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METHOD AND APPARATUS FOR DETERMINING THE DYNAMIC RANGE OF AN

OPTICAL LINK IN AN HFC NETWORK

|001] This application claims the benefit of U.S. Provisional Application No.

60/785,648 filed on March 24, 2006, titled “Laser Dynamic Range Test”.

[002] Field Of The Invention
[003] This disclosure is directed toward determining the dynamic range of an optical
link in an HFC network. More particularly, this disclosure is directed toward an automated

approach to detecting an upper limit to the dynamic range of an optical link including the

occurrence of laser clipping.

[004] Background Of The Invention

[005] Hybrid fiber coaxial (HFC) cable television systems have been in widespread use
for many years and extensive networks have been developed. A typical HFC network generally
contains a headend which provide communications between user in the HFC network and the
IP/PSTN networks. The headend usually contains a cable modem termination system (CMTS)
containing several receivers, each receiver handling communications between hundreds of end
user network elements. The headend is generally connected to several nodes and each node 1s

connected to many network elements, such as data over cable system (DOCSIS) terminal

network elements (e.g. media terminal adapters (MTA) or cable modems), e.g., a single node
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may be connected to hundreds of modems. In many instances several nodes may serve a
particular area of a town or city.

[006] A typical HFC network uses optical fiber for communications between the
headend and the nodes, and uses coaxial cable for communications between the nodes and the
end users. Downstream optical communications over the optical fiber are typically converted at
the nodes to RF communications for transmission over the coaxial cable. Conversely, upstream
(or return path) RF communications from the users are provided over the coaxial cables and are
typically converted at the nodes to optical communications for transmission over the optical
fiber. The return path optical link (the optical components in the HFC network, e.g. the
transmission lasers, optical receivers, and optical fibers) contribute to the performance of the
HFC network. More particularly, the optical components contribute to the quality of signals
recetved by the CMTS from the users, and may cause distortion of the signals or otherwise
degrade their quality.

[007] Driving the RF mput power too high at the optical transmitter in the return path
on a node, via either mismanagement of the active channels or ingress noise, often creates excess
distortion and degrades the quality of the received signals at the CMTS. This overdriving
condition 1S typically known as laser clipping, which may be corrected by properly managing the
RF 1nput power to the transmitter and allowing for adequate headroom to withstand ingress
events.

[008] However, the cause for the overdriving condition and laser clipping is often
difficult to detect when it occurs due to the burstiness of the signals typically present on the
return path. Currently, diagnosing the cause for laser clipping requires a technician or engineer

to be at multiple locations within the HFC plant simultaneously with specialized test equipment,
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such as a vector signal analyzer and signal generators. This manual diagnostic process is labor

intensive, time consuming and costly.

[009] Summary Of The Invention

[0010] This disclosure explains an automated process t0 determine dynamic range of the
return path optical link in conjunction with measurements made at the headend via a CMTS
device, which does not require rolling trucks to remote locations within a HFC plant.

[0011] In accordance with principles of the invention, an apparatus for measuring a
network may comprise: a controller configured to instruct a first network element to transmit a
first signal at a first frequency f1 and a second network element to transmit a second signal at a
second frequency f2 so that the first signal and the second signal are received by a common node
at the same time; a receiver configured to receive communications on a third frequency {3 based
on the first signal from the first network element and the second signal from the second network
element, whereby the third frequency f3 is a combination of the first signal from the first
network element at the first fre quency fl and the second signal from the second network element
at the second frequency f2; and a power monitoring unit which 1s configured to measure power
in signals contained in the third frequency, wherein the controller 1s configured to determine a
dynamic range of an optical link based on the measured power in the signals contained in the
third frequency.

[0012] An upper limit to the dynamic range of the optical link may be determined when
an increase in power level in frequency f3 is not in a predictable manner.

[0013] Also in accordance with the present invention a method for determining a

dynamic range of an optical link in a network may comprise the steps of: selecting a first
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network element to transmit a first signal at a first frequency f1 and a second network element to
transmait a second signal at a second frequency 2 so that the first signal and the second signal are
received by a common node at the same time; receiving communications on a third frequency f3,
whereby the third frequency 3 is a combination of the first signal from the first network element
at the first frequency fl and the second signal from the second network element at the second
frequency f2; measuring power in signals contained in the third frequency; and determining a
dynamic range of an optical link based on the measured power in the signals contained in the
third frequency.

