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(57) Abstract: The disclosure is directed at a method and system
for optical telecommunications performance monitoring via a dual
frequency pilot tone. By applying a dual frequency pilot tone, with
a first pilot tone frequency selected from a low frequency band
and a second pilot tone frequency selected from a high frequency
band, either simultaneously or alternatively, to a wavelength chan-
nel, one of the pilot tone frequencies may be adaptively selected to
improve wavelength channel monitoring. More specitfically, stimu-
lated Raman scattering (SRS) caused crosstalk and chromatic disper-
sion (CD) caused pilot fading which adversely affect performance
monitoring of the wavelength channel may be reduced.
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METHOD AND APPARATUS FOR PROVIDING A PILOT TONE

FIELD OF THE DISCLOSURE
The disclosure is directed generally at optical telecommunications and more

specifically at a method and apparatus for optical channel monitoring.

BACKGROUND OF THE DISCLOSURE

In Dense Wavelength Division Multiplexing (DWDM) systems, light at multiple
wavelengths is modulated with streams of digital information, and then the modulated light
beams at different wavelengths, termed “wavelength channels”, are combined for joint
propagation in an optical fiber.

To identify wavelength channels in a DWDM system, a pilot tone may be applied to
communication channels within the optical telecommunications system. The pilot tone is
typically a low frequency modulation of a channel’s optical power level. The pilot tone may
be used for channel optical performance monitoring, and may also carry information
associated with the channel, such as, but not limited to, its wavelength, baud rate,
modulation format and other identification information for supervisory, control, equalization,
continuity, synchronization, or reference purposes.

By providing this pilot tone, channel power can be monitored by a low cost, low speed
pilot-tone detector.

In many current systems, the pilot tone is subject to degradation caused by the
interaction and superposition of optical signals in the transmission fiber.

Therefore, there is a need for an improved system and method for pilot tone based

optical performance monitoring.

SUMMARY OF THE DISCLOSURE

The disclosure is directed at a method and system for optical telecommunications
performance monitoring by using dual frequency pilot tones. By applying a dual frequency
pilot tone to a wavelength channel, or channel, one of the pilot tone frequencies may be
adaptively selected to improve wavelength channel monitoring power accuracy. In one
embodiment, the first pilot tone frequency is selected from a low frequency band and the

second pilot tone frequency is selected from a high frequency band. The dual frequency pilot
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tone is applied either simultaneously or alternatively to the system. By applying a dual
frequency pilot tone, stimulated Raman scattering (SRS) and chromatic dispersion (CD)
issues or effects which adversely affect performance monitoring of the wavelength channel
may be reduced.

In one aspect of the disclosure, there is provided a method of optical
telecommunications performance monitoring which includes detecting a pilot tone associated
with a wavelength channel, the pilot tone including a first frequency in a first frequency range
and a second frequency in a second frequency range. One of the frequencies of the pilot
tone is then selected to obtain the wavelength channel information. In another aspect, each
of the frequencies of the pilot tone carries identical channel information. In one aspect of the
disclosure, the first frequency range is between 30 MHz and 60 MHz and the second
frequency range is between 125 MHz and 155 MHz.

In another aspect, there is provided another method of optical telecommunications
performance monitoring which includes applying a dual frequency pilot tone to a channel. In
another aspect of the disclosure, the dual frequency pilot tone includes a first frequency in a
first frequency range and a second frequency in a second frequency range. In another
aspect of the disclosure, the first frequency range is selected to lessen chromatic dispersion
effects and the second frequency range is selected to lessen stimulated Raman scattering
(SRS) effects.

In yet a further aspect, there is provided a pilot tone modulated onto a wavelength
channel, the pilot tone including a first frequency within a first frequency range and a second

frequency located within a second frequency range.

