption "65", indicating
that the first four channel tones for channel groups 1,2,3,
and 4 in block 20 are tones 65, 66, 67 and 68, respectively.
The last-column shows the band tones for each block, it has
the caption "Corresp Pool" and is labelled 148. For example,
the first cell in the last column, labelled 150, has the
caption "Pool 1 69-104", indicating that the 36 band tones for
block 1 are tones 69, 70, 71, aﬁd so on, to tone 104.
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[0087] The remaining steps to select channel signatures in
this modification to the method of the fourth embodiment are

identical to that of the fourth embodiment.

[0088] The first, second, third, fourth, and fifth
embodiments all provide methods for selecting a pair of tones

to comprise a channel signature.

[0089] In modifications to -each of these embodiments, the
two tones comprising a channel signature may be encoded
sequentially in a simple-alternating pattern, or in a
repeating digital bit sequénce pattern where one of the tones
represents a logical 0 value, the other tone representing a
logical 1 value. In these modifications, the repeating
digital bit sequenée pattern, in combination with the
selection of the frequencies of the tones, comprises the
channel signature. The use of the repeating bit sequence
pattern provides increased reliability of detection,

especially in large networks.

[0090] While tones may be allocated without collisions,
the additional verification of the bit sequence patterns
increases the reliabiliﬁy of correct channel identification.
Conversely, if in a large network the number of channel
signatures available (baéed only on the selected tones) is
insufficient, additional channel signatures can be created
based on different digital bit sequence patterns even though

the same tone pairs are used.
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[0091] Alternatively, the bit sequence patterns may be
used for encoding additional information in the channel

signature.

5 [0092] Table 9 illustrates the four distinct repeating bit

sequence pattefns of length 4 using two tones.

Sequence id | Repeating Bit Sequence
4.1 1000100010 ..
4.2 .1010101010
4.3 .1100110011..
4.4 .1110111011
Table 9
10
[0093] It may be noted that even though gsixteen binary 4-
bit patterns exist, only 4 of these give rise to cyclically
distinct and unigue repeating sequencé pétterns of length 4.
15 [0094] Table 10 illustrates as another example the twelve

distinct repeating bit sequence patterns of length 6 using two

tones.
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Sequence id | Repeating Bit Sequence

6.1 .100000100000010
6.2 .10001010001010
6.3 .10010010010010
6.4 .10011010011010
6.5 .10101010101010
6.6 .10110010110010
6.7 .10111010111010
6.8 .11000011000011
6.9 .110110110110011
6.10 .111000111000°11
6.11 .11110011110011
6.12 .111112011111011

Table 10

[0095] It may be noted that even though‘64 binary 6-bit
patterns exist, only 12 of these give rise to cyclically
distinct and unique repeating sequence patterns of length 6.
In general, the number of distinct repeating bit sequence
patterns using two or more tones T and having a given sequence
length L may be found by listing all possible permutations of
T tones of length L, and removing all cyclic dﬁplicates from

the list.

[0096] In further modifications to each of the first,
second, third, fourth, or fifth embodiments, two pairs of

tones may comprise a channel signature.

[0097] In general, any four tones from the entire pool of
available frequencies could be chosen to generate the two
pairs of tones for each channel signature. As discussed under

the different embodiments above, certain constraints may be

38

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 2004/107625 PCT/CA2003/001829

followed in selecting tones. For example, the frequencies may

. be selected to have at least a predetermined frequency

difference, for example around 1lkHz, in order that each tone
can be reliably detected. Tone pairs may also be chosen from
the blocks of tone pairs allocated to each channel, as

described above.

[0098] For example, the first pair of the two pairs of
tones comprising the 2-pair channel signature for a particular
channel may be selected from the pool of tones as described
under the original embodiments. The second pair of tones of
the two pairs of tones comprising the 2-pair channel signature
may be similarly selected from the pool of tones as described
under the original embodiments. Higher detection reliability
may be achieved with the additional constraint that none of
the frequencies comprised by the second pair of tones may be
coincident with any of the frequencies comprised by the first

pair of tones.

