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1. Introduction

Upstream triggered spectrum capture (UTSC) is a proactive network maintenance (PNM) test defined in
the DOCSIS 3.1 CCAP Operations Support System Interface specification (OSSI-CCAPv31. This PNM
test is supported for both integrated CCAPs with local radio frequency (RF) ports as well as for
distributed access architectures (DAA) with a shift of RF generation and reception in remote PHY (R-
PHY) to the outside plant.

This functionality facilitates the capture of upstream spectrum data from the CCAP or remote PHY device
(RPD) remotely and allows operators to move from using that information not only as a real time
diagnostic tool, but to a more effective automated triggered capture and analysis function applied to
transient events.

As game changing as this feature is for troubleshooting intermittent impairments, it is not without its
deployment and operational challenges.

This paper will endeavor to explain the operational theory of UTSC, and include:

e Operationalization methods like simple network management protocol (SNMP), trivial file
transfer protocol (TFTP), and layer two tunneling protocol (L2TP)

e Challenges that come along with each of those options

e Benefits of each option including factors like scalability and data refresh rates

e Caveats of each option including cost and implementation requirements like hardware and
routing, as well as link utilization

e Considerations that need to be evaluated which include security.

e Use Cases

2. What is Upstream Triggered Spectrum Capture?

In cable broadband networks, data is transmitted in two directions: downstream, from the CCAP core to
the end-user, and upstream, from the end-user back to the CCAP core. To ensure efficient use of available
bandwidth and to monitor for interference, cable modems and CCAP’s can use a mechanism called
spectrum capture to identify a variety of impairment conditions.

In traditional cable systems, spectrum capture is done manually, either using a spectrum analyzer
connected directly to a network element within the plant, or remotely using a dedicated hardware platform
in the headend monitoring each RF link. Either way it is utilized, it requires eyes on glass when an
impairment is present and is not the most efficient when dealing with dynamic network conditions or
sudden bursts of data.

PNM’s spectrum capture feature allows downstream spectrum to be captured by the cable modem and
provides many more visibility points than are possible using field test equipment.

UTSC provides an alternative, software-based approach to monitoring the upstream spectrum. It allows
for upstream spectrum data to be captured in an automated fashion either in real-time or based on a
predetermined trigger. The trigger can be based on numerous factors, such as network congestion, Quality
of Service (QoS) requirements, or simply a time-based schedule. When triggered, it captures the spectrum
data for upstream channels of interest which can be displayed in real-time, analyzed via an algorithm, or
stored for future analysis by a technician or engineer.

© 2023, SCTE® CableLabs® and NCTA. All rights reserved. 3
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By employing UTSC, cable broadband networks can adapt to changing conditions more efficiently,
leading to better overall performance and reduced interference. This technique allows for more intelligent
and dynamic management of the available spectrum, leading to a more reliable and robust internet
experience for users.

3. Why use Upstream Triggered Spectrum Capture?

UTSC offers several significant benefits for cable and network operators. These benefits contribute to
improved network performance, enhanced troubleshooting capabilities, and better customer satisfaction.
Here are the key advantages that UTSC offers:

e Proactive Issue Detection: UTSC enables operators to proactively detect intermittent
impairments and issues in upstream data transmission. By continuously monitoring QoS
parameters and capturing spectrum data when thresholds are crossed, operators can identify
problems before they escalate, allowing for timely intervention.

e Faster Troubleshooting: Capturing spectrum data during critical events provides valuable
insights into the root causes of intermittent impairments. Network engineers can analyze the
captured data to pinpoint the exact time and location of the issue, streamlining the
troubleshooting process and reducing the Mean Time to Repair (MTTR).

e Optimized Resource Allocation: By identifying areas with intermittent impairments, operators
can optimize their resource allocation and prioritize network upgrades or maintenance efforts
where they are most needed. This targeted approach ensures that resources are used efficiently
and effectively.

e Improved Network Performance: Timely detection and resolution of intermittent impairments
leads to improved network performance and stability. This translates to better service quality for
end-users, reduced service disruptions, and higher customer satisfaction.

e Enhanced Customer Experience: With fewer service disruptions and improved network
performance, UTSC contributes to a positive customer experience. Customers are less likely to
experience issues like slow speeds, packet loss, or high latency.

e Proactive Network Maintenance: Operators can use captured spectrum data to identify potential
issues and trends in the network. This insight allows them to proactively address network
maintenance requirements, reducing the likelihood of major service outages.

¢ Quality Assurance and Benchmarking: The captured spectrum data serves as a benchmark for
network performance. operators can compare historical data to current performance, identifying
improvements and ensuring that the network meets or exceeds quality standards.

e Data-Driven Decision Making: UTSC provides operators with valuable data for informed
decision making. Data analysis helps prioritize investments, plan upgrades, and optimize network
capacity.

e Supports Remote Monitoring: Remote monitoring of upstream channels enables operators to
monitor network performance from a centralized location, reducing the need for physical on-site
interventions.

e Reduced Capital and Maintenance Costs: UTSC offers a pure software-based return path
monitoring, and does not require the expensive hardware utilized by traditional return path
monitoring system.

e Competitive Advantage: Implementing UTSC sets an operator apart from competitors,
demonstrating a commitment to network excellence and customer satisfaction.

e Regulatory Compliance: In some regions, regulatory authorities may require operators to
demonstrate their ability to monitor and troubleshoot network issues. UTSC can help meet these
compliance requirements.

© 2023, SCTE® CableLabs® and NCTA. All rights reserved. 4
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UTSC provides a proactive approach to network monitoring, troubleshooting, and maintenance. By
capturing intermittent impairments and identifying their root causes, operators can optimize network
performance, enhance customer satisfaction, and maintain a competitive edge in the market.

4. Operational Theory and Requirements

UTSC as defined in the PNM section of the DOCSIS 3.1 OSSI CCAP specification evolved out of
proprietary upstream spectrum capture capabilities offered by several CCAP vendors. This functionality
leverages the ability of the RF port burst receiver, either on an integrated line card in an iCCAP, R-PHY
device (RPD), and Remote MACPHY (R-MACPHY/RMD) to capture the upstream spectrum. The RF
data is sampled in the time domain with an analog-to-digital converter (ADC) and then converted to the
frequency domain using a fast Fourier transform (FFT) to produce a digital spectrum sample. This data is
then transmitted to, or collected by, a PNM server for display, storage, and analysis. Legacy CCAP
spectrum capture used SNMP to both request a spectrum capture, and read the results.