[0014] In accordance with the principles of the invention, a computer readable medium
Icarrying instructions for a computer to perform a method for determining a dynamic range of an
optical link 1n a network may comprise the steps of: selecting a first network element to transmit
a first signal at a first frequency fl and a second network element to transmit a second signal at a
second frequency {2 so that the first signal and the second signal are received by a common node
at the same time; receiving communications on a third frequency £3, whereby the third frequency
£3 1s a combination of the first signal from the first network element at the first frequency f1 and
the second signal from the second network element at the second frequency 2; measuring power
in signals contained in the third frequency; and determining a dynamic range of an optical link
based on the measured power in the signals contained in the third frequency.

[0015] The invention enables the technician or engineer to remotely characterize
upstream dynamic range (or headroom) of optical links at a central location, such as the
headened, such as by using the Motorola BSR64000, rather than using external test equipment,
such as the vector signal analyzer and deploying technicians to various locations within the cable

plant. The invention also avoids impacting active services. It also allows the cable operator to
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plan for future offerings and schedule needed maintenance by allowing periodic monitoring of
the dynamic range of the optical link. All measurements may be made through the use of the
existing terminal devices (specifically, DOCSIS terminal devices such as MTAs and cable
modems) as well as headend equipment (specifically a DOCSIS CMTS).

[0016] Accurate knowledge of the dynamic range (or headroom) of an optical link will
enable an operator to utilize the available resources of their network more efficiently, such as by
adding additional network elements to portions of the network, which has a limited dynamic
range, to avoid disruption of the signals from the optical link and to improve signal quality and

network speed.

[0017] Brief Description Of The Drawings

[0018] The following drawings setve to illustrate the principles of the imnvention.

[0019] Figure 1 illustrates an exemplary network in accordance with the principles of the
invention.

[0020] Figure 2 illustrates an exemplary CMTS architecture in accordance with the
principles of the invention.

[0021] Figure 3 illustrates an exemplary receiver arrangement which may communicate
with an exemplary CMTS of the present invention.

[0022] Figure 4 illustrates an exemplary architecture of an optical transceiver in a
headend which may contain an exemplary CMTS of the present invention.

[0023] Figure 5 illustrates an exemplary architecture of a network element which may

communicate with an exemplary CMTS of the present imvention.
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[0024] Figure 6 illustrates an exemplary process in accordance with the principles of the

present invention.

[0025] Detailed Description Of The Invention

[0026] This disclosure provides for a dynamic range characterization of an optical link
and the identification of available upstream frequency regions which would support
communications. The methodology described in this invention instructs two DOCSIS terminal
devices (cable modems or MTAS) to transmit simultaneously and measures the affects on a third
frequency communication channel. Subsequently, power is increased for the two DOCSIS
terminal devices until, nonlinear behavior at a known distortion frequency location is detected.
That is, it monitors the affects of increasing power in the return-path of the cable network on a
communications signal and logs the total power added when the power no longer changes in a
predictable manner. The approach detailed in this disclosure requires that the two DOCSIS
terminal devices reside on the same optical node. A methodology for isolating devices which

reside on the same optical node is provided in a commonly assigned disclosure Attorney Docket
No. BCS04122, entitted METHOD AND APPARATUS FOR GROUPING TERMINAL

NETWORK DEVICES filed on September 5, 2006 and assigned U.S. Serial No. 11/470,034.
Preferably, the dynamic range test should not occur in conjunction with other changes in the

network, such as changing of optical routing, ingress level switching or any other routine or
event that will likely cause RF levels to be unstable.
[0027] Adequate margin should also preferably be available in the network to allow the

addition of 2 DOCSIS channels. A methodology for determining the available power margin in
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a network 1s described in commonly assigned disclosure Attorney Docket No. BCS04121,

entitled METHOD AND APPARATUS FOR DETERMINING THE TOTAL POWER
MARGIN AVAILABLE FOR AN HFC NETWORK filed on October 20, 2006 and assigned
U.S. Serial No. 11/551,014.

