The DTS Magazine
Summer 2020

Cable Operators Crossroads

Multi-trigger transformation
When developing an access network
transformation plan, network
operators focus on demand growth
only. We demonstrate the need for
multi-trigger approach.
Pg. 9
E2E Ops impact on 10G networks
How to evaluate different
mushrooming access solutions from
end to end operating impacts point of
view?
Pg. 16

CBRS spectrum valuation

Basics of Quality of Experience

Spectrum pricing is a function of
supply and demand. We explain this in
the context of the coming CBRS
auction.
Pg. 27

What is Quality of Experience (QoE)
and how to offer better QoE? We will
explain these concepts with the help
of Gaming applications.
Pg. 37

Move to edge computing

Digital transformation framework

Insights from cable business services
and engineering teams execs on edge
computing
Pg. 32

What digital transformation
framework should federal agencies
use?
Pg. 45

pg. 2

© Duke Tech Solutions Inc. Proprietary

Business and Technology Strategy Consulting
Specialists in Transformation

CONTENTS
Welcome to the DTS magazine

4

DTS is actively contributing to SCTE-ISBE

7

A multi-trigger what-if analysis for network transformation

9

Powering the future 10G access networks: An end to end perspective

16

Extended Spectrum DOCSIS to the rescue

24

CBRS PAL spectrum valuation

27

The move to edge computing

32

Understanding the basics of quality of experience: Gaming focused

37

IoT, IoT Everywhere…

43

Digital transformation: How to get to the next level

45

Closing thoughts: On DTS federal front

50

pg. 3

© Duke Tech Solutions Inc. Proprietary

Welcome to the DTS magazine
Welcome to our 2020 summer magazine. Starting from this edition, we have opened our
magazine for our partners to contribute. You will see some very interesting articles from
First Principles Innovations, from XONA Partners and from Broadband Success Partners.
We will start to include contributions from our Federal partners from the next edition.
We applaud the contributions offered by SCTE.ISBE standards group for the last 25
years. The Duke Tech Solutions (DTS) team is honored to be actively participating in
many important SCTE working groups such as Aging In Place, Telemedicine, IoT, Energy
2020, and AI/ML. You will find the background of the Aging In Place and Telemedicine
working groups (excerpts from the SCTE new letter – Interval), and thoughts of some of
our team members in the magazine.
Cable operators are at crossroads. They are looking at transforming their access
networks, looking into newer revenue generating opportunities, entering the wireless
space by participating in the spectrum auctions and looking into improving the customer
Quality of Experience through edge computing etc. These are all multi-billion-dollar
investments. You will find our thoughts in multiple white papers and blogs in this
magazine.
Many of the transformational challenges are focused only on capital spending. In this edition, we show the impact of some of these
decisions on the end to end operational aspects, such as power, space and cooling. We have included some of our blogs on
Extended Spectrum DOCSIS, analytical framework that is applicable for the public sector and why IoT space is not taking off.
A quick marketing pitch for those who do not know us yet. Duke Tech Solutions (DTS) is a strategy and technology consulting
company built on the foundation of a highly accomplished team from telecommunications and analytics industries. Each member
of the DTS team has a multifaceted background with 25+ years of experience spanning functions such as corporate strategy,
product management, marketing, business development, and product development. Our consultants have significant consulting
experience in advising clients at various levels of the organization. Some of our core capabilities include Telecommunication
solutions, data driven decision making and program governance solutions. With significant work experience in each of these areas,
the team is well equipped to become the strategy and technology partner for our clients. DTS offers strategic advisory,
transformation guidance, and execution support for Cable Operator and Government clients. We strongly believe in our mission
statement, “Our Quality, Dependability, and Focus will lead to Your Success”
Feel free to contact us if you want to discuss any of the highlighted areas or any other strategic areas that you feel we can add
value.

Sudheer Dharanikota
Managing Director
sudheer@duketechsolutions.com
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DTS is actively contributing to SCTE-ISBE
Congratulations SCTE.ISBE standards group for reaching an important milestones, 25 years of significant global impacting
contributions to the telecommunications industry. Duke Tech Solutions (DTS) welcomes the opprtunity to assist the cable industry
through SCTE from the beginning of 2020. Many of our team members are actively participating in different working groups. Here
are their thoughts.
Even as new working groups under SCTE, Aging in Place (AIP) and Telemedicine have generated fruitful
conversations and energy. From the inception of the groups in Mid-March, we have had different industry
professionals engaging in speaker series that bring thought leadership from the health insurance industry,
various telemedicine markets, and the construction industry. As the group moves forward, we are lining
up other experts within the policy sector, pharmacy industry, and beyond. These groups are going to
assist the cable industry in making a significant positive difference to the looming healthcare problems.
Sudheer Dharanikota, Chairman for Aging in place and Telemedicine working groups,
Contributing member for AI/ML working group
One of the many positive effects the speaker series have had is directly connecting
the inter-industry experts to cable industry leaders with the possibility of product
prototyping. In parallel, we are using the knowledge gained from these industries to develop business
requirements and business cases for both AIP and Telemedicine working groups. We highly encourage other
professionals to engage in these energetic conversations. Reach out to us if you want to know more details.
Ayarah Dharanikota, Contributing member for Aging in place and Telemedicine working groups
The demands on our healthcare system are projected to crescendo very
soon with the aging baby boomer generation. Establishment of rules for
healthcare provision in the “home” to facilitate aging in place is a critical
societal need. The AIP and TM working groups are bringing all stake
holders (consumers, providers and supporters) to the table to ensure
capture of requirements, development of meaningful business cases and
solutions. Garima Kamo, Contributing member for Aging in place and
Telemedicine working groups
The emerging IoT technology is generating a lot of interest across all
industries, and Cable is no exception. The SCTE IoT group is helping drive IoT applications for the Cable
industry. The group’s charter is to focus on making standards and operational practices deployable and
manageable for service providers, to facilitate communication between service providers and industry
partners to standardize new IoT based services, and to identify and adapt use cases available in the IoT
community to service provider’s business objectives. It has spun off multiple other groups such as Smart
Cities, AIP and TM. Rajesh Abbi, Vice Chairmam for IoT working group; Contributing member for SCTE Energy 2020 working group
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White Paper

DTS partner’s paper

A multi-trigger what-if analysis for network transformation
AP-Jibe Application Note
Luc Absillis
Chief Operating Officer, First Principles Innovations LLC

When developing a long-term access network transformation plan, network operators tend to focus on
demand growth as the key trigger for upgrades. While accomodating demand growth remains a key
driver for upgrading a network, in reality other triggers may enforce a different upgrade stategy and alter
the preferred upgrade path and the required investment profile.
About the author: Luc has over 25 years of experience in the telecommunications industry as a CTO,
solution team lead, architect, product line manager, and fundamental researcher. Luc earned his PhD
and MS in computer science from the Vrije Universiteit Brussel in Belgium. He lives in Raleigh, North
Carolina, with his wife and two children. You can reach Luc at luc@fpinno.com
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Problem statement
When developing a long-term access network transformation plan, network
operators tend to focus on demand growth as the key trigger for upgrades.
While accomodating demand growth remains a key driver for upgrading a
network, in reality other triggers may enforce a different upgrade stategy
and alter the preferred upgrade path and the required investment profile.
Hence to select a suitable upgrade stratergy, it is imperative to understand
the robustness and sensitivy to input assumptions against a complete set of
relevant upgrade paths.

Long-term access planning is dynamic.
Many factors around us (including COVID19) influences the plan. How to cope with
the changes due to:
•
•
•
•

Growth variations
Product roadmap plans
Strategy alignment, and
Operational realizations

Definition level set
Network upgrade triggers can be grouped into four main categories:
1.

2.

3.
4.

Growth triggers: Year over Year (YoY) demand growth will continue to be an important trigger. Given the uncertainty of
future growth levels (such as the growth changes due to working from home during the current COVID-19 situation),
doing extensive what-if analysis is an absolute must to get the access upgrade strategy right. Furthermore, growth
profiles can vary drastically from one urban morphology to another. It is therefore imperative to define a representative
set of growth profiles assigned at the lowest level of granularity.
Product/service roadmap triggers: Another key set of triggers for the access network transformation are the
introduction of new services and new service tiers. A straightforward example is the introduction of higher bandwidth
tiers over time (see example in Appendix A for the roadmap used in this use case). Less obvious examples are the
introduction of new services that drive additional demand above YoY bandwidth growth such as moving video delivery
from QAM to IP based, home security monitoring etc.
Strategic alignment triggers: Forcing an aggressive upgrade to FTTH is an example of a strategy trigger.
Operational triggers: Optimizing construction efficiency by moving from a just in time upgrade strategy to
geographically clustered upgrade strategy is an example of operational trigger.

To illustrate the main take away of this application note, we selected few examples to include what-if sensitivity on growth triggers,
basic product triggers and service triggers. The examples are chosen for illustrative purposes only. They are not a representative set
for in-depth network transformation analysis.

Analysis set-up
For clarity of the results the analysis is done on a small brownfield network with the following key assumptions:
▪
▪
▪
▪

One facility with 50K HHP across 108 N+X DOCSIS 3.1 (D3.1) capable nodes with mixed D3.0 and D3.1 subscribers
Demand growth of 40% downstream and 30% upstream
Technology and product roadmap assumptions as shown in Appendix A, and
Transition to FDX is possible at only in N+0 configuration.

To ensure that the results obtained are representative, this analysis is also being conducted on a one million homes passed
network. The large-scale exercise is omitted in this application note as they are in line with the single facility results.
To show the impact of different types of triggers and the sensitivity of upgrade paths to input parameter levels, it is important to
look at a long-term evolution with different upgrade scenarios. The upgrade paths modelled in AP-Jibe for this analysis are
representative versions of upgrade strategies considered by many service providers today for their HFC access infrastructure. The
four upgrade paths used are shown in the figure below.
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Brief description of AP-Jibe approach
Four upgrade scenarios are configured in AP-Jibe using technology, cost and resource definitions based on our industry analysis.
For each scenario a baseline 10-year quarterly analysis is run with only growth-based upgrade triggers. In the baseline models a
node is considered due for upgrade if the demand is over 70% of the capacity. In the second phase, for each of the baseline
scenarios three variations were created and analyzed by changing or adding individual input parameters. These three scenarios are
as follows:
1.

2.