In DOCSIS 3.1, a PNM bulk data retrieval mechanism was defined where the device under test (DUT)
being either a cable modem or CCAP would transmit large data sets like spectrum capture more
efficiently. The request for data, or test, is still configured and initiated using SNMP but the data is then
pushed from the DUT rather than being read via SNMP. The specification requires that the DUT pushes
the data using the trivial file transfer protocol (TFTP), copying the results to a remote destination, a PNM
server. The file format for each of the PNM tests is defined in the DOCSIS 3.1 OSSI specifications.

With the introduction of DAA, an additional mechanism was defined for UTSC where the captured data
is pushed directly from the RPD over an L2TP pseudowire. This bypasses the CCAP and delivers the data
as a raw binary data stream.

To fully leverage the capabilities provided by UTSC, several back-office functions are required, including
a PNM server to configure and receive the spectrum data via TFTP and L2TP pseudowires, a monitoring
server to collect additional burst receiver statistics, an analysis server to process and analyze the received
data, and various display, alarm, and reporting servers providing user interface functions.

Figure 1 shows the different required functions, their connections, and communication protocols.
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Figure 1 — Functions, Connections, and Protocols
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5. Operationalization Options

5.1. Implementation Table

Table 1 provides an at-a-glance overview of the implementation methods available for upstream spectrum
capture. It includes both vendor proprietary and specification-defined options and some of the pertinent
information required to make an informed decision.

Table 1 — UTSC Implementation Methods

. . Data .
Configuration Capture . Display Refresh Spectrum
Technology Method Method Pros Cons Streaming Rates Resolution Comments
Rates
iCCAP SNMP SNMP - Simple SNMP - Vendor proprietary < 50 kbps 2s-10s 50 kHz-300 kHz; - Vendor proprietary
request-response implementations typically, 150 kHz implementation (for more
implementation - Slow refresh rate information, speak with
- Provides upstream - Unable to capture fast the CCAP vendor).
spectrum visibility at noise bursts - Spectrum resolution is
lower cost - Resource heavy on configurable based on
- Supports polling CCAP limiting vendor implementations.
during active or quiet concurrent captures The finer the resolution,
probes the more data that must
be returned and,
therefore, the slower the
data refresh rate will be.
- Note that the data
streaming/refresh rate is
dependent upon the
SNMP response time of
the CCAP.
iCCAP SNMP TFTP - Standards-based - Not all PNM UTSC ~ 1 Mbps 200 ms-1s 50 kHz for sub-split - ATFTP file is generated
PNM UTSC solution features supported and mid-split; each second and may
- Provides upstream across all CCAP 100 kHz for high-split | contain one or more
spectrum visibility at a vendors and up captures, resulting in a
higher refresh rate - More complex file size of 7 kB to 70 kB.
- Requires less CCAP implementation to
CPU resources while support asynchronous
polling data push and analysis
- May support polling
during active or quiet
probes
rCCAP/ SNMP SNMP - Simple SNMP - Vendor proprietary < 50 kbps 2s-10s 50 kHz-300 kHz; - Vendor proprietary
VvCCAP request-response implementation typically, 150 kHz implementation (for more
implementation - Slow refresh rate information, speak with
- Provides upstream - Unable to capture fast the CCAP vendor).
spectrum visibility at noise bursts - Spectrum resolution is
lower cost - Resource heavy on configurable based on
- Supports polling CCAP limiting vendor implementations.
during active or quiet concurrent captures The finer the resolution,
probes the more data that must
be returned and,
therefore, the slower the
data refresh rate will be.
- Note that the data
streaming/refresh rate is
dependent upon the
SNMP response time of
the CCAP.
rCCAP/ SNMP TFTP - Standards-based - Not all PNM UTSC ~ 1 Mbps 200 ms-1s 50 kHz for sub-split - ATFTP file is generated
VvCCAP PNM UTSC solution features supported and mid-split; each second and may
- Provides upstream across all CCAP 100 kHz for high-split | contain one or more
spectrum visibility at a vendors and up captures, resulting in a
higher refresh rate - More complex file size of 7 kB to 70 kB.
- Requires less CCAP implementation to
CPU resources while support asynchronous
polling data push and analysis
- May support polling - Not supported by all
during active or quiet CCAP vendors
probes
rCCAP/ SNMP L2TP - Standards-based - Configuration 80 Mbps—100 100 ms—200 ms 50 kHz for sub-split - Identified in CM-SP-R-
VvCCAP PNM UTSC solution mechanism not Mbps and mid-split; PHY that it is to be
- Constant data stream | specified, so vendor 100 kHz for high-split | 100 kHz or finer.
being transmitted direct | proprietary and up
from the RPD - Not all PNM UTSC
- Fast capture features supported
granularity allows for across all CCAP
detection of noticeably | vendors
short noise bursts - More complex
implementation to
support asynchronous
data push and analysis
- High data streaming
rate may limit number
of concurrent captures

5.2. iCCAP Implementation

Upstream spectrum capture functionality is supported across several implementation methods and varies
by CCAP vendor and technologies such as integrated line card ports versus DAA ports.

© 2023, SCTE® CableLabs® and NCTA. All rights reserved.
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Vendor proprietary implementations using SNMP to configure and request spectrum capture data are
available from several CCAP vendors. Operators and implementors should consult with the equipment
manufacturer for specific implementation details. As this method uses SNMP to request and retrieve data,
spectrum display refresh rates are constrained by the SNMP response time of the CCAP and network.
Additionally, there may be limitations on the number of concurrent spectrum captures that can be
supported either due to line card limitations and/or system processor card resources. A typical spectrum
display using this method can produce spectrum data at 100 kHz resolution being updated every 1-10
seconds. Finer resolution may be possible, but this will have an impact on the refresh rates, as more data
must be processed by the CCAP and returned to the PNM application.