10028] Preterably, an active Return Path is providing services at the time that the
operator desires to associate (group) network elements according to common optical nodes.
Also, this test picks test frequency locations based upon avoiding interference of 2™ order
intermods on active data services. We are assuming adequate margin is available such that 3"
order products are not a problem for the active services.

[0029] Figure 1 illustrates an exemplary network in which a plurality of terminal network
elements 8 (e.g. cable modems, set top boxes, televisions equipped with set top boxes, or any
other element on a network such as an HFC network) are connected to a cable modem
termination system (CMTYS) 10 located in a headend 14 through nodes 12 and one or more taps
(not shown). In an exemplary arrangement, headend 14 also contains an optical transceiver 16
which provides optical communications through an optical fiber to the plurality of nodes 12. The
CMTS 10 connects to an IP or PSTN network 6. Those of skill in the art will appreciate that
there may be a plurality of nodes 12 connected to a headend, and a headend may contain a
plurality of CMTS units, each of which contain a plurality of receivers (e.g. 8 receivers) each ot
which communicate with a plurality (e.g. 100 s) of network elements 8. The CMTS 10 may also
contain a spare receiver which is not continuously configured to network elements 8, but may be
selectively configured to network elements 8. Use of a spare receiver is described in commonly
assigned patent application 11/171,066, filed on June 30, 2005 and titled Automated Monitoring

of a Network.
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[0030] Figure 2 illustrates a logical architecture of an exemplary CMTS 10 to facilitate
an understanding of the invention. As illustrated in Figure 2, CMTS 10 may contain a
processing unit 100 which may access a RAM 106 and a ROM 104, and may control the
operation of the CMTS 10 and RF communication signals to be sent by the network elements 8
to the CMTS 10. Processing unit 100 preferably contains a microprocessor 102 which may
receive information, such as instructions and data, from a ROM 104 or RAM 106. Processing
unit 100 1s preferably connected to a display 108, such as a CRT or LCD display, which may
display status information such as whether a station maintenance (SM) 1s being performed or a
receiver 18 1 need of load balancing. An input keypad 110 may also be connected to processing
unit 100 and may allow an operator to provide instructions, processing requests and/or data to
processor 100.

' [003 1] RF transceiver (transmitter/receiver) unit 3 preferably contains a plurality of
transmitters 4 and receivers 2 to provide bi-directional communication with a plurality of
hetwork elements 8 through optical transceivers 16, nodes 12 and a plurality of network taps (not
- shown). Those of skill in the art will appreciate that CMTS 10 may cbntain a plurality of RF
recervers 2, e.g. 8 RF receivers and a spare RF receiver. Each RF receiver 2 may support over
100 network elements. The RF receiver 2, such as a Broadcom 3140 receiver, preferably
provides the received RF signals to an equalizer (not shown) which is used to acquire equalizer
values and burst modulation error ratio (MER) measurements, packet error rate (PER) and bit
error rate (BER). The equalizer is preferably a multiple tap linear equalizer (e.g. a 24 tap linear
equalizer), which also may be known as a feed forward equalizer (FFE). The equalizer may be
integrally contained in RF receiver 2 or may be a separate device. The communication

characteristics of each receiver 2 may be stored on ROM 104 or RAM 106, or may be provided
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from an external source, such as headend 14. RAM 104 and/or ROM 106 may also carry
instructions for microprocessor 102.

[0032] RF receiver 2 may also include a Fast Fourier Transform (FFT) module 108 such
as a Broadcom 3140 receiver FFT, identifies frequencies in the optical signals received and
provides desired frequencies to power monitoring unit 120. Preferably, the FFT supports
different windows, and sample lengths (256, 512, 1024, 2048) with an output of frequency of 0-
81.92 MHz. Minimum resolution results from maximum window length of 2048 samples and
yields an FFT cell resolution of 80 kHz.