3.

pg. 11

What-if on growth rate: For the first variation both upstream and downstream growth rates were increased by 10% in
both directions, to 40% YoY for upstream and to 50% YoY for downstream. This variation shows the importance of
doing what-if sensitivity analysis on an input parameter, such as the growth. Note: for a complete transformation plan
analysis, what-ifs could be done on important input triggers and constraints.
Product roadmap requirement: In the second variation additional upgrade triggers are introduced to analyze the
capability of the upgrade path to deliver on a roadmap for increased top-tier bandwidth services. The triggers are set-up
as best-effort triggers. That is, if an evolution path cannot accommodate a product tier at a certain point in-time the
trigger will remain active until the time it is accommodated. A bandwidth tier triggers an upgrade if the headroom on an
interface (capacity – demand) is less than 1.2 times the requested bandwidth in the downstream direction and 1.1 times
in the upstream direction. This represents a typical engineering rule enforced to ensure customers Quality of Experience
(Refer to – “Simulating the impact of QoE on per-service group HSD bandwidth capacity requirements,” by Tom
Cloonan, Jim Allen, Mike Emmendorfer).
IPTV introduction: To illustrate a more indirect impact of product requirements, a third variation looks at the impact of
migrating customers over time form QAM based video to IPTV based video.
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Results and Observations
Caution: These results are based on our high-level assumptions for illustrative purposes only. Actual results may vary based on each
operator’s environment.
Before looking at insights gained from the analysis, let’s start with a summary of the results of the scenarios and scenario variation
brought together in a single table.
`
Base Case
Aggressive Growth
IPTV Migration
Product Roadmap

NS-FD
66.0
66.2
65.9
51.5

Cost ($, M)
ESD-FD
ESD-3G
33.0
28.6
65.4
43.6
32.9
28.5
38.8
40.8

FTTH
35.7
35.4
39.3
40.4

NS-FD
34.1
38.6
34.5
31.4

NPV ($, M)
ESD-FD
ESD-3G
17.5
15.7
32.4
23.8
17.6
15.8
24.4
25.6

FTTH
29.8
30.9
31.1
34.2

NS-FD
Yes
Yes
Yes
Partial

Roadmap
1G/100M
2G/1G
5G/1G
10G/2G

NS+FD
No
No
Yes
No

Are the needs met?
ESD-FD
ESD-3G
Yes
Yes
Yes
Yes
Yes
Yes
Partial
Yes
ESD-FD
Yes
Yes
Yes
No

ESD-3G
Yes
Yes
Yes
Yes

FTTH
Yes
Yes
Yes
Yes
FTTH
Yes
Yes
Yes
Yes

Some observations on the summary table:
1.

2.

Cost and NPV observations: Impact of growth rate changes and increased product needs will drastically impact the cost
profiles. This can be explained by the amount of headroom that is created when a node is upgraded. The smaller the
headroom in an upgrade step the more frequent upgrades needs to be performed.
a. Organic node splits to reach full duplex has both higher cost and NPV: Cost of construction dominates the
frequent node splits. Lower NPV (relative to cost) indicates investments are spread out.
b. Aggressive growth will force ESD options look less attractive from cost point of view: Increased growth seem to
force the ESD option to migrate faster into future options.
c. FTTH has higher NPV but lower variance across scenarios: Construction related upgrade costs in FTTH happen
in earlier years forcing the Cost and NPV higher but with little variance to support future needs (such as
increased growth and better product offering) due to the headroom created by FTTH.
Roadmap support observations: Not all upgrade paths can support the requested product roadmap. In a competitive
market not being able to introduce a product tier can result in significant subscriber and revenue loss. Note: With some
upgrade paths not being able to accommodate and thus ignoring the products triggers, the cost comparison shown in
the table for the product variation is no longer apples to apples.
a. Organic node split will not support the roadmap plan (as required in Appendix A): This is mainly due to the
upstream capabilities and in later years the downstream capabilities. For example, maximum upstream
capacity with nodes in full D3.1 is 124Mbps, the 100Mbps upstream product tier cannot be supported as it
requires 110 Mbps of headroom and even small nodes have more than 14 Mbps of upstream demand.
b. ESD+FD option has issues with 10G offering: Downstream 10G product needs will force further expansion of
spectrum to 3Ghz.
c. FTTH has a clear path of low-cost upgrades to requested product roadmap: Headroom created by 10G EPON
will sustain the product needs, only introduction of 10G tier will force a technology refresh without construction
impact.

While this high-level analysis gives some intuition on the sensitivity of scenarios and ability to support additional requirements, to
truly understand the difference between the upgrade approaches, a comparison of key results over time is needed. The two key
indicators shown in this application note are CAPEX per year and construction mileage per year. The pictures below show the
comparison of the variations in the four upgrade paths.
The following CAPEX comparison graphs provide a quarterly view on the investment profiles required to accommodate the
scenario parameters. Here are some of the observations for each of these transformation paths:
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FTTH: 1-time upgrade
costs

Node split: spread cost
with expensive N0 FDX
upgrade towards the end

ESD end-phase node
construction costs

Product
Upgrades pulled forward to
accommodate
accommodateIPTV
IPTVramp
rampup.
up

Bulk
upgrades

FTTH: With this scenario of moving nodes to 10Gig symmetrical technology, the first time an upgrade is performed significant
headroom is created. As a result, in the basic growth-based scenario, the first upgrade is the only action required in the full 10-year
period and thus all costs are incurred in the earlier years. In addition, with the enormous amount of headroom created by the first
upgrade future requirements (except for 10G product tier) and aggressive growth have limited to no impact on the cost profile. In
other words, the risk profile and input sensitivity of this scenario is extremely low. The 10-gig product tier in 2026 forces a
technology upgrade to the next generation FTTH technology.
ESD: Both extended spectrum scenarios show very similar results with upgrade cost spread out over the 10-year period. The tail
end shows an increase in cost specifically in the ESD-FD scenario as the last upgrade step requires many nodes to be split to N+0
fiber deep configuration. In the base case only a very small number of nodes run out of the capacity with 1.8Ghz option. In the
aggressive growth scenario, the tail end cost of the ESD-FD option is clearly visible. In terms of product triggers the costs show
clearly the bulk upgrades required each time a new product tier is introduced. It is also worth noting that the ESD-FD scenario does
not support 10G product introduction and thus cost comparison for the product trigger scenario after 2026 is not completely valid
for the ESD-FD scenario.
Node Split: The node split scenario represents a just in time approach with smaller increase of capacity each upgrade step (twoway split rather than larger segmentation). As a results costs are more smoothly distributed over the 10-year period with a higher
upgrade frequency per node. The higher peak towards the tail end is driven by the fiber deep and expensive N+0-FDX upgrade step.
The biggest problem with the node split scenario is the failure to support the product roadmap in any meaningful way. The cost
shows a full bulk upgrade to the final N+0-FDX configuration as soon as it becomes available. This option is four years late for the
2021 product requirement, two years late for the 2023 product requirement and no upgrade option available to fulfill the 2026
product requirement.
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All FTTH Construction in 1 year
Operationally unrealistic

The construction comparison graphs give further insights on the operational sensitivity of the different upgrade paths.
FTTH: Only one-time construction is required. Future upgrades are pure node technology and CPE technology upgrades. Here a
significant upfront construction activity is anticipated which may not be feasible.
ESD: Construction is only required towards the tail-end of both ESD scenarios, as all initial upgrade steps are purely node and CPE
technology upgrades. Construction during the tail-end for ESD-FD is required due to the N+0 state requirement for FDX.
Construction for the ESD-3GHz is due to coax refresh at 3Ghz spectrum range and larger 3Ghz nodes running out of capacity
requiring node splits to meet the demand.
Node Split: As expected this option shows a smooth construction profile, trailing of at the end when all nodes are in N0 state.

Conclusion
Massive impact of different triggers on the access transformation strategy advises that when planning a long-term strategy
consider more than simple growth-based plan. This will help the operators direct their multi-billion-dollar investments wisely.
While analyzing “black and white” transformation scenarios gives a directionally correct understanding of the different options,
they do not represent an implementable transformation plan. Many iterations will be needed to combine key elements of
transformation paths to converge onto a plan that accommodates the complex set of real-world requirements and the
implementation constraints.
The AP-Jibe toolset gives you the capability to quickly and easily adjust upgrade scenarios and analyze a limitless number of whatifs with easy to configure transformation triggers and constraints.
For more information on this application note contact us at contact@fpinno.com or +1-919-444-2270
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Appendix A: Detailed scenario assumptions
The following table outlines some key Extended Spectrum technology assumptions used in this application note.
Name

Upstream

Description

Downstream

Year

Capacity (Mbps) Capacity (Mbps) Available

Spectrum = 1Ghz (Upstream 45Mhz)
D3.0

Docsis 3.0: 16 downstream channels

684

2017

1500

2017

124

3000

2017

450

3000

2021

1300

4500

2022

1300

11000

2023

10000

10000

2025

5000

25000

2025

3 upstream channels
93

Spectrum = 1Ghz (Upstream 45Mhz)
Docsis 3.0: 16 downstream channels

D3.1

Docsis 3.1: 1 x 192Mhz downstream block
3 upstream ch. shared with 3.0
Spectrum = 1Ghz (Upstream 45Mhz)

Full D3.1

Docsis 3.1: 2 x 192Mhz downstream block
4 upstream channels

1 Ghz Midsplit

D31 Highsplit 1.2 Ghz
D31 Highsplit +1.8 Ghz

Spectrum = 1 Ghz (Upstream 85Mhz)
Docsis 3.1: 2 x 192 Mhz downstream blocks
Spectrum = 1.2Ghz (Upstream 204Mhz)
Docsis 3.1: 3 x 192 Mhz downstream block
Spectrum = 1.8Ghz (Upstream 204Mhz)
Docsis 3.1: 8 x 192 Mhz downstream block
Spectrum = 1.8 Ghz

FDX

Full Duplex symmetric configuration

ESD 3 Ghz

Extended spectrum to 3 GHz

The following table outlines the maximum tier product roadmap offered by the operator over a 10-year period.