The DOCSIS 3.1 specifications introduced UTSC to standardize the configuration interface for spectrum
capture, as well as introduce additional capture modes based on triggered events. Rather than using
SNMP to deliver results, TFTP is used to push data in a more concise format from the CCAP to the PNM
application by most vendors. To date, UTSC functionality has been implemented by several CCAP
vendors; however, not all capture modes are supported, and there are also differences in the configuration
method based on CCAP vendor and software release. There are also some differences in the data from the
CCAP to the PNM application, some containing multiple samples per file with new files being generated
each second, whereas others produce just one sample per file, per second. Using this method, it is possible
to generate spectrum displays with 50-kHz resolution updating every 100 ms to 200 ms if multiple
captures per file are supported or updating every second if just a single sample is captured. This method
also significantly reduces the load on the CCAP system processor and network, as the raw spectrum data
is not being encapsulated in an SNMP payload.

Implementations of UTSC vary in cost and complexity, dependent on whether historical data is required.
Data storage and the associated operational costs will then become a factor requiring consideration. As an
example, in the TFTP implementation, the capture files transferred from the CCAP vary because of the
difference in the number of capture samples they contain. Usage and visualization of the data in all three
methods defined also incur higher development costs based on how the implementer decides to present
the data and the number of users they wish to support.

5.3. Remote Phy Device UTSC Implementation

Section 15.3 of the CableLabs Remote PHY Specification, CM-SP-R-PHY-117-220531, describes the
operation of UTSC in an R-PHY environment and how the spectrum is captured by the RPD and
delivered to the CCAP core or a PNM server via pseudowires. It also states that configuration and control
is via the CCAP core and modeled after the DOCSIS 3.1 specifications. The Remote PHY OSS Interface
Specification, CM-SP-R-OSSI-119-220930, states that there are no additional PNM requirements to
support UTSC.

Unlike the iCCAP TFTP transfer mechanism, the L2TP implementation produces a steady data stream,
with much larger data streaming rates that will push significantly more data to the users. This higher
stream rate also limits the number of concurrent streams, depending on how the network is built. Using
this method, it is possible to generate spectrum displays with similar resolution to the iCCAP TFTP
method described above and even faster refresh rates; though this introduces higher load on the network
and PNM application as more data is transmitted and processed.

Though the DOCSIS 3.1 CCAP OSSI describes the configuration mechanism to allow UTSC data to be
delivered to a PNM server via TFTP or future streaming protocols, it does not support the use case where
spectrum capture data is delivered to a PNM server via a pseudowire directly from an RPD. As such,
vendors have implemented differing proprietary configuration mechanisms to support this scenario.

For specific configuration steps and capabilities, implementers should consult with the specific CCAP
core equipment vendors. As the configuration is via the CCAP core, which then configures the RPD

© 2023, SCTE® CableLabs® and NCTA. All rights reserved. 7



SCTE - A

CABLE@TEC 5023 Fall

EX PO 23 (‘ Technical Forum
N7 SCTE' - CRBLELABS® - NCTA

spectrum capture function via generic control plane (GCP), the functionality supported may also be
impacted by this configuration interface and RPD capabilities, requiring further consult with specific RPD
vendors. The current proprietary configuration methods include custom configuration of
docsPnmCmtsUtscCfgTable parameters or use of a vendor specific MIBs. These configuration options
are meant to allow the CCAP core to direct the RPD where to send its spectrum capture data and the
destination end point for required pseudowires.

Once configured, however, and as described in the remote PHY specification, spectrum capture data is
streamed to a PNM server over an L2TP pseudowire. Depending upon the configured frequency span and
output format, the spectrum data may span one or more PSP segments and PSP packets, as described in
the CableLabs Remote Upstream External PHY Interface Specification, CM-SP-R-UEPI-113-201207.

It should be noted that, to support spectrum capture data delivered via an L2TP pseudowire, the network
between the RPD and the PNM server and any firewalls therein must be configured to allow LT2P traffic,
IP Protocol 115, to traverse. Additionally, the data streamed from the RPD is typically delivered at the
capture and process rate of the RPD. In real-world testing, this may be in the order of 80+ Mbps per port
for a mid-split configuration, so adequate network resources must be available to support these rates.

Figure 2 shows a screenshot of a spectrum capture from an RPD port at 50-kHz resolution and refreshing
every 100 milliseconds using UTSC data streamed directly from the RPD over a pseudowire. Note the
waterfall plot at the bottom, which also allows some discovery of intermittent issues.
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Figure 2 — UTSC spectrum display (courtesy Akleza)
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6. Triggers

Triggering the capture of upstream spectrum data in cable broadband networks can be achieved using
various methods. UTSC defines several automatic triggers that can be implemented by the CCAP, and
RPD/RMD to initiate spectrum capture. To date not all of these have been implemented universally across
CCAP vendors. A spectrum capture request may also be triggered by an external application based on
other conditions or monitored statistics. The selection of a specific triggering method depends on the
network's requirements and the capabilities of the headend equipment. Here are some options for
triggering the capture:

e Periodic Time-Based Trigger: Scheduled periodic triggers at specific intervals. For example, it
might send a trigger command to all upstream ports in the network every few minutes, prompting
them to capture spectrum data and report back. Note that CCAP resource limitations may require
spectrum captures to be staggered across RF ports based on the line card, RPD, and CCAP limits
on the number of concurrent spectrum captures.

e Dynamic Trigger Based on Congestion or Utilization: Network teams regularly monitor
network congestion levels. If automated, congestion is detected exceeding a certain threshold, it
can trigger spectrum capture for specific upstream ports that are potentially causing the
congestion or experiencing it. They can automate analysis of channel utilization patterns and
trigger the capture for upstream ports that are experiencing high utilization.

o Trigger Based on Quality-of-Service Metrics: QoS parameters, such as latency, packet loss, or
jitter, can be monitored by the CCAP. If QoS metrics fall below acceptable levels, an automation
can initiate the spectrum capture process to investigate potential causes.

e User-Requested Trigger: Technicians will require the ability to initiate the spectrum capture
process themselves. This could be done through an application or user interface provided by
operational support systems, allowing them to investigate and review the spectrum as changes are
made in real time.