[0033] Figure 3 illustrates a logical arrangement of a group of receivers 2 to facilitate an
understanding of the invention. As illustrated in Figure 3 a spare receiver 204 may be tapped
into each of the primary receiver ports 220 (e.g. R0-R7) in a non-intrusive manner. As
illustrated, CMTS receiver ports 220, which may be in the form of Amphenol connectors, are
provided to allow cables, e.g. coaxial cables, (not shown) to be connected with primary receivers
2. The receivers 2 provide data signals to CMTS 10 through ports 212, and spare receiver 204
provides data signals to CMTS 10 through port 214.

[0034] Spare recerver 204 preferably taps into signal lines 221 of primary receiver ports
220 via signal lines 222, and the taps are preferably located where the cable signal comes from
receiver ports 220 into the receivers 2 so both the connected primary receiver 2 and the spare
recerver 204 may receive the same signal. Those of skill in the art will appreciate that each of
the primary receivers 2 (e.g. receivers R0-R7) receive signals according to different
communication characteristics, e.g. communication on a different frequency (RF band) and

communication protocols. Spare receiver 204 is preferably tunable to the RF bands of each of
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the primary receivers 2. Preferably, the spare receiver 204 connects (matrices) with only one
primary receiver 2 at a time.

[0035] When a cable operator initiates a testing operation they may select any registered
network element of their choice or the CMTS 10 may select the network element for them. Once
the network element has been selected it is moved (tuned to the frequency) to the spare receiver
testing data 1s passed to it and the results are measured. Once the testing measurements are
completed the network element is moved back (instructed to retune to frequency of the primary
receiver) to 1ts original primary receiver. This whole process is preferably performed without
deregistering the network element from the network to avoid disrupting the subscriber’s service
or any other services on the primary receiver to other subscribers.

[0036] Figure 4 illustrates further detail of an exemplary optical transceiver 16 in
headend 14. Optical transceiver 16 preferably includes an optical receiver 316 configured to
receive optical signals through an optical fiber from nodes 12. A laser transmitter 312 provides
downstream optical communications to nodes 12 through an optical fiber. Laser transmitter 312
18 typically assigned to communicate with a single node. Signals received by the optical receiver
316 converted to RF signals and transmitted to by RF transmitter 322 to the receivers 2. Signals
from the receivers 2 are received by RF receiver 324 and provided to laser transmitter 312 for
transmission to the nodes 12. CPU 30 preferably contains a microprocessor 301 which interacts
with RAM 306 and ROM 304 and controls the operation of the receiver 316 and the laser 312.

[0037] Upon receiving a downstream communication signal from a network element, via
CMTS 10, CPU 30 preferably provides instructions to modulate one of the laser transmitters 312

to transmut the communication signal to nodes 12. Optical receivers 316 are preferably

10
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configured to monitor the optical signal transmitted by nodes 12, such as by receiving a portion
of the signal.

[0038] Figure 5 illustrates an exemplary network element 8, such as a cable modem.
Network element 8 preferably contains a processor 302 which may communicate with a RAM
306 and ROM 304, and which controls the general operation of the network element 8, including
the pre-equalization parameters and preamble lengths of communications sent by the network
element in accordance with instructions from the CMTS 10. Network element 8 also contains a
transceiver (which includes a transmitter and receiver) which provides bidirectional RF
communication with CMTS 10. Network element 8 may also contain an equalizer umt 316
which may equalize the communications received from and sent to CMTS 10. Network element
8 may also contain an attenuator 320 which may be controlled by microprocessor to attenuate
signals to be transmitted to be within a desired power level. Those of skill in the art will
appreciate that the components of network element 8 have been illustrated separately only for
discussion purposes and that various components may be combined in practice.

[0039] In a preferred implementation, the present invention may use a DOCSIS network
element, such as a cable modem, to generate the test signals. Accordingly, the test signals may
be implemented using one of the available upstream DOCSIS bandwidths, ¢.g. 200 kHz, 400
kHz, 800 kHz, 1600 kHz, 3200 kHz or 6400 kHz. A preferred implementation may use the
narrow 800 kHz bandwidth at the upper band edge where diplexer rolloff is significant since
narrow bandwidths minimize the amount of clean spectrum required within the return path, and
because many modems have problems with the 400 and 200 kHz widths. Wider bandwidths may
be used where available spectrum permits in order to gain improved resolution in the

measurements.