[0099] Using the example tone pairs of the third
embodiment (Table 5), as an example for this modification of
the embbdiment, the tone pair (1,801) may be selected for the
first pair of a particular 2-tone channel signature for
channel 1, and the tone pair (25,824) may be selected as the
second pair. In this example, all frequencies of the two tone
pairs are distinct. On the other hand, if as above, (1,801)
is selected as the first pair, (1,802) should not be chosen as
the second pair for the same channel signature because it

contains a frequency already used in the first pair.
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[0100] The channel signature thus comprised of two tone
pairs may be modulated as if it were simply a four-tone
signature (assuming all four frequencies have been selected to
be distinct) as described earlier. Preferably however, the
two pairs are modulated in an alternating sequence so that at

any time only one of the two tone pairs 1s present.

[0101] In yet another modification of the present
modification, a repeating bit sequence may be encoded. whereby
one tone pair represents a logical 0 value and the other tone.
pair represents a logical 1 value. Furthermore a selection of
more than two tone pairs, or tone sets made up of more than
two tones, may be used to increase the.number of possible
channel signatures, or to encode additional information with

each channel signature, or a combination of the two.

[0102] Although specific embodiments of the invention have
been described in detail, it will be apparent to one skilled
in the art that variations and modifications to the
embodiments may be made within the scope of the following

claims.
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WHAT IS CLAIMED IS:

1. A method for identifying an optical channel in an
optical network, comprigsing the steps of:

marking the channel with a unique combination of two or
more identification tags, the combination of identification
tags being referred to as a channel signature, to identify the
channel in the network; and

detecting the channel signature at various locations in

the network.

2. A method as described in claim 1, wherein the step
of marking comprises modulating the channel so that the. ..

identification tags are encoded onto the channel.

A 3. A method as described in claim 2, wherein the step
of modulating comprises modulating the channel with the

identification tags, which are low ffequency dither tones.

4. A method as described in claim 3, wherein the step
of modulating with the tones comprises one of the following
types of modulation: amplitude modulation, frequency

modulation, phase modulation, and polarization modulation.

5. A method as described in claim 3, wherein the step
of modulating comprises modulating the tones onto the channel
in one of the following ways:

(a) modulated simultaneously;

(b) modulated consécutively; and

(c) modulated by using a combination of (a) and (b).
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6. A method as described in claim 1, further comprisiﬁg
the step of verifying one or more restrictions imposed on the
allocation of tones for the channel signature in the network,
the step of verifying béing performed before the step of

marking.

7. A method as described in claim 6, wherein the step
of verifying the restrictions comprises verifying that the
tones in the channel signature are selected so that the
frequency difference between any two tones in the channel

signature is not less than a predetermined frequency spacing.

8. A method as described in claim 7,. wherein the step
of verifying that the tones in the channel signature are
selected so that the frequency difference between any two
tones in the channei signature is not less than a
predetermined frequency spacing comprises selecting the
predetermined frequency spacing from a range of frequency

spacings from about 1 Hz to about 100 Hz.

9. A method as described in claim 7, wherein the step

of verifying that the tones in the channel signature are

" selected so that the frequency difference between any two

tones in the channel signature is not less than a
predetermined frequency spacing comprises selecting the
predetermined frequency spacing from a range of frequency -

spacings from about 8 Hz to about 10 Hz.

10. A method as described in claim 6, wherein the step
of verifying the restrictions comprises verifying that channel

signatures for different channels in the network are chosen so
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that, for channels destined to the same decoder in the
network, a list of individual tones used in the channel

signatures of said channels includes each tone only once.

11. A method as described in claim 6, further comprising
the steps of:

maintaining a list of all tones to be used for channel
signatures in the network;

releasing tones in unique combinations for use as channel
signatures in the network; and

keepiﬁg track of tones available for further allocation

to channel signatures in the network.

12. A system for identifying an optical channel in an
optical network, comprising:
means for marking the channel with a unique combination
of two or more identification tags, the combination of
identification tags being referred to as a channel signature,
to identify the channel in the network; and
| means for detecting the channel signature at various

locations in the network.

13. A system as described in claim 12, wherein the means
for marking the channel with a unique combination of two or
more identification tags comprises an encoder for encoding two
or more frequency dither tones onto the optical channel, and
the means for detecting comprises a decoder for decoding said

low frequency dither tones from the optical channel.
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14. A system as described in claim 13, wherein the
encoder inéludes one of the following means for modulating the
tones onto the channel: .