It is worth noting that the choice of triggering method and the frequency of capturing spectrum data
should strike a balance between the need for real-time network adjustments and the overhead involved in
the capture process. Additionally, the triggers should be implemented securely to prevent any potential
abuse or unauthorized access to the spectrum data. The specific implementation may vary based on the
equipment used and the specific requirements of the cable broadband network.

7. Considerations and Limitations

Implementing UTSC comes with various considerations and limitations that operators and network
administrators should be aware of.

7.1. Considerations:

o Hardware and Software Compatibility: Ensure that the network devices support upstream
spectrum capture and are compatible with the trigger commands. Upgrading or replacing legacy
hardware may be necessary to implement the feature across the network.

¢ Real-Time Monitoring Infrastructure: Implementing UTSC requires a robust real-time
monitoring infrastructure capable of continuously monitoring and analyzing various QoS
parameters.

e Threshold Setting: Carefully determine appropriate thresholds for triggering spectrum capture.
Setting them too low may lead to excessive captures, while setting them too high may cause
major events to be missed.

© 2023, SCTE® CableLabs® and NCTA. All rights reserved. 9
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e Data Handling and Storage: Spectrum capture generates significant data volumes, and operators
need adequate storage and data management solutions to manage the captured data efficiently.

e Data Privacy and Security: Capturing spectrum data may involve sensitive information. Ensure
that appropriate data privacy and security measures are in place to protect user data.

e Data Analysis and Expertise: Analyzing captured spectrum data requires expertise in
interpreting the information and diagnosing network issues effectively.

o Impact on Network Performance: Triggering and capturing spectrum data can put additional
load on the network, affecting customer traffic and service quality. Minimize the impact on
network performance during captures.

e Data link utilization: Spectrum data captures utilize the same links which also support customer
data and device control. Depending on the implementation, the additional overhead required can
create an impact to customer services if oversubscribed.

e Network Scale: For large operator networks with numerous subscribers and network devices,
implementing UTSC across the entire infrastructure can be a complex task that requires careful
planning and coordination.

e Trigger Accuracy: Ensuring accurate and precise triggering of spectrum capture is crucial. False
positives (capturing when no real issue exists) or false negatives (failing to capture during actual
issues) can lead to inefficiencies in troubleshooting and diagnosing network problems.

7.2. Limitations:

o Intermittent Issues: Capturing intermittent problems can be challenging, as they may not occur
frequently or predictably. Some issues may be missed if they do not align with the trigger criteria.

e Capture Window: The duration of spectrum capture may be limited, and capturing long-duration
intermittent issues may require fine-tuning the capture duration.

o Resource Constraints: Implementing UTSC requires additional network resources for
monitoring and data storage, which may be limited in some environments.

e Device Support: Not all network devices may support upstream spectrum capture, limiting the
scope of implementation.

e Costs: Implementing and maintaining the necessary infrastructure for UTSC can involve
significant costs, including hardware, software, and personnel training.

e Complexity: The implementation and management of UTSC can be complex, requiring careful
planning and coordination.

e Testing and Validation: Thorough testing and validation are essential to ensure the system
functions as intended and does not introduce novel issues.

¢ Frequency of Capture: Frequent triggering and capturing can generate a large amount of data,
making it challenging to manage and analyze effectively.

It is crucial for operators to thoroughly evaluate these considerations and limitations before deciding to

implement UTSC. Proper planning, testing, and optimization can help maximize the benefits of the
feature while minimizing its impact on the network and ensuring a positive user experience.

© 2023, SCTE® CableLabs® and NCTA. All rights reserved. 10
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8. Operational Process, Implementation and Use Cases

8.1. Operational Process

Figure 3 shows the operational process required for effective use of UTSC
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Figure 3- Operational Process Map

8.2. General Implementation requirements

The following list of requirements apply to all potential use cases for triggering and capture of upstream
spectrum data. They are necessary to ensure that the captures are generated and transmitted accurately and
efficiently and to mitigate any potential impact to the network and its customers.

L.

IL.

II1.

Iv.

VL

VIL

VIIL

IX.

Configuration: Automation will be necessary to conduct the necessary commands and capture the
spectrum data. The necessary network infrastructure will be necessary to support this and must be
appropriately configured with data routes, access permissions, and the necessary compute power
and storage capabilities required.

CCAP Communication Protocol: Ensure that the CCAP can communicate using a standardized
communication protocol that allows the transmission of the trigger command and spectrum data.
In the cable network this include SNMP (simple network management protocol), TFTP (trivial
file transfer protocol), or L2TP (layer two tunneling protocol).

CCAP Compeatibility: Verify that all the CCAP’s in the network support the periodic time-based
trigger functionality. If any CCAP does not support it, you may need to consider alternative
methods for triggering spectrum capture for those devices.

Time Synchronization: To maintain accurate timing for triggers, make sure that all devices in the
network, including the headend and cable modems, are time-synchronized using a reliable time
source (e.g., NTP - network time protocol).

Security and Authorization: Ensure that the triggering mechanism is secure and properly
authorized to prevent unauthorized access to the spectrum data or manipulation of the triggering
process.

Privacy Considerations: Ensure that the user-requested trigger process complies with data privacy
regulations and that user data is managed securely.

Error Handling: Implement appropriate error handling and logging mechanisms in the headend to
deal with any issues that may arise during the trigger process.

Testing and Optimization: Thoroughly evaluate the periodic time-based trigger implementation in
a controlled environment before deploying it in the live network. Fine-tune the trigger intervals
and settings based on the network's performance and requirements.

User Feedback: Consider providing feedback to the user regarding the success of the spectrum
capture request or any potential issues detected during the process.
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8.3. Implementing a Periodic Time-Based Trigger

Implementing a periodic time-based trigger for upstream spectrum capture involves setting up a schedule
that triggers the capture process at specific intervals. To implement a periodic time-based trigger:

L.

II.

III.

IV.

Define the Trigger Interval: Determine the time interval at which you want to trigger the
spectrum capture process. For example, one may decide to trigger the capture every 5 minutes,
every hour, or any other desired frequency.