DRAWINGS OF THE DISCLOSURE

The following figures illustrate various aspects and embodiments of the system,
method and apparatus disclosed herein:

Figure 1a is a schematic diagram of an optical telecommunications system;

Figure 1b is a schematic diagram of a channel within the optical telecommunications
system of Figure 1a;

Figure 2 is a schematic diagram of a pilot tone;

Figure 3 is a schematic diagram reflecting how stimulated Raman scattering (SRS)

affects optical telecommunication systems having multiple channels;
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Figure 4a is a graph illustrating frequency dependency of SRS for a transmission link
based on a large effective area fiber (LEAF);

Figure 4b is a graph illustrating frequency dependency of SRS for a transmission link
based on an SSMF optical fiber;

Figure 5a is a schematic diagram of an optical channel spectrum;

Figure 5b is a graph illustrating chromatic dispersion (CD) induced pilot tone power
fading vs. pilot tone frequency;

Figure 6 is a method of implementing a dual frequency pilot tone;

Figure 7a is a graph illustrating SRS induced cross-talk vs. pilot tone frequency in low
and high frequency bands;

Figure 7b is a graph illustrating CD induced pilot tone power fading vs. pilot tone
frequency in low and high frequency bands;

Figure 8a is a schematic diagram of an embodiment of applying a dual frequency pilot
tone for an optical telecommunications system;

Figure 8b is a schematic diagram of another embodiment of applying a dual
frequency pilot tone for an optical telecommunications system; and

Figure 9 is a flowchart outlining a method of frequency selection for a dual frequency

pilot tone.

DETAILED DESCRIPTION

The disclosure is directed at a method and system for performing channel monitoring
within an optical telecommunications system. The method and system of the disclosure uses
a dual frequency pilot tone. One of the dual frequencies is selected from a low frequency
band, or range, while the other is selected from a high frequency band, or range. In one
embodiment, the low frequency band is between 30 MHz and 60 MHz and the high
frequency band is between 125 MHz and 155 MHz. Use of a dual frequency pilot tone
assists the system to mitigate adverse operating conditions within the optical
telecommunication system.

In order to reduce issues with stimulated Raman Scattering (SRS), a high frequency
pilot tone is preferred. In order to reduce accumulated chromatic dispersion issues, a low

frequency pilot tone is preferred. Therefore, the disclosure is directed at providing a dual
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frequency pilot tone for a wavelength channel whereby both pilot tone frequencies may carry
the same, or identical data, or wavelength channel information.

Turning to Figure 1a, a schematic diagram of an optical telecommunications system
is shown. The optical telecommunications system, or optical network, 100 includes a set of
nodes 102a-102g which are connected with each other via individual optical transmission
fibers 103. The nodes 102 may be connected with each other via more than one
transmission fiber 103. Signals transmitted along these individual transmission fibers 103
produce a plurality of wavelength channels, or channels, 104, each wavelength channel
including light at a particular wavelength modulated with a high-speed digital stream of
information or data. For ease of understanding, a transmission node is seen as the node
102a which is delivering data while a destination, or receiving, node 102g is seen as a node
which is receiving the data. In some cases, communication between two nodes may not be
direct. By way of example, communication between the transmission node 102a and the
destination node 102g is such that the data passes through other nodes, such as 102b and
102e between the transmission node 102a and the destination node 102g.

In order to monitor the wavelength channels 104 being transmitted over the
transmission fibers 103, pilot tones are used. A pilot tone is typically a low frequency
modulation of a channel’s optical power level. Distinct pilot tones may be associated with
each particular wavelength channel within the network 100. The pilot tones may include
information such as characteristics of the associated wavelength channel. These
characteristics may include, but are not limited to, power, source/destination identification
(ID), wavelength, modulation format or baud rate or any other characteristics or combination
of those characteristics.

The pilot tones are modulated onto the wavelength channels 104 travelling between
the transmission nodes 102a — 102g. Detection of these pilot tones provides an identification
of which channels 104 are being transmitted over which transmission fiber 103 at any time
within the network 100, which is particularly useful when multiple channels 104 are
transmitted over a same transmission fiber 103.

Within the network 100 are a set of pilot tone detectors 106 which detect these pilot
tones. In one embodiment, the pilot tone detectors 106 include a low-speed photodiode

and a digital signal processor (DSP).
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Turning to Figure 1b, a schematic diagram showing a portion of the optical
telecommunications system of Figure 1a is provided. Figure 1b shows the connection
between two nodes 102a and 102b which are connected by the transmission fiber 103.
Optical amplifiers 105 are provided to amplify the channel 104. In Figure 1b, one of the
nodes 102a may be seen as the source, or transmission, node, and the second of the nodes
102b may be seen as the destination node. In the embodiment of Figure 1b, although
individual pilot tone detectors 106 are shown at specific locations within the transmission
fiber 103 between the two nodes 102, the pilot tone detectors 106 may be located anywhere
within the network 100. Depending on the type of nodes 102a or 102b, the nodes 102a or
102b may include a reconfigurable optical add/drop multiplexor (ROADM) 107 coupled to
receivers 110 and transmitters 112 for dropping and adding channels. For example, if the
node 102 is an amplifier node, the node 102 would not include any receiver or transmitter,
however, if the node 102 is an access node, there may be 0, one or multiple receivers 110
and transmitters 112. Accordingly, the wavelength channels 104 may terminate at a
destination node 102b or propagate further, as shown with an arrow to the right of the node
102b.