Downstream
Upstream

2021

2023

2025

2026

1 Gbps

2 Gbps

5 Gbps

10 Gbps

1 Gbps

1 Gbps

2 Gbps

100
Mbps

The following table outlines the IP Video penetration and consumption assumptions
HD Bandwidth: 6 Mbps
4K Bandwidth: 15 Mbps

IP Video Penetration (% Subs)

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

0%

0%

10%

20%

30%

50%

50%

50%

50%

50%

Streams per Video sub

0

0

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

HD %

1

1

1

1

0.9

0.8

0.7

0.6

0.5

0.4

4K %

0

0

0

0

0.1

0.2

0.3

0.4

0.5

0.6

Average BW per Sub Needed

0

0

1.5

3

5.2

9.8

10.9

12

13.1

14.3
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White Paper

Powering the future 10G access networks:
An end to end perspective
(Republished from SCTE Journal of Energy Management March 2020)

Rajesh Abbi

Mike Glaser

Sudheer Dharanikota

Jessie McMurtry

Duke Tech Solutions

Cox Communications

Operators are faced with myriad of powering options. What is the right option for them? How to evaluate
different mushrooming powering solutions? Are they suitable for their access evolution path? What is a
generic framework for evaluating these options? We would like to help the operators in addressing these
issues through our power analysis framework.
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Executive Summary
The quest for 1G and 10G networks is forcing cable operators to innovate
both in the outside plant (OSP) and the inside plant (ISP) technologies. Some
of these are OSP levers such as extending the spectrum, fiber deep
technologies etc. Similar evolution is happening on the ISP through the
introduction of DOCSIS 3.1, 4.0 and talk about the future DOCSIS 5.0
technologies. Different architectures are being evaluated to carry the
petabytes of data being generated on these access networks – including the
enhanced optical access to virtualizing the CMTS.
These access strategies are being analyzed from the long-term planning
points of view to support the customer demand and to support a competitive
product offering. In this paper we evaluate the impact of these access
evolution strategies on key operational factors points of view that are often
overlooked during initial analysis. In an earlier paper [1] we proposed a
framework to evaluate transformation options for Outside Plant (OSP)
network access powering solutions from an architectural, financial and
operational perspective. In this paper we extend the framework to also
include Inside Plant (ISP) operational factors such as power, cooling and rackspace requirements. In addition, we propose some of the metrics that can be
used to compare different end-to-end solutions.

What is the problem?
Too many power related vendors and too many
technological options are available for operators
now. How can we evaluate what is right for them –
without being swayed by their ulterior motives 😊
Key Takeaways
Powering solutions are not a point-in-time
solutions. They need to support the access
evolution. To evaluate a powering solution
consumption is not the only metric to optimize. In
this paper we explain why operator need to:
▪
▪
▪

Align with their company’s access strategy
Realize that the consumption is not the only
metric they need to optimize, and
Plan for long-term powering solutions before
making the short-term next steps

Our goal in this paper is to develop a framework that can be used by network operators to evaluate the end-to-end operational
impacts of their access network evolution strategies.

10G goal is pushing the envelope on the access operational factors
Broadband access demand has been growing at a rapid pace. In order to keep up with the demand the Cable industry has
developed a new set of technologies that can deliver data rates targeting 10 Gigabits per second over the coming years [2]. Some
of the new technologies include N+0 (fiber deep), Extended Spectrum DOCSIS (ESD), and Full-Duplex DOCSIS (FDX). The
Extended Spectrum DOCSIS technology itself has numerous implementation options – mid-split, high-split, ultra-high-split etc. In
addition to the full line-up of options in the OSP, operators have to optimize the corresponding ISP explosion through Centralized
Access Architecture (CAA), Distributed Access Architecture (DAA) and Virtualized CCAP architectures.
We will not go into details of these technology options, but suffice to say, each of these technology options has significant impact
on the HFC access network both in the OSP and ISP.
Architecture
ISP Options
OSP Options
Furthermore, operators are challenged to figure out the
best way to transition their existing network – which is in
different stages of evolution depending on the markets
Node Split,
CAA
I-CCAP (D3.1) +
and legacy approaches– to the new 10-Gig capable
Mid-split
state. The table above illustrates the complex transition
Optical Aggregation
options that are possible. Operators are faced with the
above capacity related transitions to keep up with the
CCAP Core + CIN
All of the above
access demand. This itself is a marathon task. Hence,
DAA
+N+0, Full Duplex,
looking into the end-to-end operational impacts (power,
V-CCAP + CIN
1.2/High-split,
space, cooling) is often overlooked. In this paper we
1.8/High-split
focus on these operational impacts
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Recap of the OSP power analysis framework and recommendations
In [1] we developed a framework to analyze different access transformational upgrades from only the OSP point of view. These
upgrade options included different OSP access levers such as Node Splits, N+0, Full Duplex, Spectrum Upgrades and backhauling
some of the wireless solutions. We provided a framework to analyze different powering solutions from the architectural,
operational and financial points of view as mentioned below.
Architectural measures: These measures evaluate a powering solution in the context of supporting the current access architecture
and the future planned upgrades.
- Feasibility: How feasible is this upgrade in their current network?
- Ease of upgrade: How easy is it to extend to future needs?
- Lifetime of the solution: How often does one need to upgrade?
Operational measures: The operating metrics determine how a powering solution meets, at a minimum, the committed service
level agreements (SLAs) and offer a simpler maintainable solution.
- Reliability: What level of reliability needs to be considered to meet the SLAs?
- Complexity: What are the maintenance complexities?
- Failure recovery: How long does it take to recover from failure?
Financial measures: The financial measures provide the investment overlay (total and time-adjusted) views of the solution over a
long-term transformation.
- Long-Term CapEx: What is the 5/10-year capital expenditure of the solution?
- Long-Term OpEx: What is the 5/10-year operating expense of the solution?
(Including the obsolescence and disposal costs)
- Total cost of ownership (TCO) NPV: What is the net present value (NPV) costs over 5/10 years?
In the previous paper we recommend the operators and the standards forums to –
- Align with your company’s access strategy: As a powering solution cannot be an afterthought or a point solution. It needs to
align with the transformation strategy being developed by the team.
- Consumption is not the only metric you need to optimize: Albeit, consumption reduction is one of the main goals of the
NextGen energy strategy, we propose to follow the framework.
- Plan long-term powering solutions before making the short-term next steps: Gaining a clear vision on the long-term
powering needs is essential to make the short-term decisions.
In this paper we extend the above framework and recommendations to evaluate different access upgrade solutions from an end-toend (both ISP and OSP) perspective.

Operational factors influenced by ISP architectures
OSP changes have direct impact on ISP operational factors. As operators get ready to upgrade their networks for the next
generation technologies, they have an opportunity to re-architect their ISP. The inside plant has traditionally faced numerous
challenges – chief among them are powering, cooling, and rack space availability. Note that we do not consider elements in ISP
that are relevant for the access upgrades, such as voice switches that are getting phased out, in this paper.
- Powering: The inside plant hosts a range of active networking devices that support the cable HFC network. Key among
these include the CMTS, the optical transmitters/receivers, Ethernet aggregation network and any relevant access routers.
As the demand for cable access network has grown, it has driven the need for changes in equipment in the ISP. In addition,
the equipment has been upgraded to support higher performance and density that leads to changing powering needs.
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- Cooling: The challenges on the powering side outlined above also
manifest into similar challenges on the equipment cooling needs.
Legacy HVAC systems are facing significant capacity challenges
trying to meet the needs of the new power-hungry equipment.
- Rack Space Constraints: The need for additional equipment in the
ISP due to access changes outlined above requires additional
equipment rack space. Many ISPs have run out of the rack-space
capacity they were originally designed for, and have little room left
for expansion. Increased density in the CMTS equipment and
commoditizing the aggregation network reduces the footprint.
As outlined above, ISP is facing several challenges on the powering,
cooling, and rack space front. As operators plan to upgrade their
networks to support the new 10G technologies, they have an
opportunity to re-architect their ISP environment to solve some of
these vexing problems. As the focus of this paper is on the access
network, we will mainly focus on the access related components in
the ISP. The access network architectures can be classified in two
broad categories – centralized and distributed. We have summarized
in the coming sections the major architecture options being
considered by most network operators below. For an expanded
discussion on this topic the reader should refer to [3].
Centralized Access Architectures (CAA): Traditional cable access
network architecture is based around the Cable Modem Termination
System (CMTS) in the ISP. All the CMTS functionality is centrally
located in the ISP Hub. The CMTS generates and receives the
DOCSIS RF signal which is sent to the Optical transmission
equipment co-located in the hub. The video signal is also modulated
by the Edge QAM (EQAM) device and sent to the Optical transmitter.
The analog optical signal is sent over fiber to optical nodes in the
field.
Distributed Access Architectures (DAA): Distributed Access
Architectures (DAA) were developed specifically to address the
power, cooling, and rack space challenges in the ISP. The idea is to
move part of the CMTS functionality – at least the DOCSIS Physical
Layer (Phy) - to the optical node.

Different CMTS variants
Centralized Access Architectures (CAA): The
Centralized Access Architectures have two
implementation options – Modular CMTS and
Integrated CMTS (CCAP).
- Modular CMTS: In the Modular CMTS
implementation the downstream modulation for
Data and Video signals is handled by a separate
Universal Edge QAM device.
- Integrated CMTS: In case of the Integrated CMTS
implementation, the CMTS integrates all
functions within the CMTS. The integrated
CMTS is also known as a Converged Cable
Access Platform (CCAP).
Distributed Access Architectures (DAA):
Depending on the CMTS functionality moved from
the hub, there are three major variants.
- CCAP Core with Remote Phy: In this case only the
DOCSIS Physical Layer (Phy) is move to the
optical node. The rest of the CMTS functionality
remains in the CCAP Core located in the Hub.
- CCAP Core with Remote Mac-Phy: In this case
both the DOCSIS Physical (Phy) as well as Media
Access Control (MAC) layer functionality is
moved to the optical node.
- Virtualized CCAP: In this case in addition to the
Phy and MAC layers being moved to the optical
node, the remaining CCAP Core functionality is
virtualized. As such, the CCAP Core
functionality is implemented as a software
module in an upstream data center. This
eliminates the CMTS functionality from the Hub.

In the following sections we evaluate the framework introduced in [1]
for both ISP and OSP impacts and potentially expand the framework. At the end we introduce different metrics to succinctly
evaluate different access upgrade solutions from operational factors points of view.

Updated end to end operational factors analysis framework
The proposed OSP based power analysis framework from [1] can still be used as the end to end framework with the following
additional changes –
- Include ISP operational factors: The power only analysis conducted previously needs to be extended to include other
operational factors such as space and cooling that are relevant for the ISP part of the end to end framework. These factors will
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offer benefits in ISP and OSP differently. For example, in ISP the space related factor will assist in the facility consolidation,
whereas the powering solutions in OSP can assist with the permitting nightmares.
- Include headroom capability of a solution in architectural measures: As we are applying this framework in validating different
powering solutions, we felt that the expansion headroom created by a powering solution should be clarified in the measure. We
recommend such analysis are added to the lifetime of the solution category in the architectural measures.
Next, we apply the updated end to end framework on different scenarios and provide our thoughts on the usefulness of such a
framework.