(a) means for modulating the tones simultaneously;

(b) means for ﬁodulating the tones consecutively; and
(c) means comprising a combination of (a) and (b).

15. A system as described in claim 12, further
comprising means for verifying one or more restrictions
imposed on the allocation of tones for the channel signature

in the network.

l6. A system as described in claim 15, wherein the means
for verifying comprises one or more of the following:

means for verifying that the tones in the channel
signature are selected so that the frequency difference
between any two tones in the channel signature is not less
than a predetermined frequency spacing; and

means for verifying that channel signatures for different
channels in the network are chosen so that,‘for channels
destined to the same decoder in the network, a list of
individual tones used in the channel signatures of said

channels includes each tone only once.

17. A system as described in claim 15, further
comprising:

means for maintaining a list of all tones to be used for
channel signatures in the network;

means for releasing tones in unique combinations for use

as channel signatures in the netwofk; and
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means for keeping track of tones available for further

allocation to channel signatures in the network.

18. A method for identifying an optical channel in an
optical network, comprising the steps of:

marking the channel with a unique combination of. two or
more identification tags, the combination of identification
tags being referred to as a channel signature, to uniquely
identify the channel in the network and one or more network
parameters associated with the channel; and

detecting the channel signature at various locations in

the network.

19. A method as described in claim 18, wherein the step
of marking comprises modulating the channel with the

identification tags, which are low frequency dither tones.

20. A method as described in claim 18, wherein the step
of marking the channel comprises allocating one of the tones
in the channel signature for identifying the channel, and
allocating one or more of the remaining tones in the channel
signature for identifying one or more parameters in the

network associated with the channel.

21. A method as described in claim 20, wherein the step
of marking the channel comprises allocating two or more tones
in the channel signature for identifying the channel, and
allocating one or more of the remaining tones in the channel
signature for identifying one or more parameters in the

network associated with the channel.
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22. A method as described in claim 20, wherein the steb
of allocating the remaining tones comprises allocating the
tones for identifying one or more of the following network
parameters associated with the channel:

(a) an optical band including the channel;

(b) a source node in the network where the channel .
signature is marked;

(c) a destination node in the network where the channel
signature is detected;

(d) an optical fiber carrying the channel; and

(e) an optical cable including the optical fiber carrying

the channel.

23. A method as described in claim 21, wherein the step
of allocating the remaining tones comprises allocating the
tones for identifying one or more of the following network
parameters associated with the channel:

(a) an optical band including the channel;

(b) a source node in the network where the channel
signature is marked;

(c) a destination node in the network where the channel
signature 1s detected;

(d) an optical fiber carrying the channel; and

(e) an optical cable including the optical fiber carrying

the channel.

24. A method as described in claim 19, wherein the step
of modulating with the tones comprises one of the following .
types of modulation: amplitude modulation, frequency

modulation, phase modulation, and polarization modulation.

i
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25. A method as described in claim 19, wherein the step
of modulating comprises modulating the tones onto the channel
in one of the following ways:

(a) modulating éimultaneously;

(b) modulating consecutively; and

(¢) modulating by using a combination of (a) and (b).

26. A method as .described in claim 18, further comprising
the step of verifying one or more restrictions imposed on the
allocation of tones for the channel signature in the network,
the step of verifying being performed before the step'of

marking.

27. A method as described in claim 26, wherein the step
of verifying the restrictions comprisés verifying that the
tones in the channel signature are selected so that the
frequency difference between aﬁy two tones in the channel

signature is not less than a predetermined frequency spacing.

28. A method as described in claim:-27, wherein the step

of verifying that the tones in the channel signature are

selected so that the frequency difference between any two
tones in the channel signature is not  less than a
predetermined frequency spacing comprises selecting the
predetermined frequency spacing from a range of frequency

spaciﬁgs from about 1 Hz to about 100 Hz.

29. A method as described in claim 27, wherein the step
of verifying that the tones in the channel signature are
selected so that the frequency difference between any two

tones in the channel signature is not less than a
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predetermined frequency spacing comprises selecting the
predetermined frequency spacing from a range of frequency

gspacings from about 8 Hz to about 10 Hz.