Turning to Figure 2, a schematic representation of an optical signal is provided. The
optical signal includes high-speed data 200 which is modulated onto light at a certain
wavelength. The modulation of the light generates a wavelength channel. The data
modulation frequency of the wavelength channel is typically in the GHz range. The optical
signal also includes a pilot tone 202. The pilot tone may be used for supervisory, control,
equalization, continuity, synchronization, or reference purposes for the optical
telecommunications system 100. The frequency of the pilot tone 202 is preferably much less
than the data modulation frequency of the wavelength channel. For example, the frequency
of the pilot tone 202 may be at tens or hundreds of MHz or below.

Currently, a single frequency pilot tone is used to transmit information relating to an
associated wavelength channel to assist in monitoring performance of the telecommunication
system. In multiple channel optical telecommunications systems, or networks, stimulated
Raman scattering (SRS) caused crosstalk is experienced. Use of the single frequency pilot
tone is adversely affected by the SRS crosstalk. To overcome this problem, the SRS

crosstalk is suppressed by increasing the frequency of the single frequency pilot tone.
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Within these optical telecommunication systems, different wavelength channels are
transmitted along the optical transmission fibers to allow the nodes 102 to transmit
information therebetween. SRS is a nonlinear optical effect whereby energy from a shorter
wavelength channel is partially transferred to a longer wavelength channel. This effect may
occur between any two channels, although it is more pronounced between neighboring
channels.

When a first wavelength channel is modulated with a pilot tone, this first pilot tone is
partially transferred to another wavelength channel due to SRS effect. This creates a ghost
tone on this other channel. Without the ghost tone, the pilot tone detected for this other
channel is proportional to its corresponding channel power. With SRS caused ghost tones,
the detected pilot tone of the other channel has contributions from pilot tones of other
wavelength channels, such as the pilot tone of the first wavelength channel. The power
measurement accuracy for the other channel is reduced due to the ghost tone or tones.

Turning to Figure 3, a schematic diagram reflecting how SRS affects optical
telecommunication systems having multiple optical channels is shown. Due to SRS effects,
a pilot tone frequency f1 initially applied on wavelength 1 (A1) will also appear on
wavelengths 2 (A2) and 3 (A3). Similarly, a pilot tone frequency f2 initially applied on
wavelength 2 (A2) may also appear on wavelengths 1 (A1) and 3 (A3). Pilot tone frequency f3
initially applied on wavelength 3 (A3) may also appear on wavelengths 1 (A1) and 2 (A2). The
SRS caused crosstalk depends on a number of factors. These factors include the number of
channels in the transmission fiber, channel wavelengths, the optical power of the channels,
number of fiber spans, fiber type, fiber length etc. SRS crosstalk may cause significant
power measurement error in a pilot tone based optical performance monitoring. In some
scenarios, the error is so big that pilot tone based optical performance monitoring is not
beneficial and may be useless.

Turning to Figures 4a and 4b, graphs outlining SRS crosstalk values with respect to
pilot tone frequencies are shown. These graphs reflect the SRS crosstalk dependency on
pilot tone frequency. In Figure 4a, the graph reflects SRS crosstalk values on a Y-axis
against pilot tone frequency (in MHz) on the X-axis for a dispersion uncompensated LEAF
system while Figure 4b shows the same for a dispersion uncompensated standard single
mode fiber (SSMF) system. The span length is 80km. In each SRS crosstalk scenario, there

were 80 channels in the C band with a signal channel being the first channel.
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With respect to Figure 4a, an optical transmission link including a LEAF optical fiber
had chromatic dispersion which was uncompensated over the 80km span with -1 dBm
channel fiber (or individual fiber) input power. An optical transmission link including an
SSMF optical fiber (Figure 4b) had chromatic dispersion which was also uncompensated
over the 80km span with +1 dBm per channel fiber input power.