Create a Trigger Command: Design a specific trigger command or message that will be sent from
the headend to the CCAP. This command will instruct the CCAP to initiate the spectrum capture
process.

Implement Trigger Scheduler: Within the headend software, implement a trigger scheduler that
will initiate the trigger command at the defined time intervals. This scheduler should send the
trigger command to the CCAPs in the network.

Data Analysis: Once the spectrum data is collected, the headend should process and analyze the
captured information to assess the performance of different channels and identify potential issues.

Using a periodic time-based trigger, operator’s can systematically and regularly capture spectrum data,
enabling real-time monitoring and optimization to provide a better user experience and ensure efficient
network performance.

8.4. Implementing Quality of Service Triggers

QoS parameters are essential for ensuring a certain level of performance and user experience in a
network. When implementing triggers for upstream spectrum capture, QoS parameters can be used as a
basis to determine when spectrum data should be captured.

8.4.1. Quality of Service Parameter Triggers

Here are some common QoS parameters that can be used for triggers and how they can be implemented:

Latency: Latency refers to the time it takes for a data packet to travel from the source to the
destination. High latency can result in delays and sluggish network performance. Triggers can be
set to activate spectrum capture if the latency exceeds a predefined threshold, indicating potential
network congestion or issues.

Packet Loss: Packet loss occurs when data packets are dropped or fail to reach their destination.
Excessive packet loss can degrade the user experience, especially in real-time applications like
video conferencing or online gaming. Triggers can be designed to capture spectrum data when
packet loss rates cross a certain limit.

Jitter: Jitter is the variation in the delay of received packets. It can lead to disruptions in audio
and video streams. If the jitter exceeds a specified level, it can trigger the capture of spectrum
data to investigate the cause.

Bandwidth Utilization: Monitoring the bandwidth utilization of individual cable modems or
specific channels can help identify congestion or heavy data usage. Triggers can be set to capture
spectrum data for modems or channels experiencing high bandwidth utilization.

Signal-to-Noise Ratio (SNR): SNR measures the strength of the signal compared to the
background noise. Low SNR values can lead to poor data transmission and reception. Triggers
can be implemented to capture spectrum data when SNR falls below a certain threshold.
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e Modulation Errors: Modulation errors occur when the data encoding and decoding process
experiences issues, leading to corrupted data. Triggers can be set to capture spectrum data when
the number of modulation errors exceeds a specified limit.

e Service-Level Agreement (SLA) Compliance: Operators often offer SLAs to customers,
specifying certain performance guarantees. Triggers can be implemented to capture spectrum data
when the network is not meeting the SLA commitments.

8.4.2. Implementation of Triggers:

I.  Monitoring System: Implement a monitoring system at the cable headend that continuously tracks
the QoS parameters for each cable modem or upstream channel. The system should be capable of
analyzing the real-time data to detect any deviations from the predefined thresholds.

II.  Threshold Configuration: Set appropriate thresholds for each QoS parameter based on the desired
network performance and user experience. Thresholds should be carefully chosen to avoid
unnecessary triggering due to normal fluctuations.

HI.  Triggering Mechanism: When the monitoring system detects that a QoS parameter has exceeded
its threshold, it should trigger the spectrum capture process for the relevant cable modems or
channels. This can be achieved by sending commands to the CCAP to initiate the capture.

IV.  Data Analysis and Response: Once the spectrum data is captured, the headend should analyze it
to identify the cause of the QoS degradation. Based on the analysis, appropriate measures should
be taken to address the issue, such as optimizing channel selection, adjusting modulation profiles,
or resolving network congestion.

By implementing triggers based on QoS parameters, customer service health can be proactively
monitored and their performance managed, leading to a better user experience and more efficient use of
available network resources.

8.5. Implementing a User-Requested Trigger

User-requested triggers allow for remote monitoring while troubleshooting events in real time. It allows
the technician or engineer to view the impact of any changes being made to the network as they are made,
allowing them to determine whether the impairment has been mitigated or resolved. This proves
especially useful as RF board within fibre nodes and amplifiers are being converted to use digital
attenuation and equalization.

To implement a user-requested trigger:

I.  User Interface Development: Develop a user-friendly interface that allows users to request the
spectrum capture. This interface could be a web portal, a mobile app, or any other user-accessible
platform.

II.  Authentication and Authorization: Implement a secure authentication mechanism to ensure that
only authorized users can access the trigger functionality. Users may need to log in with their
credentials before they can use the feature.

III.  User Permissions: Determine which users or customer groups should have access to the trigger
feature. Depending on the network's configuration, not all users may be allowed to request
spectrum capture.

IV.  Trigger Request Form: Create a form or button within the user interface that enables users to
request the spectrum capture. This form should include relevant information, such as the user's
account details and any additional notes or comments.

© 2023, SCTE® CableLabs® and NCTA. All rights reserved. 13
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V.  Command Generation: When a user submits the trigger request form, the system should generate
a specific command or message that instructs the CCAP to initiate the spectrum capture process.
VI.  Data Analysis and Response: Once the spectrum data is captured, the headend should analyze it
to identify the cause of the QoS degradation. Based on the analysis, appropriate measures should
be taken to address the issue, such as optimizing channel selection, adjusting modulation profiles,
or resolving network congestion.

8.6. Implementing a Dynamic Trigger based on Utilization or Congestion
8.6.1. Implementing a Dynamic Trigger based on Congestion

Implementing a dynamic trigger based on congestion for upstream spectrum capture involves
continuously monitoring network congestion levels and triggering the capture process for specific cable
modems or channels when congestion exceeds a predefined threshold. To implement a dynamic trigger
based on congestion:

I.  Congestion Monitoring: Set up a congestion monitoring system at the cable headend that
continuously tracks network congestion levels in real-time. This system should analyze various
performance metrics to detect congestion, such as packet loss rates, latency, and bandwidth
utilization.

II.  Define Congestion Threshold: Determine the threshold value beyond which the network is
considered congested. This threshold could be based on a combination of different congestion
metrics or a single critical metric that indicates congestion severity.