Analyzing end to end access solutions using the framework
Using the above framework and sampling the typical access upgrade paths planned by the operators, we have created a set of
scenarios as depicted in Figure 1. Here is a brief explanation of the scenarios:
- ISP considerations: In the ISP analysis we use the power, the space and the cooling metrics in the end to end framework with
the following upgrade considerations:
▪ Centralized access architecture (CAA) is used as the first step for the D3.1 upgrade and is used until the DAA architectural
components (such as D-RPD) are ready to be used.
▪ Distributed access architecture (DAA) is considered as soon as the end to end solution components are available. DAA can
be used after mid-split lever in OSP is crossed as shown in Figure 1. Both the CCAP core and virtual CCAP options are used
as two options for end evolution of an ISP.
- OSP considerations: In the OSP case we use only the power metrics which are part of the end to end framework with the
following upgrade path options:
▪ Organic levers scenario: Here we use the organic node splits to meet the downstream demand needs, and mid-split and
high-split (when full duplex is reached) for upstream driven needs.
▪ Extended Spectrum DOCSIS (ESD) levers scenario: Here we use a combination of the spectrum upgrades and node splits
opportunistically to meet the growth needs.

Figure 1 End
to end access
architectures
evaluated
from the
operational
factors point
of view

NOTE: The analysis is conducted with certain assumptions to the best of our knowledge. We want you to pay attention to the
framework and the process of the analysis rather than digging deep into the numbers.
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End-to-end Power Analysis
As a first step we tried to understand the total end to end
power consumption for our sample access network of
around 100k homes passed, which we used in our earlier
paper (refer to [1], [4], [5]). The results of our analysis are
shown in Figure 2.
Here are a few observations we can make from the chart.

Figure 2 10-year end to end cumulative power consumption

The organic upgrade path relies heavily on node splits
which lead to higher number of nodes and service
groups. This also leads to a much later transition to DAA
which drives significantly higher power demand in the
long run. The ESD upgrade path on the other hand relies
more on spectrum expansion that requires relatively less

power. The Virtual CCAP solution shows lower
power consumption compared to the CCAP
Core solution in the ISP as it shifts some of the
CMTS functionality and associated power
demand to the upstream regional data centers
(cloud) which is outside the scope of this
analysis.

End-to-end Operational Factors
Analysis
In Figure 3 we provide a detailed analysis of the
various operational factors we considered
including OSP and ISP power consumption, ISP
cooling, and ISP rack space requirement of the
organic and ESD scenarios over a 10-year period
on a quarterly basis (refer to [5]). Once again,
the exact numbers are not important, but we
can make several interesting observations from
the trends.
The first observation we can make is that all
three factors – power, cooling, and rack-space –
are tightly correlated and show the same trend.
This is understandable as all three are driven by
need for additional equipment to support
network growth.
Another observation we can make is that the
ESD scenario offers significantly lower power,
space and cooling requirements compared to
the organic scenario. Organic operating factors
spike up in later years mainly due to the
increase in number of nodes and
Figure 3 10-year quarterly operating factor analysis for organic and ESD evolution to core CCAP
service groups.
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End-to-end Power Cost Analysis
Figure 4 shows the financial analysis of the two scenarios over the 10-year period. In this analysis we have only focused on the cost
of the power supplies and the consumed power. The results clearly mirror the trends in the operational factors described earlier.

In order to effectively analyze the true
financial impacts per our framework the total
cost of ownership (including both the CapEx
and OpEx) as well as the net present value
(NPV) of the costs would need to be
determined, which would give the spend
timing related insights.
Finally, other costs such as maintenance,
trouble calls, and truck rolls related costs
would need to be factored.

Figure 4 10-year total power related cost components

Other architectural and operational measures analysis
Next, we will compare the two scenarios using the architectural and operational dimensions of our framework.
Looking at the architectural dimension of our framework we need to explore the feasibility, ease of upgrade, and the solution
lifetime. From the feasibility and ease of upgrade point of view the organic option has clear advantages due to relative simplicity of
node splits vs ESD upgrades. However, in terms of lifetime of the solution, the ESD upgrade comes out ahead.
Looking at the operational dimension of our framework we need to explore the solution reliability, complexity, and failure recovery
capability. From a reliability and complexity point of view the organic option would come out in front due to the simplicity and wellestablished practice of node splits. On the failure recovery front the picture would be a bit mixed. The organic scenario results in
many nodes which could increase the failure recovery time. On the other hand, in the ESD case, even though there are fewer
nodes, there is greater complexity in dealing with the extended spectrum. That can also impede failure recovery.

Recommendations for power architects
World energy consumption has been growing at an unsustainable rate over many years. As a significant energy user, the cable
industry launched the SCTE Energy 2020 program [6] to address the end-to-end energy usage. Our framework is put forth to assist
in analyzing different powering solutions.
We made the following recommendations for power architect in our earlier paper [1] –
- Align with your company’s access strategy: Powering solutions cannot be an afterthought or a reactive one-time solution. It
needs to be aligned with the operator’s overall network strategy.
- Consumption is not the only metric you need to optimize: While consumption reduction is one of the main goals of the next
generation energy strategy, the powering solutions need to be evaluated in the context of the architectural, operational and
financial metrics as mentioned.
- Plan long-term powering solutions before making the short-term next steps: Understanding the long-term powering needs and
their impacts is essential before making short-term decisions.
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Based on the end to end access discussion in this paper, we make these additional recommendations –
- Include end-to-end operational factor analysis: Conduct your analysis with both the ISP and OSP impacts in mind. One classic
example where such a balancing act is clearly visible is fiber deep or extending the spectrum to 1.8 GHz. The former taxes the
power and the space in the facility due to service group explosion compared to the latter.
- Note that the ISP and the OSP incentives can be different: Optimizing based on OSP or ISP levers alone does not result in an
optimal solution.
- Remember that virtualization does not necessarily mean the costs are eliminated: Virtualization does not always eliminate
costs but often shifts the costs to different locations. For example, V-CCAP reduces the impact of a facility level operating
factors, but it keeps the OSP impact the same as before and moves some of the facility costs to the data centers.
As a next step, we are evaluating different operational factor (power, space and cooling) related solutions that are being proposed
in the cable industry using the proposed framework. You can reach out to Rajesh Abbi or Sudheer Dharanikota for additional
information.
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Extended Spectrum DOCSIS to the rescue
Logan Hertz
Senior Consultant, Duke Tech Solutions

Cable operators are always looking for the most efficient ways to expand and upgrade their networks to
meet increasing customer demand for bandwidth. It is a delicate balancing act of many different factors,
including demand, cost, revenue, etc. In this blog, we’ll look at Extended Spectrum DOCSIS (ESD), and
how some operators are planning to use it to meet customer demand in the near future.
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Introduction
Cable operators are always looking for the most efficient ways to expand and
upgrade their networks to meet increasing customer demand for bandwidth. It is a
delicate balancing act of many different factors, including demand, cost, revenue,
etc. In this blog, we’ll look at Extended Spectrum DOCSIS (ESD), and how some
operators are planning to use it to meet customer demand in the near future.

What is the problem?

Upstream demand a key factor

Key Takeaways

Before we get into ESD, let’s explain some critical factors that are influencing
operators’ network expansion plans. In the past, most of the network demand /
congestion was driven by downstream usage, hence why your typical Internet plan
offers asymmetric speeds. A typical plan would give a customer 100 Mbps
downstream but only 10 Mbps upstream.

Traditional access network upgrade
techniques such as node-split and
fiber-deep are construction intensive
and costly.

▪
▪
▪
▪

In the near future, however, the congestion is primarily upstream, a crucial change
to understand. This upstream demand is driven primarily by “smart home”
applications like video monitoring or smart doorbells, and also the increasing use of
cloud storage. Hence, previous strategies for network deployments may need to change.

Upstream demand is growing
Node-splits and fiber deep are
construction intensive
Mid-split and high-split can relieve
upstream congestion
Extended Spectrum DOCSIS
(ESD) provides additional capacity
without additional construction

Previous node actions may not apply
The second factor influencing network planning is that previous node actions used to address congestion may not be as effective in
the future. Strategies such as fiber deep and fiber to the home (FTTH), while they effectively address congestion and future
demand, are relatively expensive and time consuming, not to mention often including permitting challenges. BAU node splits, on
the other hand, simply don’t offer enough of a boost to keep up with demand in many cases.
Operators are looking for a way to address upstream demand that is less construction and permitting intensive than Fiber Deep
/ FTTH, but more of a long-term solution than node splits.

Enter Mid Split, High Split, and Extended Spectrum DOCSIS
Mid-Split and High-Split are a range of node
actions that either extend the portion of usable
spectrum or make more efficient use of existing
spectrum.
Mid-Split and High-Split take a portion of
downstream spectrum and apply it to the
upstream. This relieves upstream congestion
but comes at a cost of losing some downstream
capacity.
Extended Spectrum DOCSIS (ESD) extends the
usable portion of the spectrum from 1GHz to as
much as 1.8GHz, thus providing additional
bandwidth for both upstream and downstream. How this spectrum is allocated can vary depending on the operators’ needs.
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Advantages
The main advantage of using mid-split, high-split, and ESD actions is that it is far less construction and permitting intensive than
the alternatives. In the case of mid-split, no new nodes or fiber need to be deployed. It’s a simple module swap at the node and the
amplifiers. In the case of high-split, the node, amplifiers, and potentially the taps need to be replaced. This “like for like” swap
again requires much less labor and permitting than the alternatives.
Essentially ESD allows operators to squeeze more bandwidth out of existing infrastructure while avoiding the more expensive
and time-consuming option of deploying new infrastructure.

ESD - part of a nuanced strategy
While ESD along with mid-split and high-split offers a compelling value proposition for operators, it is not the be-all and end-all.
Other node actions may be more appropriate in some cases. For instance, in rural areas with slower growth profiles, BAU node
splits may be the best option. In high-value residential areas, Fiber Deep may still make sense. In dense commercial areas, FTTH
may provide the best value.
Extended Spectrum DOCSIS (ESD) enables multi-gigabit speeds, downstream and upstream, without capital intensive fiber
investment. When combined with distributed access architecture, it enables operators to squeeze the maximum capacity out of
the existing infrastructures, both coax and fiber.[1]
[1] https://www.teleste.com/technologies/extended-spectrum-docsis

pg. 26

© Duke Tech Solutions Inc. Proprietary
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DTS partner’s paper

CBRS PAL spectrum valuation
Frank Rayal
Founding Partner, Xona Partners
Spectrum pricing is a function of supply and demand. The CBRS auction is one of the largest even.
When this is coupled with the diverse use cases and players in the spectrum process, it will be
important to consider one’s business case as well as that of others to narrow uncertainty around
pricing.
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Toronto, Canada. He is a senior member of IEEE, and a member of Professional Engineers Ontario.
You can reach Frank at frank@xonapartners.com
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Executive Summary
The upcoming Citizens Broadband Radio Service (CBRS) spectrum auction will be big
– covering 22,631 licenses available for sale based in 3,233 service areas (counties). As
bidders prepare to participate in this auction, they need to consider a number of
factors including spectrum use cases, business models, technical regulations,
deployment requirements, and pricing variability.

