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Welcome to Cable Business Transformation Discussions 
Welcome to Duke Tech Solutions (DTS) 2022 summer magazine.  

The cable operators in the US have spent an average of ~$18B every 
year for the last 10 years1 at a 10% YOY rate. The drivers for these 
increased investments are the customer demand growth (~30 – 40% 
downstream and 20 – 30% upstream), the neck-to-neck speed 
offering competition amongst the operators2, and the renewed quest 
for revenue-generating services. This exponential growth in spending 
is driving further rigor in the operator's long-term investment 
strategies, and at the same time investing in high-margin verticals. 
We categorize these cost and revenue considerations as access 
business transformations, which have been the focus in the last three 
magazines, including this edition. 

We start with Sudheer introducing the steps operators need to take 
to meet these access business transformation challenges. Followed 
by our partner company FPI along with Kyrio (a CableLabs subsidiary) 
explaining how to perform optimal cost access transformation 
planning. Continuing our focus on Telecom for Wellness (T4W), DTS 
and Shaw communications present the use cases for T4W from cable 
operators' perspectives. Our team is working with many of the 
operators, CableLabs, and vendors on the next-generation 
architectures to support future revenue-generating opportunities. 
These are presented by Rajesh and Sudheer in the next two articles. 
Finally, XONA partners, one of DTS’s wireless strategy partners, 
explains the choice between 4G or 5G for private wireless networks. 
Enjoy reading. Your feedback is always welcome. 

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 the 
telecommunications, healthcare, and analytics industries. 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 need help. 

Sudheer Dharanikota (sudheer@duketechsolutions.com) 

 

 
1 Broadband facts and stats, NCTA, available here 
2 AT&T’s new 5-gig and 2-gig fiber internet is here, available here 

 

 

 

 

 

 

 

 

 

https://www.ncta.com/broadband-facts
https://www.theverge.com/2022/1/24/22898876/att-fiber-multi-gig-connections-speeds
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Cable access business transformation 
opportunities 

By Sudheer Dharanikota 

Introduction 

Cable operators are going through major business 
transformations lately to get control over their 
costs (90% of them coming from their access 
networks comprising of facilities, outside plant, 
and in-home networks) and gain additional 
revenues to maintain healthy margins. The yin and 
the yang between the cost and the revenue 
centers are discussed in [1], where we recommend 
developing a long-term TCO-based plan. Cost 
optimization is only one side of the access 
business transformation coin. We recommended 
in [2] that the operator should develop a portfolio 
of smarter revenue-generating bandwidth 
services to retain a decent Capital Intensity Ratio. 
In this blog, we want to highlight the risk-based 
balancing act the operators need to consider in 
their access business transformation. 

Opportunities 

First, looking at the revenue opportunities, the 
traditional triple play revenues are constantly at 
risk. You may ask, the customer needs are not 
increasing at the same rate as the speed offering 
increases. I got it. Tell this to your customer who is 
choosing between your product and the other 
who is offering 2 Gbps or 5 Gbps at the same price. 
Whether we like it or not the gap between the 
need versus speed is growing and the revenue per 
sub per Mbps is going down. This product-based 
planning as opposed to needs-based planning is 
changing the fundamentals of access 
transformation methodologies (point in case the 
Tom Cloonan QoE-based access planning).  

Also, the cable operators are underutilizing their 
capabilities – namely customer relations, the end-
to-end infrastructure, the service infrastructure, 
etc. How can an operator create a win-win 
opportunity by playing to their above strengths? It 
is logical for the operator to evolve from these 
bandwidth reselling to offering high-value 

revenue-generating verticals. Telecom for 
Wellness (T4W) opportunities such as Aging in 
Place and Telehealth are two such opportunities, 
as we have analyzed in [3], [4]. Such opportunities, 
if executed with conviction, will add higher margin 
opportunities to your portfolios, reinvigorate the 
workforce, and reuse the existing infrastructure to 
its next level [5]. 