For the 80 channels within the system, the energy of a pilot tone associated with one
of the channels is partially transferred to the other 79 channels and seen as ghost tones. In
this manner, the pilot tone frequency of one wavelength channel is seen, in some form, on
every other channel. As these ghost tones propagate through the network, different phase is
added to different ghost tones which may result in these ghost tones partially cancelling each
other out when detected. In order to keep the ghost tones out of phase, a higher frequency
pilot tone is preferred.

As can be seen for the current examples, the level of SRS crosstalk with respect to
the frequency of the pilot tone is reduced as the pilot tone frequency increases. A higher
frequency pilot tone is preferred to reduce or minimize SRS crosstalk effects. Although only
a single span length has been shown, it is understood that even if the span lengths are
different, a general trend remains whereby a pilot tone having a higher frequency results in
smaller SRS crosstalk effects between the channels. However, when a higher frequency
pilot tone is used, other adverse effects may be introduced, such as chromatic dispersion
(CD) fading which relates to the phenomenon in which the phase velocity of a wavelength
depends on its frequency.

With respect to CD effects, Figure 5a provides a schematic diagram showing an
optical channel spectrum while Figure 5b provides a graph showing pilot tone electrical
power change vs pilot tone frequency at some accumulated chromatic dispersions. In Figure
5b, pilot tone electrical power change (in dB) is shown on the Y-axis and pilot tone frequency
(in MHz) is shown on the X-axis.

When modulation is applied to a continuous wave (CW) light, its spectrum is
broadened. In other words, this results in the channel spectrum being broadened. A
channel with a broadened spectrum may be seen as a channel including an infinite number
of frequency components.

A pilot tone is then applied on every frequency component. Initially, the phases of the

pilot tone associated with all frequency components are the same such that the total pilot
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tone power is at an initial value. When the frequency components propagate through the
transmission fiber, each associated pilot tone experiences a different phase change such
that the total pilot tone power is reduced. This differential phase change is caused by
chromatic dispersion. With chromatic dispersion, the total pilot tone power is reduced from
the initial value. This affects the reading or detection by the pilot tone detector.

As will be understood, the modeling of this CD fading effect involves an infinite
number of frequency components. To simplify this modeling, the broadened channel
spectrum can be considered as having only two discrete frequency components seen as
arrows 500 and 502 in Figure 5a. The left arrow 500 represents the spectrum on the left side
and the right arrow 502 represents the spectrum on the right side. The distance AA;smay be
taken as approximately equal to half of the signal spectrum width. Although this picture is
highly simplified, through simulations and experiments, it may be considered as a very good
approximation.

For instance, as shown in Figure 5a, when light at a wavelength represented by the
left arrow 500 and light at a wavelength represented by the right arrow 502 are modulated by
the same frequency, a phase difference is introduced between the two signals as they
propagate along the transmission fiber (or optical channel). This is due to the fact that the
light at the optical frequencies represented by the arrows 500 and 502 propagates at
different speeds along the transmission fiber. The different speeds are caused by the
chromatic dispersion. As the light portions at both frequencies 500 and 502 are modulated
with the same pilot tone, the pilot tone may become faded or lose power, due to destructive
interference between the pilot tone waveforms of the light portions at the frequencies 500
and 502, whereby the initial value of pilot tone power of the channel is reduced. The CD-
caused fading effects typically increase as pilot tone frequencies increase. At certain
combinations of AAss, CD magnitude, and optical fiber length, the different pilot tone
frequencies may cancel themselves out, leading to a complete disappearance of the pilot
tone.

A large CD may lead to a low signal to noise ratio (SNR) and/or a large power
measurement error of the pilot tone, which adversely affects pilot tone based monitoring of
channels within the telecommunication system.

In order to compensate for CD fading, an accumulated CD value is required. The

accumulated CD value is either known by the system or may be calculated. In one
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embodiment, the accumulated CD value is a product of the length of the fiber span and a
dispersion coefficient while a total accumulated chromatic dispersion may be seen as a sum
of the accumulated CD from all of the fiber spans that the channel propagates upon being
detected. Since CD fading is dependent on the optical signal spectrum, CD fading is
therefore dependent on wavelength characteristics such as baud rate and spectral shape.