11
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[0040] An exemplary process for automatically determining the dynamic range of the
optical link in the network, e.g. on an optical node is illustrated in Fig. 6. As illustrated in step
SO of Fig. 6, two network elements NE1 and NE2 are selected to be used in the process.
Preferably, the two modems are connected to the same HFC node and return laser, are currently
idle, have sufficient ability to have their transmit power turned up by (15) dB, and can be
controlled remotely by the CMTS to move to new frequencies at command and change their
transmission power level. The two network elements will be instructed to transmit on a channel
which impacts the test frequency, whose power is increased sufficiently to cause loading
(compression) of the RF devices (most likely the return laser transmatter) in the system.

[0041] As illustrated in step S2 of Fig. 6, the power of the test frequency band (Py.s.), €.8-
the expected band for the test frequency £3, such as 42-52 MHz, is measured, and the power in a
1 MHz band around f3 (P.¢) is measured. These measurements provide a reference baseline
power of the test frequency band, as illustrated in Fig. 6. In a preferred implementation, these
measurements may be performed as an incremental power measurement of the band of interest
(42-52) MHz and may be recorded showing amplitude vs. frequency for at least 10 times
showing occupied frequency bands and periodicity of channels on the network and to eliminate
the possibility that a coincidental ingress happened at the exact same instance as the
measurement. An estimation of the total network RF power vs. single channel power may also
be mathematically estimated from measured data.

[0042] The output power level of the selected network elements NE1 and NE2 1s
determined in step S4. The power may be measured at the CMTS, for example by measuring the
received RF power at FFT module 108 and Power monitor module 120. Alternatively, power

may be determined from the settings on attenuator 320 of network element 8. The measured

12
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power of network elements NE1 and NE2 preferably serve as the nominal power setting for PL1
and PL2 in the test.

[0043] As illustrated in step S6 of Fig. 6, network element 1 is assigned to frequency tl
and network element 2 is assigned to frequency f2. Preferably, the f1 and/or {2 are vacant
frequency slots which can occupy QSPK, 800kS/sec. It is assumed that the output power level of
the network elements NE1 and NE2 will not change with the assignment of new frequencies.
Preferably, the measured power level will be the initial power levels PL1 and PL2, respectively.

[0044] Ideally, we want to find two frequencies f1 and f2 to assign network elements
NE1 and NE2 which produce a 2™ order intermod at a third frequency (the test frequency) in the
test frequency band of about 42-52 MHz. Each of the three frequencies are preferably within the
5-42 MHz spectrum. The possible frequencies may be identified by a plurality of techniques,
such as by empirically determining usable frequency regions for QPSK (quadrature phase shift
keying, also referred to as four QAM) transmission from a survey process. The two frequencies
are also preferably selected such that the second order products (f3) from these frequencies do
nof fall 0h desired traffic in the network, if possible. Preferably, frequencies f1 and {2 can be
activated as DOCSIS upstream channels with default upstream CMTS receive levels without
causing any significant harm to any other active services.

[0045] As illustrated in step S8 of Fig. 6, network elements NE1 and NE2 are instructed
to transmit signals at the initial power level PL1 and PL2, respectively so that the signal from the
first network element and the signal from the second network element interfere with each other
to produce a third signal at a third frequency. Accordingly, the signals may be transmitted
simultaneously or the transmission of one of the signals from one of the network element may be

delay to accommodate for transmission delays in the network to make sure the respective signals

13
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from the first network element NE1 and the second network element NE2 are received by their
common node at the same time. PL1 and PL2 may be the same power level and may be at level
L which was assigned as the nominal power level. In this step, network elements 1 and 2 are
preferably instructed to perform a station maintenance (SM) burst at exactly the same time.
Those of skill in the art will appreciate that this may be done by lining up the minislots in the
MAPS for the two upstream channels associated with network elements A and B. Those of skill
in the art will also appreciate that the MAP or MAPS data provide a schedule of time slots which
allocates different network elements specific time intervals in which they are allowed to transmit
data to the CMTS. From a CMTS software perspective, this should not be a complicated
problem as the IM broadcast intervals are already aligned across all channels within a single
spectrum group. The FFT processor should also be configured to trigger samples based upon the
MAP minislot interval when the two SM bursts from the network elements will align.