What is the problem?
How should operators prepare to bid
for the upcoming CBRS spectrum
auction?
Key Takeaways
•

CBRS PAL Spectrum Valuation
Spectrum pricing is a function of supply and demand. Over the
course of recent 5G spectrum auctions, regulators
demonstrated, yet again, their influence on the outcome. Italy
and Taiwan are two examples which set a record valuation for
the 3.5 GHz auction. This year, we will see one of the largest
auctions ever: the CBRS auction scheduled to start on July
23rd. There are a few characteristics that make this auction
unique. However, for spectrum valuation, uniqueness adds an
undesired element of pricing uncertainty. Here, I outline some factors that impact the
CBRS spectrum valuation.

•
•
•
•

Spectrum pricing is a function of
supply vs demand
The large number of licenses
could attract many new bidder
mobile network operators are best
positioned to bid on this spectrum
Cable companies have a business
case in MVNO traffic offload
There are many use cases for
CBRS spectrum making it
necessary to consider not only
one’s own business case, but also
that of the other use cases.

5G 3.5 GHz Spectrum Auction Valuation – Reserve Price vs. Final Price [Source: Xona Partners]

The CBRS auction is big!
The CBRS auction has 22,631 licenses available for sale in 3,233 service areas (counties). For comparison, auction 103 for the 39
and 42 GHz bands offers 14,144 licenses. Other recent auctions are even smaller: 3,072 licenses in auction 101 for the 28 GHz band;
and 2,909 licenses in auction 102 for the 24 GHz band.
Interestingly, no other country runs auctions as big as the US. China assigns spectrum. Canada auctions spectrum over large service
areas. India, Brazil, Russia, all have their internal conditions that do not lend to running large auctions.
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The large number of licenses and small service areas means that new bidders could emerge to challenge large mobile network
operators. This will increase the level of uncertainty to all bidders. Auction bidders will need to weigh their strategies very carefully.

Results of major US Spectrum Auctions. [Source: Xona Partners]

Valuation of US auctions
Traditionally, spectrum prices in the US fetch higher value than other countries. This is a function of supply and demand: auctions
with many bidders result in higher valuation, whereas those with few bidders barely exceed the reserve price. US auctions
have traditionally attracted many bidders, more so than auctions in other countries. The CBRS auction promises to follow this
trend; in fact, there are 348 applicants to participate in the auction. The large number of licenses, spectrum characteristics and type
of participating players will lead to new competitive dynamics. The market has never seen such dynamics before.

Technical regulations
The CBRS band has unique technical limits on emissions, and controls on deployment and operational parameters. The small
cell deployment model attracts new entrants: cable and wireline service providers, enterprises and neutral hosts. Mobile network
operators are not compelled to bid on assets outside the urban areas where demand on wireless services is low and the cost of
services is high. Lower emission requirements reduces the interest of incumbent service providers in CBRS in rural areas. On the
other hand, small service providers and WISPS have an incentive to participate because of the low entry fees; in fact, more than two
thirds of bidders are rural service providers and small businesses. All these will lead to new competitive dynamics that will depend
on the type of service area.
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Deployment requirements
Spectrum licenses specify deployment requirements that service providers have to meet. Bidders have to factor such costs along
with their ability to monetize new services. We have seen markets where these requirements exceed the value of the licenses won
in the auction. It is an easy trap to fall into. This raises the importance of discipline and need to prepare in advance an auction
strategy.

High variability in pricing
County-sized service areas will result in high variability in pricing. Price of high-population counties where demand exceeds supply
will be high. Rural areas where demand is low and number of bidders is small will result in low valuation.
To illustrate, 26 counties account for 25% of the population. The top 152 counties contain half the population. These counties
could result in 70% of the auction proceeds. The 1,000 least populated counties may not contribute more than 1% of the total
auction value. Hence, the CBRS auction will feature very high variability in pricing.
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CBRS Auction Potential Cumulative Price Distribution (Revenue = price paid by bidders) [Source: Xona Partners]

The use case
Mobile service providers, cable companies, enterprises, neutral hosts, investors, spectrum speculators and others would be
interested in CBRS due to its unique structure. Valuation will depend on the use case for each category of bidders. This adds a
layer of complexity.
To illustrate, enterprises may simply opt to operate in the 80 MHz of GAA spectrum so they have low incentive to win in the 70
MHz PAL auction. Investors and speculators will be closely looking at the prospects of a secondary market and of spectrum
leasing. Cable companies have a business case in MVNO traffic offload.
Still, I believe that the mobile network operators are best positioned to bid on this spectrum. While CBRS does not have all the
favorable characteristics for MNOs, there are use cases that limit such shortcomings. For instance, MNOs would use CBRS as a
secondary downlink. This mitigates potential technical and quality shortcomings of CBRS.

Concluding thoughts
CBRS promises different things to different types of entities. For enterprises, CBRS promises to enable private wireless networks.
For cable operators, it promises a reduction in MVNO fees and new business models around complementary wireless services. For
mobile network operators, CBRS provides a secondary download channel in congested areas. For neutral hosts, CBRS provides fuel
for new business models to serve high-density areas that incumbents operators cannot reach. This is what makes planning for this
auction unique: one cannot only consider their own business case, but also that of others in order to narrow uncertainty around
pricing.
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The move to edge computing
David Strauss
Principal, Broadband Success Partners
Broadband Success Partners interviewed 24 cable executives from network engineering and
business services to capture their insights on the move to edge computing—including the drivers,
opportunities, and challenges.
About the author: David Strauss is a principal of Broadband Success Partners, a consultancy
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suppliers and telecom investors. He has 26 years of senior marketing, business development and
sales experience in the telecom and technology sectors. Prior to starting Broadband Success
Partners with Jack Burton, David designed and executed the original go-to-market plan for
Comcast Business’ Metro Ethernet services. He was also the VP of Marketing at Lightpath (Altice).
Earlier in his career, David lead the Marketing team that launched Sprint’s wireless business in the
New York Metro Area. He also worked at AT&T, IBM and Juniper Networks. David has an MBA
from NYU and a BA from Tufts University. You can reach David at
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Executive Summary
What is the problem?
What do AR/VR, cloud gaming, smart cities, 5G, autonomous vehicles, healthcare
sensors, surveillance and facial recognition all have in common? The need for low
latency connectivity enabled by networks architected with edge computing. For some
service providers, trials have started. For others, their edge computing plans won’t be
formulated for a few years. Whether they’ve already devised their edge compute
strategy or haven’t yet begun, the first question they need to ask themselves is: “What
is edge computing?” We have done just that. Since the start of 2020, we’ve asked this
question and seven more of 24 network engineering and commercial services
executives at Tier 1 and Tier 2 MSOs.

What is edge computing?
There’s no single definition. These cable operators are deploying edge computing (or
expect to) in one of three ways. According to 43% of those interviewed, transforming
headends and hub sites to mini data centers, or Headend Re-architected as a Data Center
(HERD) is how they describe their edge compute initiatives. Distributing compute and
virtualization via Flexible MAC Architecture (FMA) was cited by a third of the executives.
The balance of those interviewed, or 24%, approach it as building new edge sites with
compute and storage closer to end customers.

Edge Computing will be critical to the
success of MSOs. Do you have a
strategy?
Key Takeaways
•
•

•
•

•

Headends and hub sites are
preferred sites for edge hardware
60% of executives view “improved
customer experience" or ”new
revenue streams" as key drivers
Cloud gaming is primary use case
Operations to support monetizing
services is greatest edge
computing challenge
Programmable Infrastructure and
network automation are top areas
of investment in order to move to
edge compute.

The reason for these varying views is due, in large part, to the individual’s preferred edge computing uses cases. For example, if
their primary applications are less latency sensitive such as video caching or SD-WAN, they skew toward a less distributed compute
architecture. In contrast, those thinking in terms of VR/AR, gaming and/or autonomous vehicles with little to no tolerance for
latency will gravitate towards another configuration.

Where is edge computing?
With many noting that their goal is to get as close to the edge of the network as possible, it’s not surprising that headends (at 32%)
and hub sites (at 32%) were the top answers.

Location of Edge Equipment
Regional
DC
23%
Hub Sites
32%

Master
Headend
13%
Headends
32%

An interesting split surfaces when you view the
results by company size. Tier 1s are more likely to
place edge computing hardware in hub sites rather
than headends. The opposite holds true for the Tier
2-3s. This is due, in part, to the cost of scaling up
and out to place edge devices in many hub sites
versus fewer head ends. This expense needs to be
considered relative to the allowable latency. “Our
decision depends on the tipping point of finances
and latency tolerance,” as one executive explained.

Deployment is also dependent on where the
equipment can more easily reside. As one Tier 2-3
executive noted, “the existing headend facilities have space and power to accommodate edge hardware.” The density of the
network could also be a decision variable. In a rural system with each headend serving relatively few customers, edge hardware
could be there … versus a hubsite serving more customers in a suburban system.
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The hub site versus headend decision appears to be fluid. For example, one interviewee notes that the two types of locations are
interchangeable. A few others said they’re starting with less costly headend deployments and will then migrate outwards to hub
sites at a later date.

What are the drivers?
Over half of the executives noted either improved customer experience or the enablement of new revenue streams as the most
important driver for edge computing in their company. Among the 29% who indicated improved customer experience, here’s the
rationale some gave:
•
•

Edge compute implementation must serve the customer’s need
Customer satisfaction with lower latency for gaming and video optimization is important

As to why 24% of those interviewed noted the enablement of new revenue streams as the top driver, here are a few of the reasons:
•
•

Due to financial priorities; tasked with new revenue growth.
For HFC to go to 10gbps, we need a distributed architecture; only way to achieve this.

The two top drivers align nicely with each other in that new revenue streams can only be created if the customer is satisfied with
the new services.