30. A method as described in claim 26, wherein the step-
of verifying the restrictions comprises verifying that channel
signatures for different éhannels in the network are chosen so
that, for channels destined to the same decoder in the
network, a list of individual tones used in the channel

signatures of said channels includes each tone only once.

31. A method as described in claim 26, further
comprising the steps of:
" maintaining a list of all tones to be used for channel
signatures in the network;
releasing tones in unique combinations for use as channel
signatures in the network; and
keeping track of tones available for further allocation

to channel signatures in the network.

32. A method as described.in claim 20, wherein the step
of marking comprises marking the channel with the channel

signature comprising a pair of two dither tones.

33.> A method as described in claim 32, wherein the step
of marking the channel with the channel signature comprising
the pair of two dither tones includes allocating one of the
tones in the pair to identify the channel wavelength, and
allocating the other tone in the pair to identify one of the
following network parameters:

(a) an optical band including the channel;
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(b) a source node in the network where the channel
signature is marked;

(c) a destination node in the network where the channel
signature is detected; and

(d) an optical fiber carrying the channel.

34. A method as described in claim 33, further
comprising the step of selecting a plurality of unique pairs
of tones, each tone in each pair being selected from a
tonespace comprising a limited number of tones, and each pair -
of tones uniquely identifying the channel and the associated

parameter in the network.

35. A method as described in claim 34, wherein the step
of selecting comprises the steps of:

partitioning the tonespace into M blocks, each block
comprising N tones; and |

selecting the two tones in the pair from the same block,
the tones in the block being used to uniquely identify one

channel and the associated parameter in the network.

36. A method as described in claim 34, wherein the step
of selecting comprises the steps of:

partitioning the tonespace into a first and second
segments;

partitioning each segment into M blocks; and

selecting one tone in the pair from a block from the
first segment, and the other tone in the pair from a block

from the second segment.
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37. A system for identifying an optical channel in an
optical network, comprising:

means for marking the channel with a unique combination
of two or more identification tags, the combination of
identification tags being referred to as a channel signature,
to uniguely identify the channel in the network and one or
more network parameters associated with the channel; and

means for detecting the channel signature at various

1oca£ions in the network.

38. A system as described in claim 37, wherein the means
for marking comprises means for modulating the channel with

the identification tags, which are low frequency dither tones.

39. A system as described in claim 37, wherein fhe means
marking the channel comprises:

means for allocating one of the tones in the channel
signature for identifying the channel; and ‘

means for allocating one or more of the remaining tones
in the channel signature for identifying one or more

parameters in the network associated with the channel.

40. A system as described in claim 39, wherein the means
for allocating comprises means for allocating the tones for
identifying one or more of the following network parameters
associated with the channel:

(a) an optical band including the channel;

(b) a source node in the network where the channel
signature is marked; .

(c) a destination node in the network where the channel

signature is detected;
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" (d) an optical fiber carrying the channel; and

(e) an optical cable including the optical fiber carrying

the channel.

41. A system as described in claim 38, wherein the means
for modulating with the tones comprises means for modulating
with one of the following types of modulation: means for
amplitude modulation, means for frequency modulation, means

for phase modulation, and means for polarization modulation.

42. A system as described in claim 38, wherein the means
for modulating comprises means for modulating the tones onto
the channel in one of the following ways:

(a) means for modulating simultaneously;

(b) means for modulating consecutively; and

(c) means for modulating by using a combination of (a)
and (b) . |

43, A system as described in claim 37, further
comprising means for verifying one or more restrictions
imposed on the allocation of tones for the channel signature

in the network.

44. A system as described in claim 43, wherein the means
for verifying the restrictions comprises means for verifying
that the tones in the channel signature are selected so that
the freguency difference between any two tones in the channel -

signature is not less than a predetermined frequency spacing.

45. A system as described in claim 44, wherein the means

for verifying that the tones in the channel signature are
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gselected so that the frequency difference between any two
tones in the channel signature is not less than a
predetermined frequency spacing comprises means for selecting
the predetermined frequency spacing from a range of frequency

spacings from about 1 Hz to about 100 Hz.