[0046] The power of the test frequency band (Py,), e.g. the expected band for the test
frequency 13, such as 42-52 MHz, is measured, and the power in a 1 MHz band around f3 (P3) is
measured again, as illustrated in step S10. The power may be measured at the CMTS, for
example by measuring the received RF power at FFT module 108 and Power monitor module
120. Alternatively, power may be determined from the settings on attenuator 320 of network
element 8. It may be desirable to perform steps S8 and S10 a number of times (e.g. 10 times) to
climinate the possibility that a coincidental ingress happened at the exact same instance as the
SM bursts, which may affect the power measurement. In doing so, an average measured power,
a mean measured power or a lowest value of measured power may be used.

10047] The CMTS spare receiver may be used to make the power measurements to avoid

impacting service provided to customers. Alternatively, another receiver could be used to make
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the measurements by being taken “off line” or by adjusting for the impact caused by normal
service.

[0048] If the simultaneous transmission has increased the power levels in the test
frequency band and the IMHz bandwidth around the test frequency in a predictable expected
manner (¢.g. by 9 dB for a 3dB increase in power by NE1 and NE2), step S12, Yes, the optical
link is not degrading the signals, so the power levels PL1 and/or PL2 are increas ed, such as by
3dB, step S18. Steps S8 through S12 are repeated with the increased transmit power levels. If
the simultaneous transmission has increased the power levels in the test frequency band and the 1
MHz bandwidth around the test frequency in an unpredictable manner, step S12, No, the optical
link is degrading the signals, such as by clipping the signals. The meagured power levels of the
test frequency band (Ptb) and the 1 MHz band around 3 (P£3) are compared with the initial
power of the test frequency band (Py..) and the 1 MHz band around 13 (Pf3), from step S2 to
determine the power added, which provides the available headroom in the optical link prior to
degrading the signals. The measured and calculated values are logged in step S16.

[0049] The processes in Figure 6 may be implemented in hard wired devices, firmware or
software running in a processor. A processing unit for a software or firmware implementation is
preferably contained in the CMTS. Any of the processes illustrated in Figure 6 may be
contained on a computer readable medium which may be read by microprocessor 102. A
computer readable medium may be any medium capable of carrying instructions to be performed
by a microprocessor, including a CD disc, DVD disc, magnetic or optical disc, tape, silicon
based removable or non-removable memory, packetized or non-packetized wireline or wireless

transmission signals.
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[0050] The invention enables the technician or engineer to remotely characterize
upstream dynamic range (or headroom) of optical links at a central location, such as the
headened, such as by using the Motorola BSR64000, rather than using external test equipment,
such as the vector signal analyzer and deploying technicians to various locations within the cable
plant. The invention also avoids impacting active services. It also allows the cable operator to
plan for future offerings and schedule needed maintenance by allowing periodic monitoring of
the dynamic range of the optical link. All measurements may be made through the use of the
existing terminal devices (specifically, DOCSIS terminal devices such as MTAs and cable
modems) as well as headend equipment (specifically a DOCSIS CMTS).

[0051] Accurate knowledge of the dynamic range (or headroom) of an optical link will
enable an operator to utilize the available resources of their network more efficiently, such as by
adding additional network elements to portions of the network with a small headroom to avoid

disruption of the signals from the optical link and to improve signal quality and network speed.
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What is claimed is:

1. An apparatus for determining a dynamic range of an optical link in a network comprising:

a controller configured to instruct a first network element to transmit a first signal at a first
frequency f1 and a second network element to transmit a second signal at a second frequency 12 so that
the first signal and the second signal are received by a common node at the same time;

a receiver configured to receive communications on a third frequency 3, whereby the third
frequency f3 is a frequency at which a third signal was produced from interaction between the first
signal at the first frequency f1 and the second signal at the second frequency f2; and

a power monitoring unit which is configured to measure power levels in an RF band comprising

the third frequency while receiving signals on the third frequency,

wherein the controller is configured to determine a dynamic range of the optical link based on

the measured power levels in the RF band comprising in the third frequency.