When the accumulated CD fading increases, the power within the pilot tone is
reduced which results in the low SNR and power measurement error. The power change
can be represented by the equation:

APgg= 10 logyo [(1+cos(21forCDAAer)/2]

where f>1 is the pilot tone frequency, CD is the accumulated chromatic dispersion
between a transmitter and the pilot tone detector, AAsis a fitting parameter or the effective
spectral width of the channel being sensed (typically half of the spectral width). The pilot
tone frequency is known based on the design of the system, the accumulated CD is
calculated (as described above) and the fitting parameter is obtained by comparing
measurement results and/or theoretical results from the equation.

As can be seen in the graph of Figure 5b, there is less power change when the
frequency of the pilot tone is at a lower value such as below 60 MHz, suggesting that a lower
frequency pilot tone is preferred for reducing CD effects. Therefore, unlike the preferred pilot
tone frequency for reducing SRS which is more desirable at a higher frequency, a lower
frequency pilot tone is preferred for reducing CD fading or for compensating against CD
effects.

Therefore, in order to overcome some of the disadvantages and problems in current
systems, a novel method and system for optical performance monitoring via a dual frequency
pilot tone is disclosed. By supplying a dual frequency pilot tone, the pilot tone detector 106
can adaptively select the preferred frequency pilot tone based on characteristics of the
network 100. The dual frequency pilot tone can be applied either simultaneously or
alternatively to the channel.

One advantage of the current disclosure is that by having a pilot tone at two different
frequencies, current issues with single frequency pilot tone systems are reduced or mitigated.
As each channel is modulated with the two pilot tone frequencies (both carrying the same, or

identical, channel information), the pilot tone in the high frequency band can be adaptively
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selected to reduce or suppress SRS effects while the pilot tone in the low frequency band
can be adaptively selected to reduce the CD fading effects .

For channels with a small accumulated chromatic dispersion, such as dispersion
compensated channels or dispersion uncompensated channels with low dispersion fiber, the
pilot tone in the high frequency band is preferably selected. An example of such a system is
a large effective area fiber (LEAF) system. For dispersion un-compensated channels, the
pilot tone in the low frequency band is preferably selected.

Turning to Figure 6, a flowchart outlining a method of providing a dual frequency pilot
tone for an optical telecommunications system is shown. Initially, a first and a second
frequency are selected 600 for the dual frequency pilot tone. The first frequency is preferably
selected from a low frequency band while the second frequency is selected from a high
frequency band. The frequency bands are determined based on SRS crosstalk and CD
fading characteristics of the system. In a preferred embodiment, these SRS crosstalk and
CD fading characteristics are determined via experimental studies performed on the system
or simulations performed based on parameters of the system. In this manner, the low and
high frequency bands may be determined prior to installation or operation of the system.
Selection of the pilot tone frequency in the low frequency band is to lessen chromatic
dispersion effects when it is detected. Selection of the pilot tone frequency in the high
frequency band is to lessen SRS effects on the pilot tone when it is detected. These dual
frequency pilot tones are then associated with different wavelengths propagating within the
network.

In operation, the associated dual frequency pilot tones are then applied 602 to their
associated wavelength channels in the optical telecommunications system 100. For
channels with dual polarizations, the selected frequencies may either be applied
simultaneously (concurrently) to X/Y polarization within the wavelength channel or applied
alternatively (consecutively) to X/Y polarization within the communication channel.

Turning to Figure 7a, a graph showing crosstalk versus pilot tone frequency is shown.
On the Y-axis of the graph is the level of crosstalk (measured in dB) while on the X-axis is
the pilot tone frequency (in MHz). As can be seen in the current example, within a low
frequency band (such as between 30 to 60 MHz), the level of crosstalk is around -20 to -25

dB for systems having one to eight spans. Within a high frequency band (such as between
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130 and 155 MHz), the cross-talk is around -40 dB for each of the systems having one to
eight spans. In the high frequency band, the SRS effect is suppressed.

Turning to Figure 7b, a graph showing pilot tone electrical power change vs pilot tone
frequency is shown. On the Y-axis of this graph, the pilot tone electrical power change (in dB)
is shown while on the X-axis, the pilot tone frequency (in MHz) is shown. At a low frequency
band (such as between 30 to 60 MHz), the electrical power change is around 0 to -2 for
accumulated chromatic dispersion values between 5000 ps/nm to 30000 ps/nm. At the
higher frequency band (such as between 130 and 155 MHz), the electrical power change is
quite varied for accumulated chromatic dispersion values between 5000 ps/nm to 30000
ps/nm.