II.  Congestion Evaluation Interval: Decide on the frequency at which the congestion monitoring
system evaluates congestion levels. It could be on a continuous basis or at specific intervals (e.g.,
every few seconds).

IV.  Trigger Command Generation: When the congestion monitoring system detects that the network
congestion has exceeded the predefined threshold, it should generate a specific trigger command
or message.

V.  Identify Affected Modems or Channels: Based on the congestion analysis, the system should
identify the cable modems or upstream channels that are experiencing the highest levels of
congestion.

VI.  Data Analysis: Once the data is collected, the operator’s system can process and analyze the
spectrum information to understand the congestion patterns and potential causes.

VII.  Optimization and Load Balancing: Analyze the captured data to identify channels or areas that are
consistently experiencing congestion. Based on the analysis, the operator can optimize channel
assignments and implement load balancing strategies to alleviate congestion issues.

8.6.2. Implementing a Dynamic trigger based on Utilization

Implementing a dynamic trigger based on utilization for upstream spectrum capture involves continuously
monitoring the utilization levels of different channels or cable modems in real-time and triggering the
capture process when utilization exceeds a predefined threshold. To implement a dynamic trigger based
on utilization:

I.  Utilization Monitoring: Set up a utilization monitoring system at the cable headend that
continuously tracks the utilization levels of upstream channels or individual cable modems in
real-time.
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II.

II1.

Iv.

VL

VIL

Define Utilization Threshold: Determine the threshold value beyond which a channel or cable
modem is experiencing high utilization. This threshold could be a percentage of the maximum
available bandwidth or a specific data rate.

Utilization Evaluation Interval: Decide on the frequency at which the utilization monitoring
system evaluates the utilization levels. It could be on a continuous basis or at specific intervals
(e.g., every few seconds).

Trigger Command Generation: When the utilization monitoring system detects that the utilization
of a channel or cable modem has exceeded the predefined threshold, it should generate a specific
trigger command or message.

Identify Affected Modems or Channels: Based on the utilization analysis, the system should
identify the cable modems or upstream channels that are experiencing high utilization levels.
Data Analysis: Once the data is collected, the operator’s system can process and analyze the
spectrum information to understand the utilization patterns and potential causes of high
utilization.

Optimization and Load Balancing: Analyze the captured data to identify channels or cable
modems that are consistently experiencing high utilization. Based on the analysis, the operator
can optimize channel assignments and implement load balancing strategies to distribute the traffic
more evenly.

8.6.3. Congestion vs Utilization, which provides more value?

Both triggering based on congestion and triggering based on utilization are valuable techniques, but their
value depends on the specific goals and requirements of the cable broadband network. Let us explore the
benefits of each method:

IL.

III.

Iv.

8.6.3.1. Triggering Based on Congestion:

Real-Time Issue Detection: Congestion-triggered spectrum capture allows for real-time detection
of network congestion. When congestion exceeds a predefined threshold, the capture process is
initiated, enabling quick identification of congestion-related issues.

Proactive Network Management: With congestion-triggered capture, operators can proactively
address congestion issues and take corrective measures before they significantly impact user
experience.

Insights into Network Performance: Analyzing captured spectrum data from congested areas
helps identify the root causes of congestion, such as interference, faulty equipment, or bandwidth-
hungry applications.

Dynamic and Adaptive: The trigger can be adjusted to respond to varying network conditions,
allowing the system to adapt to changing traffic patterns and optimize performance accordingly.

8.6.3.2. Triggering Based on Utilization:

Efficient Resource Allocation: Utilization-triggered spectrum capture enables operators to
monitor the efficiency of resource allocation and identify areas where resources are underutilized
or overloaded.

Load Balancing: By capturing spectrum data based on utilization levels, operators can implement
load balancing strategies to evenly distribute traffic across available channels, optimizing the use
of network resources.

Preventive Maintenance: High utilization levels can be indicative of potential issues. Triggering
spectrum capture based on utilization helps identify areas where network capacity might need to
be expanded before congestion becomes a significant problem.
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e Identifying Traffic Patterns: Analyzing utilization data provides insights into user behavior and
traffic patterns, which can inform network planning and optimization.

8.6.3.3. Choosing the Right Method:

Selecting the more valuable triggering method depends on the operator’s priorities and network
conditions. If the primary concern is real-time detection and resolution of congestion-related issues,
triggering based on congestion might be preferred. On the other hand, if efficient resource allocation and
load balancing are top priorities, triggering based on utilization could be more valuable.

In many cases, a combination of both methods may be beneficial. Operators can use a dynamic trigger
based on congestion for real-time issue detection and resolution, while utilizing a utilization-based trigger
for longer-term network planning and optimization.

The value of each method comes down to how effectively they help the ISP manage network
performance, improve user experience, and optimize resource allocation in line with their specific goals
and objectives.

8.7. Intermittent Impairments

The threshold crossing trigger method can be used to capture distinct types of intermittent impairments in
a cable broadband network. Here are some examples of intermittent impairments that can be captured
using this method:

8.7.1. Impairment Types
8.7.1.1. Packet Loss

o Threshold crossing can detect instances where the packet loss rate exceeds the predefined
threshold, indicating intermittent issues with data transmission.

o To capture intermittent packet loss, the QoS parameter you would typically use is the
Packet Loss Rate. The Packet Loss Rate measures the percentage of data packets that are
lost or not delivered successfully from the source to the destination over a specific period.

8.7.1.2. Latency Spikes

o Intermittent latency spikes can cause delays in data transmission. By monitoring latency
and using threshold crossing, network administrators can capture such spikes for further
analysis.

o To capture intermittent latency spikes, the QoS parameter you would typically use is the
Round-Trip Time (RTT) or Ping Time. RTT measures the time it takes for a data packet
to travel from the source to the destination and back again, and it is commonly used to
assess network latency.

8.7.1.3. Jitter Variations

o Intermittent variations in jitter can cause disruptions in audio and video streams. The
threshold crossing method can identify periods when jitter exceeds normal levels.

o To capture intermittent jitter variations, the QoS parameter you would typically use is the
Jitter. Jitter measures the variation in the delay between data packets as they traverse the
network from the source to the destination. It quantifies the irregularities in packet arrival
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times and is an essential metric for assessing the stability and quality of real-time
communication, such as VoIP (Voice over Internet Protocol) and video conferencing.