Which use cases are significant?
Our current situation is accelerating the need for edge computing by cable operators and other service providers. Staying at house
has caused an explosion in online gaming – an application that relies on a low latency network with compute equipment close to the
edge. In fact, cloud gaming is the #1 edge computing use case (after video caching) according to the 24 cable executives we
recently interviewed.
As to why cloud gaming is the top edge computing use case, one executive said that “these are delay-sensitive applications which
benefit most from edge compute.” Another noted the growth in offerings by Google, Facebook, Shadow and others.
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Top Edge Computing Use Cases
25.0%
20.0%
15.0%
10.0%
5.0%
0.0%
Cloud Gaming

Healthcare
Sensors,
Telemetry /
Massive IoT

Surveillance & Enterprise Cloud Augmented
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What’s the largest opportunity area?
Half of the executives see “New Business Services” as the greatest edge compute opportunity. As you see here, almost 80% of the
Business Services executives we interviewed choose “New Business Services.” Network Engineering executives are split between
“New Business Services” and “Enabling MSOs to Play a Larger Role in 5G” – each at 31%.

Business Services

Network Engineering
New
LOB
15%

Consumer
Services
22%

Business
Services
78%

5G
31%

Business
Services
31%

Consumer
Services
23%

What is the most significant challenge?
Close to half of the executives cite operations to support monetizing new services as the major impediment. Why? “Edge
computing is a new paradigm driving new workflows,” according to one of the executives. Another one highlighted their “inflexible
OSS/BSS systems - preventing an agile approach to innovation.”

Where is the investment greatest?
To overcome the challenges and make edge computing a reality, programmable infrastructure is, far and away, the #1 investment
area. Network Automation ranks #2. As to why programmable infrastructure is primary funding area, this answer from one
executive was typical. “We need to rethink our network topology. To move to a distributed architecture, a massive number of new
elements go into the infrastructure, and must integrate with the existing hardware.”
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Network infrastructure (physical and virtual) that
is programmable and provides network
performance information
Automation of network tasks necessary to
support edge compute
Analyzing telemetry data to get actionable
insights to support demands on the network
from edge compute
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Does your company currently have an edge compute strategy?
Over half of the executives say their edge compute plans are rolling out now. Another 25% will have a plan by 2022. The differences
in timing by size of MSO size is striking. Tier 2 executives are planning and executing their edge compute strategies later than their
Tier 1 counterparts. Almost twice as many Tier 1 MSOs are rolling out their plans now. Also, interesting to see that 18% of Tier 2s
are not planning to have an edge computing strategy.

Tier 2

Tier 1
2023later
2021-2022 8%
Rolling it
23%
out now
69%

No plans
18%
2023later
18%

Rolling it
out now
37%

20212022
27%

There you have it. In summary, the headlines are:
•
•
•
•
•

Headends and hub sites are preferred locations for edge equipment – together chosen by close 2/3 of executives;
Almost 60% of executives view “improved customer experience" or ”enablement of new revenue streams" as the most
important edge computing driver;
Cloud gaming is the primary edge computing use case – after video caching;
Operations to support monetizing new services is #1 edge computing challenge, and
Cable operators believe programmable infrastructure and network automation are the top investment areas in order to
move to edge computing.

What are the implications of this research for service providers? In devising or re-evaluating your edge compute strategy, start by
prioritizing the use cases you envision will be the most popular. Understand the latency requirements needed to deliver an excellent
customer experience. Where will you place edge equipment to achieve this experience while investing at an acceptable level?
Striking the right balance today and in the future is critical. If you would like a copy of the research report, please click here.
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White Paper

Understanding the basics of quality of experience:
Gaming focused
Sudheer Dharanikota
Managing Director, Duke Tech Solutions

With the advancement of next generation networks, there are many discussions around how to offer
better Quality of Experience (QoE). There are many confusing messages out there claiming that they
have the best offering. This white paper is an attempt to create a common experience related
terminology, develop the relation among different terms, explain these concepts with an example and
finally make certain recommendations on realistic expectations on accomplishing QoE.
About the author: Sudheer Dharanikota has more than 25 years of experience in the
telecommunications industry as a strategist, product line manager, architect, development lead and
standards contributor. Sudheer earned his MS in electrical engineering from Indian Institute of Science,
PhD in computer science from Old Dominion University, and Executive MBA from Duke University. His
PhD thesis was titled – “Designing High Quality Networks: An Application-Oriented Approach,” from
where he stole some of the ideas presented in this paper! You can reach Sudheer at
sudheer@duketechsolutions.com

pg. 37

© Duke Tech Solutions Inc. Proprietary

Executive Summary
Customer experience, Quality of Experience and Quality of Service are all
related terms. They are being used interchangeably by vendors and operators
causing too many confusing marketing messages. This white paper attempts
to declutter these concepts with the help of the gaming application.
In summary, customer experience is a representation of the needs of an
individual application, whereas the Quality of Experience (QoE) is that of an
aggregation of applications. There are different levels of aggregations in
realizing QoE – inside the home, across the network at different aggregation
points and in the servers where the applications are hosted.
Offering good QoE requires classification of applications from their needs
point of view, understand how to meet such needs at different aggregation
points and fill up the missing pieces as the deficiencies arise (such as WiFi6,
low latency DOCSIS etc.). Also, it is essential to identify what portion of the
customer expectation cannot be satisfied by the operators – one cannot take
the blame for things they cannot control.
Enjoy the read and please provide your feedback to the author.

What is the problem?
Offering better Quality of Experience (or
customer experience) is a new mantra, as the
networks are becoming more capable. What is
the framework for understanding and hence
eventually designing a network to offer better
QoE?
Key words: Applications, QoE, QoS, Customer
Experience, Throughput, Delay, Latency,
Gaming
Key Takeaways
Operator needs to follow logical steps to
deploy high QoE networks. They need to ▪

What is Quality of Experience?
It has been more than 20 years since I did my PhD, “Designing A High Quality
Network: An Application Oriented Approach.” As you can see from the name
of my thesis, I am very passionate about the topic of this article. So, bear with
me if I make some assumptions on the level of importance of this topic on

▪
▪
▪

Understand the applications
o Throughput sensitive
o Delay sensitive
o Loss sensitive
Know what drives the experience
Know that QoE is an aggregate experience
Engineer the network to meet QoE needs

your day-to-day life
Let’s get some jargon and intuition out of our way before jumping into the deep end on the “so what” for you – as the operator or
the executive who is concerned about the customer experience.
Customer Experience: For a minute let’s assume that you are a customer (or an organization) who is expecting
certain experience for your applications from the network provider. Say you are a gamer – you want better
response time from your network. Say you are watching a 4K Netflix movie – you want a better picture quality
with no stops (“please wait – buffering” message). Say you are on a WhatsApp video call with your mom – you
want decent real-time interaction. Or you run an organization where you are expecting certain SLAs (Service
Level Agreements) from your network provider. These are all customer experience related questions that you,
as an individual application user, are interested in.
QoE (Quality of Experience) vs Customer Experience: Customer experience is from one customer’s point of view.
Quality of experience, on the other hand, is offering the promised customer experience for all customers (and
organizations) who are using the operators’ network. This is the aggregation of the customer experiences and is
from the operator’s point of view. To improve the QoE, the operator will make different decisions. As an
example, they may bring Netflix servers closer to the edge, they may develop edge compute functionality for
certain gaming applications, or they may stripe the network specifically for businesses. A QoE, in this context, is
a measure of the commitment from the operator to provide the promised experience to their customers.
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Quality of Service (QoS) versus QoE: Quality of Service is the geeky term used by engineers on how to
tell the network to provision and hence (potentially) guarantee the individual and aggregate
experiences they have promised. The Telecom industry has been maturing these QoS ideas for the
last 20 years. We will not go into the details of the QoS in this paper, but touch more on the intuition
behind translating the QoE needs into QoS parameters.
Now that the generalities are over, let’s delve into how to derive the customer experience parameters for different types of
applications.

The Basics - The three dimensions of QoE
Any application can be categorized in three dimensions, based on their throughput needs, delay needs and loss needs. Albeit little
bit old, you can get some of this thought process with examples in [1]. You might have guessed that these three application
dimensions are used to identify the customer experience.
Let me explain how these concepts can be interpreted using examples as shown in the Error! Reference source not found.. Please n
ote that these are typical simplified application parameters. The same concept can be complicated by creating min and max as
elaborated in [2].
For example, you
are doing a fancy
video conference
(not the
WhatsApp kind),
you may be ok
with 5 Mbps
throughput, may
tolerate 2 second
of maximum delay
and 3 packet
losses per second,
Figure 5 Creating a simple normalized customer experience metric across different applications
as shown in the
table in the figure.
Let’s consider a gaming application that your teenager is playing with his/her friends - such as “Overwatch.” You will hear all kinds
of swearing if the network does not meet their expectations. Say this application requires approximately 5 Mbps throughput, can
tolerate at a maximum of 1 second delay (without the kids calling “dude get out of the game if you have too much lag”) and a
maximum of 1 frame loss per minute. To get a uniform picture across the applications, we need to normalize them (as shown in
Error! Reference source not found.) to the expected maximum value in each of the three dimensions. These can then be mapped t
o a radar graph as shown on the right-side of the figure.
By looking at the graph, we can get a good understanding on what makes up reasonable tolerance levels (customer experience) for
an individual application. Now that we formalized the customer experience part, let’s formalize the next step – the QoE (the
network) aspect.
The question on your mind, as the network provider, is – “how do we offer better Quality of Experience for customers?” You are not
worried about only one customer but a bunch of customers that you are supporting. This is the catch. You will have to take the
aggregate of the customer experiences. Aggregate throughput is proportional to the total throughput of the applications at a given
time. Delay (refer to the insert for details on delay related jargon) tolerance, in the worst case, is the minimum of the delays of all
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the applications or contained per application. Loss, on the
other hand, is like delay: it needs to be bound per application.
Now (hopefully) you see the problem.
Ok, ok … no more suspense. QoE will need to be an aggregate
function (throughput needs) and a minimum function (delay
and loss tolerance) in other dimensions. How are these QoE
guarantees made (designed for and deployed) when there are
mixed applications such as the ones in Error! Reference source n
ot found.?

Delay jargon demystified
I know, I know – you got your definitions right. For those
of us who mix up the terms – lets define the delay jargon.

Delay: Delay is the total time taken for a packet to
go from one location to the other. This includes
combining the equipment delays, buffering delays, host
delays, network delays etc. Think of it the time taken for
you to reach your office through different traffic zones,
when there are other cars on the road.