Therefore, for the current system as reflected in Figures 7a and 7b, to reduce SRS
effects, a pilot tone in the high frequency band is preferred and to reduce CD effects, a pilot
tone in the low frequency band is preferred. In other words, one of the pilot tone frequencies
is selected from a range between 30 to 60 MHz and a second of the pilot tone frequencies is
selected from a range between 125 and 155MHz. It is appreciated that for different systems,
the frequency bands, or ranges, may differ.

Turning to Figure 8a, a schematic diagram reflecting an embodiment of how the dual
frequency pilot tone is applied to a wavelength channel is shown. In modern optical
communication systems, e.g. coherent systems, both polarizations are used to carry
information. In the current embodiment, the dual frequency pilot tone is applied to the X/Y
polarization channels simultaneously whereby both frequencies carry the identical channel
information. As can be seen, for both the X and Y polarization channels, both a high and low
frequency pilot tone are simultaneously transmitted over each channel. In the current
embodiment, each pilot tone frequency is transmitted for a single pilot tone bit before being
switched to the other frequency pilot tone. In this embodiment, both frequencies of the dual
frequency pilot tone exist at all times within each of the polarization channels. Based on the
characteristics of the network, the pilot tone detector 106 can then adaptively select one of
the two pilot tone frequencies to obtain the information being transmitted by the pilot tone.

Turning to Figure 8b, a schematic diagram reflecting another embodiment of how the
dual frequency pilot tone may be applied to a channel is shown. In the current embodiment,
the dual frequencies of the pilot tone are applied alternatively to the X and Y polarization

channels. Both frequencies of the dual-frequency pilot tone carry the same data.
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In operation, as schematically shown in Figure 8b, for the X polarization channel, the
low frequency pilot tone is transmitted for one pilot tone bit and then replaced with the high
frequency pilot tone for one bit. The opposite transmission occurs within the Y polarization
channel with the high frequency pilot tone being delivered for one pilot tone bit and then
replaced with the low frequency pilot tone for one pilot tone bit. In this embodiment, while
only one frequency exists for each polarization channel at any given time, both frequencies
exist in the system at all times. As one of the frequencies is transmitted in one polarization
channel, the other frequency is transmitted in the other polarization channel. The pilot tone
detector 106 can then adaptively select one of the two pilot tone frequencies to obtain the
information being transmitted by the pilot tone based on the characteristics of the system.

Turning to Figure 9, a method of adaptive pilot tone detection or selection is shown.
In the method of Figure 9, the flowchart shows how a pilot tone detector determines which
pilot tone of the dual frequency pilot tone to use in order to retrieve channel information.

Initially, the pilot tone detector detects at least one of the frequencies of the dual
frequency pilot tone 900. After detecting the at least one of the frequencies, a lightpath of
the channel associated with the pilot tone detector 106 is determined 902. This lightpath
information is generally known and can be retrieved from network management software. In
one embodiment, the information may be retrieved via a central, or distributed, controller or
processing unit. The lightpath information may also be based on a best lightpath as
determined by the controller. The chromatic dispersion of the wavelength channel is then
calculated, accumulated or obtained 904. In one embodiment, the chromatic dispersion may
be calculated between a transmitter within a node and a pilot tone detector. This can be
seen as an accumulated chromatic dispersion value. As discussed above, the accumulated
CD value is seen as the product of the length of the propagated fiber span (or optical channel)
and a dispersion co-efficient. After determining the accumulated chromatic dispersion value,
an optical pilot tone power error caused by the accumulated chromatic dispersion fading is
calculated 906. The pilot tone power error can be calculated based on the equation
disclosed above using specific values relating to the channel characteristics. This pilot tone
power error is then compared to a threshold value, such as 1 or 2 dB, to determine if the
calculated optical pilot tone power error is less than the threshold value 908. If the optical
pilot tone power error caused by CD is deemed to be more than the threshold, the low

frequency pilot tone is adaptively selected and if the optical pilot tone power error is deemed
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to be less than the threshold, the high frequency pilot tone is adaptively selected. If the
optical pilot tone power error is equal to the threshold, either pilot tone frequency can be
selected. The selected pilot tone frequency is then used to derive the power of the channel
along with any other characteristics, if available or necessary.

In the preceding description, for purposes of explanation, numerous details are set
forth in order to provide a thorough understanding of the embodiments. However, it will be
apparent to one skilled in the art that these specific details may not be required. In other
instances, well-known structures may be shown in block diagram form in order not to
obscure the understanding. For example, specific details are not provided as to whether
elements of the embodiments described herein are implemented as a software routine,
hardware circuit, firmware, or a combination thereof.