8.7.1.4. Signal-to-Noise Ratio (SNR) Fluctuations

O

Intermittent SNR fluctuations can result from external interference or other factors.
Threshold crossing can detect such variations, pointing to potential issues affecting signal
quality.
To capture intermittent signal-to-noise fluctuations, the QoS parameter you would
typically use is the Signal-to-Noise Ratio (SNR). SNR measures the strength of the signal
compared to the background noise present in the communication channel.
Two intermittent impairment types that can be captured using the SNR Quality of service
metric are

= Common Path Distortions (CPD)

= Interference.

8.7.1.5. Channel Noise

O

O

Intermittent channel noise, such as impulse noise, can lead to momentary disruptions.
This method can capture periods when noise levels exceed the predefined threshold.

To capture intermittent channel noise, the QoS parameter you would typically use is the
SNR. SNR measures the strength of the desired signal compared to the background noise
present in the communication channel.

8.7.1.6. Channel Utilization Spikes

O

Threshold crossing can identify instances when upstream channel utilization experiences
sudden spikes, which may lead to congestion and degraded performance.

To capture intermittent channel utilization spikes, the QoS parameter you would typically
use is the Channel Utilization or Network Traffic Load. Channel utilization refers to the
percentage of time that a communication channel is occupied by data traffic or
transmissions.

8.7.1.7. Modulation Errors

O

O

Modulation errors can occur intermittently due to numerous factors. Threshold crossing
can capture periods when the number of errors exceeds the predefined threshold.

To capture intermittent modulation errors, the QoS parameter you would typically use is
the Forward Error Correction (FEC). The uncorrectable codeword error rate measures the
rate of errors in the received data compared to the original transmitted data that cannot be
repaired. It quantifies the accuracy of data transmission and reflects the quality of the
modulation and demodulation processes in the communication channel.

8.7.1.8. Service Unavailability

O

Intermittent service outages or unavailability can be captured using the threshold crossing
method, triggering spectrum capture for analysis during such occurrences.

To capture intermittent service unavailability, the QoS parameter you would typically use
is the Service Availability or Uptime. Service availability measures the percentage of
time that a service or network is operational and accessible to users.
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8.7.1.9. Bandwidth Degradation

o This method can detect instances of intermittent bandwidth degradation, which may
impact data transfer rates and overall network performance.

o To capture intermittent bandwidth degradation, the QoS parameter you would typically
use is the Throughput or Bandwidth Utilization. Throughput measures the amount of data
transmitted over a network or link in a given period, and bandwidth utilization represents
the percentage of available bandwidth being used at any given time.

It is important to note that the effectiveness of the threshold crossing trigger in capturing intermittent
impairments depends on the selection of appropriate QoS parameters and the proper setting of thresholds.
Careful consideration of the network's characteristics and the specific impairments to be detected is
essential to ensure accurate and meaningful captures of intermittent issues.

Capturing intermittent impairments using the threshold crossing trigger allows network administrators to
investigate and address these issues promptly, leading to improved network stability and better overall
user experience.

8.7.2. Implementing a Trigger for Intermittent Impairments

To capture intermittent impairments, a trigger based on Threshold Crossing could be used. The threshold
crossing trigger is designed to initiate the spectrum capture process when specific QoS parameters or
performance metrics cross predefined thresholds.

Implementing a threshold crossing trigger to capture intermittent impairments involves the following
steps:
I.  Selecting Relevant QoS Parameters: Identify the QoS parameters that are indicative of
intermittent impairments.

II.  Defining Thresholds: Set appropriate thresholds for each selected QoS parameter. The thresholds
should be carefully chosen based on the network's normal operating range and the severity of
impairments that need to be captured.

III.  Monitoring System: Implement a monitoring system at the cable headend that continuously tracks
the selected QoS parameters in real-time.

IV.  Threshold Crossing Detection: Configure the monitoring system to detect when any of the
selected QoS parameters cross their predefined thresholds. This indicates the occurrence of
intermittent impairments.

V.  Trigger Command Generation: When the monitoring system detects a threshold crossing event, it
should generate a specific trigger command or message.

VI.  Identifying Affected Modems or Channels: Based on the threshold crossing analysis, the system
should identify the specific cable modems or upstream channels that experienced the intermittent
impairments.

VII.  Data Analysis: Once the data is collected, the ISP's system can process and analyze the spectrum
information to investigate the intermittent impairments and their potential causes.

By implementing a threshold crossing trigger, the cable broadband network can capture intermittent

impairments as they occur, allowing for timely investigation and resolution of issues, improving network
performance and user experience.
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9. Applying UTSC to PHM and PNM frameworks

UTSC has further applications in network health prognosis and fault prediction when integrated into both
PHM framework and PNM guidance. Effective utilization of spectrum capture data rely on several steps.

Prognostic Health Management (PHM)
I.  Capture spectrum data to continuously monitor the quality of upstream data transmission using
the triggers outlined in Section 6 of this paper.

II.  Preprocessing of the captured data handling missing values or outliers and alignment of
timestamps with other datasets

III.  Feature engineering, extracting meaningful features from the captured spectrum data, such as
statistical measures, frequency domain characteristics, and patterns of degradation. Combine
these features with other relevant features to create a comprehensive dataset for analysis.

IV.  Health indicator development using the extracted features to develop health indicators that
quantitatively represent the condition of the network components. These indicators can be
designed to capture signs of degradation, deviations from normal behavior, and early warning
signs of potential issues.

V.  Model development utilizing machine learning or statistical modeling techniques to develop
predictive models based on the health indicators. Train these models using historical data, where
failures or degradation events are labeled.

VI.  Prediction and prognosis applying the trained models to real-time or near-real-time data to predict
the likelihood of future failures or performance degradation. Generate forecasts of remaining
useful life, estimating how much time remains before a component might fail or degrade
significantly.

Proactive Network Maintenance (PNM)

VII.  Anomaly detection by deploying the trained predictive models to analyze real-time spectrum
data. The models can identify anomalies or deviations from normal behavior, indicating potential
network degradation or imminent issues.