Here comes different Quality of Service (QoS) techniques, such
as differentiated services (DiffServ), that you may be familiar
with. Without digging too much into QoS, let’s get the intuition
on what parts of QoE can be accomplished with QoS and how.
Latency: This is the minimum possible delay that
Throughput – as this is the aggregate QoE parameter - by
can happen between the end points. It can be
providing a higher capacity medium, intuitively we can meet
unidirectional or round trip. Think of this as the time it
the needs of a bunch of applications QoE needs. Delay on the
takes for you to reach office when there is no traffic and
other hand is a minimum function. That is, if we need to offer
you got only greenlight lights on the road.
the best delay based QoE, we must create the smallest
expected delay of all the applications. So is the case for the
Jitter: Jitter is the variance in the delay. Due to
loss. But, as you know, we cannot design a network to the
varying conditions enroute the packet, delay is not going
worst-case scenario: this can become very expensive. So, us the
to be the same all the time. It changes packet to packet.
experts put these applications into different groups and apply
Hence the variance. This is the time variance you see in
different techniques to guarantee group level QoE. These
travel time to your office on different days.
techniques range from creating a virtual network (such as
through GMPLS tunnels, VRF etc.) to aggregated QoS offering
for classes of applications. In creating these striped networks to offer QoE guarantees, there are certain limitations we need to
remember. We will explain one such dimension through the delay-sensitive application – internet-based gaming.

Gaming application basics
Finally, I had the opportunity to catchup with
my son with his gaming activities on his
powerful laptop. He was kind enough to give me
a tour of the lingo they use. In Figure 6, I will
walk though some of my understanding with
the help of his favorite games: Minecraft and
Overwatch. The idea here is to get a
directionally correct assessment on customer
experience and hence QoE, so do not delve too
much into the exactness of the numbers.

Figure 6 Typical gamer experience related parameters for two popular games
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Minecraft [3] is a noncompetitive game which implies you can work with a team of gamers, but they are not going to be upset with
you if you have a bad performance day. Typically, in a competitive game, each gamer depends on their teammates to perform well
so that their overall rating stays high. The gamer’s performance does not just depend on their individual performance but also on
their network and computer performance. Figure 6 compares these two applications from their network and computer needs point
of view. For a good gamer having such capabilities are essential to be competitive. Looking from the network provider’s point of
view, providing these required capabilities, also known as customer experience, is essential to win the gamer as a customer.

Know what effects gaming QoE
The gamer is your customer. He is interested in
his experience. During this quest, he must go
through many hurdles. Let me walk you through
this journey step-by-step.
Figure 7 provides different components that
impact the gamer’s experience.
Got to have a better laptop: When I prodded my
son to get a 32GB RAM laptop with GeForce
NVIDIA processor (in that moment of misguided
love), my intention was for him to use it for his high-performance physics simulations. Little did I know at that time, this will be a
perfect distraction of showing off to his friends that he has a perfect master of hardware for playing competitive Overwatch! If the
gamer wants to get a good end to end performance, it begins with the computer he holds.

Figure 7 Different components that impact gaming application customer experience

The in-home activity (WiFi or wired) matters: The gamer must remember that he is competing with his parents working from home
and that dang on TV streaming Bambi in 4K video from Netflix for his sister. So, he should not cry that the game is dropping frames
or lagging because his family is unwittingly impacting his gaming lifestyle. He has to fix them first
The service provider is
interested in keeping the household as a customer. Hence, they must provide a good Quality of Experience to all the users at home.
They have a bigger challenge than the exact customer experiences the gamer, sitting in that corner room, is looking for. As you can
see within the home itself the concept of customer experience is translated into household QoE. [Side note: Try this if you want to
call your son for dinner and he is not getting out of his Overwatch mode. Continuously ping your router/modem until his teammates
say his network performance sucks and kick him out of the game!]
Get a good internet plan: The gamer may have a good meshed WiFi network and a great router to the internet. But if the household
has a poor broadband plan the performance can be a disaster. Imagine that he is playing Overwatch and his sister is watching TV
and his dad is on a video conference call with clients (perfect COVID-19 situation), and they have only 25 Mbps downstream plan.
There goes the frame rate for the application! So QoE is impacted by the pipe the household has to the network.
Love thy neighbors: Do you think your neighbors are sitting idle while you are playing games and watching movies! This is a dog eat
dog world man! They are paying for their broadband connection, who are you to say that they should not use it to the fullest
account. You may ask, “That is all fine, but why is my internet service provider not guaranteeing to all the subscriber needs from my
neighborhood?” If the operators had built the network to the worst-case traffic needs – they would have been bankrupt by now! No,
I am not joking. The world works around the overselling concept. The airline industry, the cruise ship industry, the telecom industry
(the Amtrak - just joking, waiting for that day to happen!) – all over the world we are faced with the overbooking concept. This is
essential to make sure the planes, the ships and the networks are fully utilized under normal conditions. For the geeks, this is the
basic statistical multiplexing. What has this got to do with gaming? Right, the gamer performance is not only impacted by his
beloved family but also by his evil neighbors. This is another wrinkle in the QoE picture. Here everyone in the neighborhood is
impacting everyone else’s customer experience.
How far the server is matters: Let me try to be as less technical as possible here. The minimum lag (round trip time – or the ping in
gamer terms) the gamer can expect from the pc to the server and back to pc is proportional to the distance between the pc and the
server. Right! Now add the interference from your home traffic, the neighbors’ traffic, the neighboring communities’ traffic, your
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metro traffic, the backbone (to reach the server through different information highways) traffic and finally the traffic on that server
that you are connecting to. All these integration points and their traffic load will impact the QoE. Of course, this traffic varies by
day, by time of day and the location in the end to end path. These dynamics in the network impact the QoE.
Is the gaming server powerful enough? The last frontier. The server which is hosting the gaming conglomerate is also essential for
the better performance of the application. Number of sessions on the server, the configuration (CPU, memory, IO etc.) of the server
and the application characteristics are some of the essential parameters gamers should be considering.
Now that we dug a little deep into, with the help of the gaming application, the relation between the customer experience and the
network Quality of Experience parameters, lets pull them together and understand the “so-what” for the operator.

What does all this mean to the operator?
After all this run around, what does this mean for an operator who is trying to run a high QoE network? Here are some points to
remember -

-

-

Know what customers are looking for in the name of customer experience: Understand that each application has three
dimensions in the name of customer experience – throughput, delay and loss related.
Know that customer experience and QoE are different: Many of the above applications’ customer experiences together
form QoE, which is what the operator cares for. This QoE aggregation increases as we get deeper in the network. Some of
the customer experience parameters are additive (such as throughput) and the other are min functions (such as delay).
Remember that your favorite segment of the network contributes to only a portion of the problem: Know that QoE
problems that are being solved in the segments of the network, such as using WiFi6 [4], low latency DOCSIS [5] etc., albeit
essential for the end to end QoE, they are only partial solutions. So, if the customer is frustrated about their experience, it
must be considered in the end to end perspective.
Solving for one of the QoE parameters alone is not going to increase the customer experience: Finally, as
demonstrated in the gaming example, just solving for the latency (the lag) is not enough for improved customer
satisfaction. Keep an eye on the non-dominant QoE factors also.

Making the right steps towards the best possible QoE, engineering the network the right way and advising the customer on what to
do in case of poor experience will lead to improved customer satisfaction.
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Blog

IoT, IoT Everywhere…
Rajesh Abbi
Principal Consultant, Duke Tech Solutions

IoT is a revolutionary technology that has unlimited potential. The market is exploding with new
products and services. Why then do we not see widespread deployment of such products and services?
About the author: Rajesh Abbi has over 25 years of experience in the telecom and networking industry,
covering strategy consulting, product management, system architecture, and software development
roles. Rajesh earned a master’s degree in computer engineering from North Carolina State University
and an MSc in physics and BE in electrical and electronics engineering from BITS Pilani, India. You can
reach Rajesh at rajesh.abbi@duketechsolutions.com
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Background
The Internet-of-Things (IoT) market is growing by leaps and bounds – with billions
of devices deployed and with a market size of over $150 B. But looking at the
current MSO play in this space, one wouldn’t know that.
The “Smart Home” revolution started a few years with the advent of new IoT
technologies promising to automate just about everything in the home from
security systems, to thermostats, to lights and fans. MSOs – who already
dominated the communication and entertainment space in the homes – saw an
easy opportunity to expand into this new space and “own the home”.

What is the problem?
IoT is a revolutionary technology that
has unlimited potential. The market is
exploding with new products and
services. Why then do we not see
widespread deployment of such
products and services?
Key Takeaways

Many years have passed now, and the MSOs are nowhere close to their dream of
owning the smart homes. It seems IoT is everywhere, but barely in most MSOs
portfolios. So, what happened?

The Hype Cycle
IoT is a relatively new technology. The IoT market is following the typical lifecycle
of any new technology illustrated beautifully by the Gartner Hype Cycle (see chart
below).

▪
▪
▪
▪
▪

IoT is still relatively immature
It is facing growing pains
That is limiting adoption
Current issues are being resolved
Future of IoT is still bright

With the introduction of any new technology the market
explodes with anticipation of unlimited possibilities. It’s a
proverbial “gold rush”. This is illustrated by the “Peak of
Inflated Expectations” in the chart.
IoT has applications in just about every sphere of human
existence – so the possibilities here are endless. No wonder
almost every business out there is exploring IoT possibilities.
The market today is teeming with new IoT products and
services promising to revolutionize our lives. The
expectations are huge.

The Reality
The market today has a vast array of IoT products and
services vying for the consumers pocketbook. But that is precisely the problem. Every product or service promises to make life
easier for their user - but in reality - most products and services offered today are just that – promises. Many products available
today are simple prototypes that provide some basic capability to attract customers. While consumers have many choices, it often
leaves them paralyzed. Most products and services do not interoperate. Most have serious security flaws. Many are hard to use
and only the tech-savvy consumers can use them. No wonder, therefore, widespread adoption of these products and services is
severely lagging.
In the product lifecycle chart above, this is illustrated by the “Trough of Disillusionment”. But before we despair – there is hope.