Embodiments of the disclosure or components thereof can be provided as or
represented as a computer program product stored in a machine-readable medium (also
referred to as a computer-readable medium, a processor-readable medium, or a computer
usable medium having a computer-readable program code embodied therein). The machine-
readable medium can be any suitable tangible, non-transitory medium, including magnetic,
optical, or electrical storage medium including a diskette, compact disk read only memory
(CD-ROM), memory device (volatile or non-volatile), or similar storage mechanism. The
machine-readable medium can contain various sets of instructions, code sequences,
configuration information, or other data, which, when executed, cause a processor or
controller to perform steps in a method according to an embodiment of the disclosure. Those
of ordinary skill in the art will appreciate that other instructions and operations necessary to
implement the described implementations can also be stored on the machine-readable
medium. The instructions stored on the machine-readable medium can be executed by a
processor, controller or other suitable processing device, and can interface with circuitry to
perform the described tasks.

The above-described embodiments are intended to be examples only. Alterations,
modifications and variations can be effected to the particular embodiments by those of skill in
the art without departing from the scope, which is defined solely by the claims appended

hereto.
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What is claimed is:

1. A method of optical telecommunications performance monitoring comprising:
applying a dual frequency pilot tone to a wavelength channel, wherein the dual
frequency pilot tone includes a first frequency in a first frequency range and a second

frequency in a second frequency range.

2. The method of claim 1 wherein first frequency range is between 30 MHz and 60 MHz

and the second frequency range is between 125 MHz and 155 MHz.

3. The method of claim 2 wherein the first frequency range is selected to lessen

chromatic dispersion effects.

4, The method of claim 2 wherein the second frequency range is selected to lessen

stimulated Raman scattering (SRS) effects.

5. The method of claim 1 wherein applying comprises:

applying both frequencies simultaneously to an X polarization channel of the
wavelength channel; and

applying both frequencies simultaneously to a Y polarization channel of the

wavelength channel.

6. The method of claim 1 wherein applying comprises:

applying both frequencies, in an alternating manner, to an X polarization channel of
the wavelength channel; and

applying both frequencies, in an alternating manner, to a Y polarization channel of the

wavelength channel.

7. A method of optical telecommunications performance monitoring comprising:
detecting a pilot tone associated with a wavelength channel, the pilot tone including a
first frequency in a first frequency range and a second frequency in a second frequency

range; and

14
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selecting one of the frequencies of the pilot tone to obtain the wavelength channel

information.

8. The method of claim 7 wherein each of the frequencies carries identical wavelength

channel information.

9. The method of claim 7 wherein the first frequency range is between 30 MHz and 60

MHz and the second frequency range is between 125 MHz and 155 MHz.

10. The method of claim 9 wherein selecting comprises:
calculating an accumulated chromatic dispersion value by:
determining a lightpath of the wavelength channel; and

accumulating chromatic dispersion along the lightpath.

11. The method of claim 10 wherein selecting further comprises:

calculating a pilot tone power error value for the wavelength channel based on the
accumulated chromatic dispersion value;

comparing the pilot tone power error value with a threshold value; and

selecting the first frequency if the pilot tone power error value is more than the

threshold value.

12. The method of claim 10 wherein the pilot tone power error value is represented by:
APge= 10 logio [(1+cos(21forCDAAer)/2]
where fpr is a pilot tone frequency, CD is an accumulated chromatic dispersion
between a transmitter and a pilot tone detector, and A\ is a fitting parameter or an effective

spectral width of the wavelength channel being sensed.
13. A pilot tone modulated onto a wavelength channel, the pilot tone comprising:

a first frequency, the first frequency located within a first frequency range; and

a second frequency, the second frequency located within a second frequency range.

15
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14. The pilot tone of claim 13 wherein each of the frequencies carries identical

wavelength channel information.

15. The pilot tone of claim 13 wherein the first frequency range is selected to lessen

chromatic dispersion effects.

16. The pilot tone of claim 15 wherein the first frequency range is between 30 MHz and
60 MHz.

17. The pilot tone of claim 13 wherein the second frequency range is selected to lessen

stimulated Raman scattering (SRS) effects.

18. The pilot tone of claim 17 wherein the second frequency range is between 125 MHz
and 155 MHz.

16
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