VIII.  Alert generation when an anomaly or degradation is detected and crosses a predefined threshold,
generate alerts or notifications for network operators or maintenance teams. The alerts should
provide details about the issue and its severity.

IX.  Root cause analysis upon receiving an alert, using the captured spectrum data. The data can help
pinpoint the location and potential cause of the issue.

X.  Decision support to network operators by presenting them with actionable insights derived from
the predictive models. This enables operators to make informed decisions about maintenance
schedules and resource allocation.

XI.  Proactive actions based on the analysis, decide on the appropriate proactive actions. These might
include adjusting network parameters, redistributing traffic, optimizing routing, or scheduling
maintenance.

XII.  Maintenance scheduling using the insights from the analysis to schedule maintenance activities.
Proactively address the identified issues during planned maintenance windows to minimize
service disruptions.

XII.  Verification and validation after performing maintenance or optimization actions, verify their
effectiveness by monitoring the spectrum data and observing changes in network behavior.

XIV.  Performance evaluation of the predictive models and the accuracy of the prognostic predictions

XV.  Continuous learning, updating, and refining the predictive models using new data as it becomes
available. Incorporate feedback from maintenance actions and outcomes to improve the accuracy
of predictions over time.
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By incorporating UTSC into your PHM framework and driving PNM activities based on its data,
operators can enhance their ability to predict and prevent network issues. Leveraging captured spectrum
data alongside other relevant information, can detect early signs of degradation, predict failures, and take
proactive measures to maintain network health and optimize performance. This allows operators to assess
the condition of network components, minimize downtime, improve customer satisfaction, reduce the
operational costs associated with reactive troubleshooting, improve resource utilization, and enhance the
overall reliability of the network.

10. Future Scope

The future scope of UTSC is promising, and the technology holds potential for various applications
beyond its current use cases. As cable broadband networks continue to evolve, UTSC can play a crucial
role in optimizing network performance, enhancing user experiences, and supporting innovative
technologies. Some potential future applications and scopes for UTSC:

o Integration with AI and Machine Learning: The integration of Al and machine learning
algorithms with UTSC can enhance data analysis capabilities. Al can help in automating issue
detection, predicting potential network problems, and suggesting optimal solutions, leading to
more efficient and proactive network management.

e Support for New Services and Technologies: As new services and technologies emerge; UTSC
can adapt to monitor and optimize their performance. Whether it is supporting small cell over
DOCSIS, smart city applications, loT devices, or other bandwidth-intensive applications, the
technology can provide critical insights to maintain high-quality service delivery. UTSC can
contribute to reliable data transmission and network performance, supporting their growth.

o Network Automation and Self-Healing Networks: UTSC can be part of an overall network
automation framework. By combining real-time monitoring and automated issue resolution, the
technology can contribute to the creation of self-healing networks that can detect and fix
problems without human intervention.

e Security and Anomaly Detection: The captured spectrum data can also be analyzed for security
purposes. Anomalies in the spectrum can indicate potential security threats, and UTSC can be
integrated with cybersecurity tools to detect and mitigate such threats.

e Energy Efficiency and Green Networking: Operators can use UTSC to optimize network
resources and reduce energy consumption. By identifying and resolving network issues promptly,
unnecessary energy expenditure can be minimized, contributing to green networking initiatives.

e Support for Edge Computing: As edge computing becomes more prevalent, UTSC can be
extended to monitor and optimize performance at the network edge, ensuring efficient data
processing and reduced latency for edge applications.

e Interoperability and Standards: As UTSC becomes more widely adopted, there may be a push
towards standardization and interoperability across different equipment and vendors, allowing for
seamless integration into diverse network environments.

As technology evolves, UTSC can play a vital role in ensuring network efficiency, supporting new
services, and enhancing user experiences. With advancements in data analysis, automation, and network
intelligence, the technology has the potential to revolutionize network management and pave the way for
more advanced and efficient cable broadband networks in the future.

11. Conclusion

UTSC holds significant importance in the realm of cable broadband networks and network management.
Its key significance lies in the proactive and efficient approach it brings to monitoring, troubleshooting,
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and optimizing the upstream data transmission. Some of its major benefits include proactive issue
detection, faster troubleshooting and resolution, data-driven decision making leading to improved
network stability and performance and an enhanced customer experience, reduced operational costs
leveraging automation, and support for future network evolution.

While its implementation is not without challenges and limitations, it represents a major leap in network
troubleshooting and management. It allows for investigation of upstream events to be automated,
becoming more efficient and effective, setting it up to support upstream spectral impairment detection.
UTSC provides further benefits improving network reliability and optimizing resource allocation, which
will lead to improved customer satisfaction and cost savings. The implications of UTSC cannot be
overstated. This innovative technology empowers operators with a proactive and data-driven approach to
network monitoring and troubleshooting. By capturing intermittent impairments, operators can optimize
network performance, reduce downtime, and provide a superior internet experience to their customers,
enhancing their reputation and competitiveness in the industry.

Abbreviations
UTSC Upstream Triggered Spectrum Capture
PNM Proactive Network Maintenance
RF Radio Frequency
DAA Distributed Access Architecture
R-PHY Remote Phy
CCAP Converged Cable Access Platform
RPD Remote Phy Device
SNMP Simple Network Management Protocol
TFTP Trivial File Transfer Protocol
L2TP Layer Two Tunneling Protocol
ISP Cable operators
FBC Full Band Capture
QoS Quality of Service
MTTR Mean Time to Restore
ADC Analog to Digital Converter
FFT Fast Fourier Transform
DUT Device Under Test
iCCAP Integrated Converged Cable Access Platform
rCCAP Remote Phy Converged Cable Access Platform
vCCAP Virtual Converged Cable Access Platform
kHz Kilohertz
ms Millisecond
RCP Remote Phy Control Protocol
GCP Generic Control Plane
MIB Management Information Base
SLA Service Level Agreement
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SNR Signal-to-noise

MER Modulation Error Rate
CPD Common Path Distortion
BER Bit Error Rate

Al Artificial Intelligence
IoT Internet of Things
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