46. A system és described in claim 44, wherein the means
for verifying that the tones in the channel signature are
selected so that the frequency difference between .any two
tones in the channel signature is hot less than a
predetermined frequency spacing comprises means for selecting
the predetermined frequency spacing from a range of frequency

spacings from about 8 Hz to about 10 Hz.

47. A system as described in claim 43, wherein the means
for verifying the restrictions comprises means for verifying
that channel signatures for different channels in the network
are chosen so that, for channels destined to the same decoder
in the network, a list of individual tones used in the channel

signatures of said channels includes each tone only once.

48. A system as described in claim 43, further
comprising:

means for maintaining a list of all tones to be used for
channel signatures in the network; ,

‘means for releasing tones in unique combinations for use
as channel signatures in the network; and

means for keeping track of tones available for further

allocation to channel signatures in the network.
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49. A system as described in claim 39, wherein the means
for marking comprises means for marking the channel with the

channel signature comprising a pair of two dither tones.

50. A system as described in claim 49, wherein the means
for warking comprises means for marking the channel with the
channel signature comprising the pair of two dither tones
includes means for allocating one of the tones in the pair to
identify the channel wavelength, and means for allocating the
other tone in the pair to identify one of the following
network parameters:

(a) an optical band including the channel;

(b) a source node in the network where the channel
signature is marked;

(c) a destination node in the network where the channel
signature is detected; and

(d) an optical fiber carrying the channel.

51. A system as described in claim 50, further
comprising the means for selecting a plurality of unique pairs
of tones,'each tone in each pair being selected from a
tonespace comprising a limited number of tones, and each pair
of tones uniquely identifying the channel and the associated

parameter in the network.

52. A system as described in claim 51, wherein the means
for selecting comprises:

means for partitioning the tonespace into M blocks, each
block comprising N tones; and .

means for selecting the two tones in the pair from the

same block, the tones in the block being used to uniquely
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identify one channel and the associated parameter in the

network.

53. A system as described in claim 51, wherein the means’
for selecting comprises:

means for partitioning the tonespace into a first and
second segments;

means for partitioning each segmeht into M blocks; and

means for selecting one tone in the pair from a block
from the first segment, and the other tone in the pair from a
block from the second segment.

54. A method as described in claim 5, wherein the step
of modulating the tones onto the channel consecutively
comprises modulating the tones in a predetermined order so as
to form a repeating consecutive sequence of toﬁes, the
repeating consecutive sequence of tones being the channel

signature.

55. A method as described in claim 54, wherein the step
of modulating the tones so as to form the repeating
consecutive sequence of tones comprises modulating the tones
so as to form the repeating consecutive sequence of tones, in

which each tone is being used only once.

56. A method as described in claim 5, wherein the step
of modulating the tones onto the channel consecutively
comprises modulating two tones "L" times in total so as to
form a repeating digital bit sequence pattern of length "L",
wherein one of the tones represents a logical "0" value, and

the other tone respresents a logical "1" value, the repeating
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digital bit sequence pattern forming the channel signature or

a part thereof.

57. A method as described in claim 5, wherein the step
of modulating comprises modulating the channel with three

tones.

58. A method as described in claim 5, wherein the step
of modulating comprises modulating the channel with four

tones forming two pairs of tones.

59. A method as described in claim 58, wherein the step
of modulating the channel with four tones comprises selecting
the four tones so that channel signatures for different

channels in the network are .chosen so that, for channels

‘destined to the same decoder in the network, a list of

individual tones used in the channel signatures of said

channels includes each tone only once.

60. A method as described in claim 58, wherein the step
of modulating comprises modulating the two pairs of tones onto
the channel alternatively so that at any time only one of the

two tone pairs is present.

61. A method as described in claim 58, wherein the step
of modulating the tones onto the channel consecutively
comprises modulating two tones pairs "L" times in total so as
to form a repeating digital bit sequence pattern of tone pairs
of length "L", wherein one of the tone pairs represents a

logical "0" value, and the other tone pair respresents a
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logical "1" value, the repeating digital bit sequence pattern

of tone pairs forming the channel signature or a pért thereof.
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