2. The apparatus of claim 1, wherein the power monitoring unit is further configured to
measure power levels in an expected frequency band of the third frequency, the expected trequency

band being less than an assigned communication bandwidth of an upstream communication bandwidth

of the network.

3. The apparatus of claim 2, wherein the power monitoring unit is further configured to

measure power in a | MHz band around the third frequency 13.
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4. The apparatus of claim 1, wherein the controller is configured to determine an upper limit
to the dynamic range of the optical link by determining when an increase in power level in frequency 13

1S 1n an unpredictable manner.

. The apparatus of claim 4, wherein the controller is configured to instruct at least one of
the first network element or the second network element to increase transmission power of the first
signal or the second signal, respectively, when the upper limit of the dynamic range of the optical link

has not been reached.

6. The apparatus of claim 1, wherein the first frequency f1 and the second frequency 2 are
selected so that an interaction between f1 and f2 produces an intermodulation frequency at the third

frequency 13.

7. A method for determining a dynamic range of an optical link in a network comprising the
steps of:
selecting a first network element to transmit a first signal at a first frequency f1 and a second

network element to transmit a second signal at a second frequency 2 so that the first signal and the
second signal are received by a common node at the same time;
receiving communications on a third frequency 3, whereby the third frequency 13 is a frequency

at which a third signal was produced from interaction between the first signal at the first frequency 11

and the second signal at the second frequency 12;

measuring power in signals contained in the third frequency; and

18



CA 02646100 2015-02-02

determining a dynamic range of the optical link based on the measured power levels in the RF

band comprising the third frequency.

8. The method of claim 7, wherein the step of measuring power measures power in an

expected frequency band of the third frequency, the expected frequenéy band being less than an assigned

communication bandwidth of an upstream communication bandwidth of the network.

9. The method of claim 8, wherein the step of measuring power measures power in a 1 MHz

band around the third frequency 13.

10.  The method of claim 7, wherein the step of determining a dynamic range of the optical

link determines an upper limit to the dynamic range of the optical link by determining when an increase

in power level in frequency 13 is in an unpredictable manner.

11.  The method of claim 7, further comprising the step of instructing at least one of the first
network element or the second network element to increase transmission power of the first signal or the
second signal, respectively, when an upper limit of the dynamic range of the optical link has not been

reached.

12.  The method of claim 7, wherein the first frequency f1 and the second frequency 12 are
selected so that an interaction between f1 and 2 produces an intermodulation frequency at the third

frequency 3.
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13. A computer readable medium having recorded thereon computer-executable instructions
that when executed by a computer perform a method for determining a dynamic range of an optical link
in a network comprising the steps of:

selecting a first network element to transmit a first signal at a first frequency f1 and a second
network element to transmit a second signal at a second frequency f2 so that the first signal and the
second signal are received by a common node at the same time;

recerving communications on a third frequency 3, whereby the third frequency f3 is a frequency
at which a third signal was produced from interaction between the first signal at the first frequency f1
and the second signal at the second frequency 12;

measuring power in signals contained in the third frequency; and

determining a dynamic range of the optical link based on the measured power levels in the RF

band comprising the third frequency.

14.  The computer readable medium of claim 13, wherein the step of measuring power
measures power 1n an expected frequency band of the third frequency, the expected frequency band

being less than an assigned communication bandwidth of an upstream communication bandwidth of the

network.

15. The computer readable medium of claim 14, wherein the step of measuring power

measures power in a 1 MHz band around the third frequenéy £3.
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16.  The computer readable medium of claim 13, wherein the step of determining a dynamic
range of an optical link determines an upper limit to the dynamic range of the optical link by

determining when an increase in power level in frequency 13 1s in an unpredictable manner.

17.  The computer readable medium of claim 13, further comprising the step of instructing at
least one of the first network element or the second network element to increase transmission power of
the first signal or the second signal, respectively, when an upper limit of the dynamic range of the

optical link has not been reached.

18.  The computer readable medium of claim 13, wherein the first frequency 1 and the
second frequency f2 are selected so that an interaction between f1 and f2 produces an intermodulation

frequency at the third frequency 13.
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