Where to Next?
The industry is beginning to understand many of the challenges facing IoT adoption and efforts are under way to resolve these.
Various standards organizations are trying to consolidate their work and develop interoperability specifications. Product and
service vendors are refining their early prototypes to produce versions that are more usable and secure. They are also expanding
their portfolios to include support and interoperability with additional products and services out there. This represents the “Slope of
Enlightenment” in the chart above. Just like the slope, this work will be slow and painful. But ultimately it will bear fruit in the form
of the “Plateau of Productivity”. Till then, hang tight to the dream of an interconnected future.
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Blog

Digital transformation: How to get to the next level
Dennis Edens
Manager, Duke Tech Solutions

Digital Transformation is happening in all Federal agencies. The impact that it provides will depend on
how it is implemented. This blog provides a framework that can be used to take collected data and use
it to improve processes, solve problems and enable data driven decisions.
About the author: Dennis Edens has over 25 years of experience in the telecommunication’s industry in
the areas of Operations, Engineering, and Business Development. Dennis received his BSEE
engineering degree from the University of Nebraska at Lincoln and his master’s in management (MBA)
from North Carolina State University in Raleigh.
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Introduction
President Obama initiated the government’s initiative to harness the
power of technology to help create a 21st century digital government—
one that is efficient, effective and focused on improving the delivery of
services to the American people.
There were three key objectives:
a)

Enable citizens to securely obtain government information,
data and services (anywhere, anytime, on any device)
b) Create an infrastructure to support digital government efforts
and leverage the government’s buying power to reduce cost
c) Provide federal workers the tools needed to deliver services to
all citizens
To accomplish these objectives, agencies have been aggressively
moving applications to the cloud with the intent to create an
environment that is better, faster and more efficient. This has
definitely help accomplish some of the targeted results. However, why
stop there? Why not use this opportunity to create common data
collection points and use this data to improve processes? The data can
also be used to enable better and faster decision making. In other
words, data driven decisions. This would also take the decision-making
process to the next level.
This would help improve customer satisfaction, while improving service
delivery. Currently, many agencies lack consistent processes to
measure performance and ensure content quality. The key is to collect
the proper data to evaluate process performance and identify needed
improvements. This blog provides a framework that can be used to
take collected data and use it to improve processes, solve problems
and enable data driven decisions.

Digital Transformation
Government agencies shift to have their applications in the cloud is a
good first step to digital transformation. However, to take full
advantage of this move, they also need to implement measures to use
their data more effectively to enable data driven decision making and
to implement continuous improvement into their processes.
The following sections outline a framework that can be followed to
help transform your data into usable actionable decisions. This can be
for process improvement, for solving tough problems or anticipating
future outcomes, all resulting in taking action to prevent unwanted
results or improve future results.
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What is the problem?
Government agencies are working diligently to
make what is being called a digital transformation.
The goal is to move everything to the cloud to be
better, faster and more efficient.
The intent is also to be able to make faster and
better decisions. This is not a new idea, DTS has
been helping the private sector make this transition
for the past six years.
DTS uses data analysis and date analytic
techniques to solve business related problems for
our clients. We routinely model the data to provide
a near real-time engine to enable data driven
decisions. This is exactly what government
agencies want and need to do to achieve their
goals.
This blog takes a high-level view of the steps to
follow to use data to drive your decision making.

Key Takeaways
To make the most of their digital transformation,
government agencies need to understand what
data they have and what additional data they need
to monitor to improve processes and address
issues.
Typically, data is tied to a process and analysis of
the data can tell you when the process is out of
control or identify where improvements are
needed.
This blog outlines the phases and high-level steps
that should be followed to enable your digital
transformation to provide data driven decision
making. These steps include:
▪
▪
▪
▪
▪

Exploratory Analysis
Model Building
Visualize for Decision Making
Automate Process
Productize and Deploy

Let your data provide the insight needed to enable
data driven decisions
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Digital Transformation
The framework that DTS uses to convert data into meaningful information involves three main stages. These include a data driven
strategy, data centric transformation and solution feedback and optimization. Each stage is critical in reaching the desired results.

Strategy

Transformation

Optimization

Data Driven Strategy

Data Centric Transformation

Feedback and Optimization

Define problems and develop algorithms

Analyze data to drive decision making

Create scalable data solutions

• Assist with data problem definitions
and plan
• Develop solutions using modeling,
AI/ML and other tools
• Develop the algorithms and tune
them for performance

• Perform predictive analytics on the real
datasets
• Assist with the analysis and decisionmaking guidance
• Develop visualizations and dashboard
for monitoring

• Provide integration with AWS services
• Implement real-time data model with
automatic data refresh
• Automate solution for scalability

In the data driven strategy stage, the problem is being defined, a plan is developed to address the problem, models and algorithms
are being developed and performance is assessed and fine toned. During the next stage, which is the data centric transformation
stage, real data is analyzed, and decision guidelines are established. Visualizations and dashboards are also created to assist in the
decision-making process. During the final stage, the solution is optimized for scalability. This might include integration with AWS
services and automatic refresh of the data. The end result is a decision-making solution that is readily accessible to authorized
users. The solution should be properly documented, and training provided to enable its use.
In executing these three stages, five key steps involved include:
1)
2)
3)

Exploratory Analysis – the problem is defined, stakeholders interviewed, data explored, cleaned and transformed
Build Data Model – the best type of model is Identified, created, trained and validated (using agile methodology)
Visualization/Decision – includes thing like predictive analytics, linking to real-time data sets, creating metrics and
dashboards, all used to provide decision making assistance
4) Automation – which includes streamlining data ingestion, automating the analysis, solidifying metrics/governance,
possible process changes, anything needed to streamline the decision-making effort
5) Productize/Support – lastly productize the solution, which includes finalizing documentation, training and
implementation
After implementation, the solution will need to be supported and improved based on user feedback. DTS works to capture metrics
to help in identifying improvements to this framework. If implemented properly, dramatic and transforming results will be realized

Data Driven Strategy
Let’s look at each stage in more detail. In the strategy stage it is important to fully understand the problem and the
stakeholders involved. DTS feel that it is critical to interview all key stakeholders to understand their needs and concerns.
Based on a good problem definition, a plan can be generated (paper model) on how to solve the problem. This leads to
identifying the data that is needed, the type of model to be used and the algorithms needed to provide the information necessary
to make the proper decision. If big data is used, algorithm performance might be an issue. Based on your performance
requirements, ensure that the algorithms being used can support these requirements.
As part of this process, you will need to collect and understand the data that is available. It is critical that you have “good” data. As
they say, garbage in results in garbage out. In reviewing the data, you need to look for any missing data. If possible, the missing
data should be added to the database to make the data set whole. Corrupted data also needs to be identified and corrected or
removed. In some cases, data outliers maybe the result of corrupted data. Time should be taken upfront to ensure that the data
that is going to be used in your analysis is clean and reliable.
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Once you have good data, you can move to the analysis phase. This is where you will analyze the data to identify trends and find
correlations that exist to better understand the data. During the analysis phase, you will also work to test any hypothesis that you
are trying to prove or disprove. There are standard steps that you can take when analyzing the data. In most cases, you will want or
need to work with a subject matter expert that can help with the analysis and provide the understanding or relevance of what the
data has to offer. When solving a problem for a client in an area that fall outside of our expertise, DTS will work with one of our
many partners to obtain the subject matter expertise needed to fully analyze the data.

Data Centric Transformation
Typically, the analysis of the data is not a onetime only need. For example, creating a weekly or month forecast,
comparing budget to actuals, etc., will happen on some sort of regular schedule. For these cases, creating and
automating a data model is warranted. The model will provide consistent results over time. There are several types of
models that can be created depending on your need or the problem being addressed. During the transformation stage, the model
should come together in a way that best drives decision making.
Depending on the problem being solved, gathering and presenting the analysis that enables an informed decision to be
made will vary. The objective is to provide a telling visualization that enables quick decision making. As we know, a
picture is worth a thousand words. In our case, a good visualization can tell the whole story. The data may show that the
answer is obvious, but you should not expect your customer or your management to sift through the data or a spreadsheet to find
the answer. Time is important and decisions need to happen quickly. This is why it is important to create visualizations that clearly
tell the story and the punchline. The data is still important and should be available in your backup material should there be a need
to review the details. When DTS creates a model, we provide the key visualizations along with the results to expedite the decisionmaking process. Where there are multiple areas to be reviewed or a set of data that needs to be reviewed on a regular basis, the
results of the analysis should be summarized in a dashboard. The dashboard should be automatically updated each time the
analysis is performed.

Feedback and Optimization
By definition, the results of a model will not be 100% accurate. The key is understanding how accurate the model needs
to be to be useful and provide value. By reviewing the results of the model and making any needed adjustments, the
accuracy of the model can be improved. This is critical especially in the early stages before the release of the model to
the end users. Users will stop using the model if the results are not meeting their expectations. This is why we include review of the
results as part of the modeling process so that we can continuously improve the accuracy of the model
Once you have a solution that satisfies the requirements and has stakeholder approval, the solution needs to be automated for
scalability. This might include integration with your AWS services. You will also want to have the data automatically refreshed so
that the most current data is being analyzed. In some cases, there is value in seeing the change from the previous run of the
analysis. If this is the case, you will need to be sure to include visualizations that allow this comparison to be made easily.
By creating a detailed bottoms-up project cost model (by market), DTS was able to provide one of our clients with a consistent cost
model that significantly reduced the cost generation and project approval time. The process originally took weeks. After the
modeling tool was made available, the updated cost generation and review process took just minutes and provided more accurate
and consistent results (win – win). Can you think of any process you have that could be improved?
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Summary
As Federal agencies work through their digital transformation, I feel they will find that the real power and saving will come from
using their data to identify and solve hard problems, while improving their processes along the way. DTS has helped its clients over
the past 6 years do just that.
DTS uses proven processes,
tools and years of experience to
provide transforming results.
We empower our clients to make
quick and informed decisions.
We enable clients to make
proactive vs. reactive decisions to achieve their goals, while gaining a competitive advantage.
We recommend that you follow the framework outlined in this blog to analyze your data. We feel that will take your analysis and
decision making to the next level. If you have any questions, please feel free to reach out to us. For more insight on our company,
please check us out at www.duketechsolutions.com.
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Closing thoughts: On DTS federal front
DTS has been busy responding to government solicitations and working with our partners to find key synergies. As DTS is focused
in the areas of our core strengths, partners are very valuable to us in addressing the breath of the solutions that government
agencies are looking for in their RFQs. It can be very difficult for a small company to cover all the bases and do everything well. We
have made the decision to do what we do well and work with quality partners to
address the things that fall outside our core competencies. You may have noticed
contributions from some of our telecom partners, Broadband Success Partners and
Xona, in this magazine. We plan to include thoughts from our Federal partners
from the next issue of this magazine. Our current federal partners include Trillion
Technologies Systems, Inc. (TTSI), Data Storage Science (DSS) and RestonLogic.
We would like to take this opportunity to thank all our partners for working with us
and being there when we need them. We appreciate your hard work and
cooperation.
We at DTS hope that everyone has been able to stay safe during the current COVID
19 pandemic. We would also like to thank you for taking the time to read our
magazine and hope you found it informative.
To learn more about how DTS can help your company, please visit us at
www.duketechsolutions.com.
Dennis Edens, Manager
Duke Tech Solutions Inc.
+1-919-332-9681
Dennis.Edens@duketechsolutions.com
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Contact Information
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Web:

http://www.duketechsolutions.com

Email:

contact@duketechsolutions.com

Phone:

+1-919-961-6175

Insights: http://www.duketechsolutions.com/insights
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