Second, looking from a cost optimization point of 
view, the cable operators are facing varied linear 
and non-linear access upgrade options [1], [6] to 
keep up with the transformation needs. The short-
term and long-term cost variance can create 
havoc in the cost center’s financial and operational 
([6], [7]) strategies. To avoid these pitfalls, the 
operator needs to look into long-term 
implications from 3600 points of view, as specified 
by our SOFT (Services, Operations, Financial, and 
Technical) framework in [9]. To find the best long-
term option, the operator needs to look at the 
transformation options from the optimal 
deployment point of view. This optimality could 
be done by exhaustively searching for the best 
solutions for a given transformation duration or by 
applying some of the business transformation 
goals (we call them greedy algorithms) as 
presented in [8], [9].  

In addition to the existing cost and revenue 
options we have been presenting to the cable 
operator community, we recommend that they 
use the current differentiators to leap-frog the 
competition by taking proper architectural steps 
as highlighted in [10]. 

Recommendations 

All of the above business transformation options 
will come with some level of risk and a 
proportionate opportunity, as shown below. 
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Transformation 
option 

Risks Opportunities 

Traditional 
products 

Decreasing 
revenue per bit, no 
differentiators 

Table stake 
offering 

Access upgrade 
optimization 

SOFT planning, 
long-term vision 

Long-term optimal 
upgrades (reduce 
regrettable 
investments) 

Smart bit pipes Non-traditional 
market segments, 
uncomfortable 
initial investments 

Higher revenue per 
bit, strong 
differentiators 

Future 
architectures 

Applicable to only 
greenfield, initial 
spending 

Lock in future 
deployments 

Of course, the rewards will depend on what level 
of risks are the operators willing to take. For 
example, staying status-quo with the traditional 
products will reduce the top line significantly in 
this hyper-competitive environment. At a 
minimum an operator can do is to perform long-
term access transformation optimization, by 
meeting the product needs. This will be what we 
call the regrettable spend reduction. The next step 
for the operator is to find which portfolio of 
opportunities (such as T4W) they are willing to 
invest in. Here, more so than the other options the 
risk can be disproportionate to the reward if 
played to the operator's strength. As a final 
recommendation, we advise the operators to 
invest in strengthening their future differentiating 
architectures to open them for next-generation 
opportunities. 

For additional thought-provoking discussions 
reach me at sudheer@duketechsolutions.com  
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What is the problem? Key Takeaways 

In this paper we observe: 

▪ The optimal upgrade strategy is not intuitive 
▪ The mathematically least cost solution is not 

necessarily deployable 
▪ The greedy algorithms reflecting different upgrade 

strategies can create near optimal implementable 
transformation plans    

▪ The lifespan of the network goes beyond the plan, 
future safeness must be a key factor in strategy 
selection 

 

Key words: Access planning, optimization, strategy, speed 
tier, finance, operations 

How do I create an implementable 
optimal access transformation plan, 
that gives me the most “bang for the 
buck”?  

This first paper in the series looks at the 
process to get to the insights needed to 
define an optimal network 
transformation plan. 

What’s next: 

▪ Tuning the selected optimal 
transformation strategy 

▪ Applying constraints to create 
realistic plans 

▪ Zoom in and refine with targeted 
deployment strategies 

Dr. Luc Absillis, Dr. Sudheer Dharanikota 

 A First Principles Innovations white paper 

Creating an optimal access transformation plan –  

Understanding the problem 

A first paper in the optimal network transformation series 

To TOC 
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What is the problem? 

Telecommunication networks are going through 
major transformations to meet insatiable 
bandwidth demand growth and to release new 
product speed tiers to stay competitive. Especially 
the access part of the network is affected the 
most by the changing requirements and it 
contributes to 90% of the yearly CapEx 
investments [1],[2]. Carefully planning the access 
network transformation is fundamental for a 
telecom operator’s success. This requires a 
systematic approach to answering a lot of what-if 
questions with strong tool support, as discussed in 
previous papers [3],[4],[5].  

After doing all the work using access 
transformation tools such as AP-Jibe [6] a solid 
plan will emerge. But the leaders and stakeholders 

will have a nagging question that remains – is this 
access transformation plan the optimal plan? In 
this paper, we will show how to answer this 
question using a realistic HFC network 
transformation plan as an example. 

The sample topology setup 

The access network we used for this paper is an 
(imaginary) HFC network in the state of North 
Carolina, as shown aside, with characteristics that 
represent the current state of a typical cable 
operators’ network. We took special care to select 
access node characteristics (such as type of 
customers, aerial versus underground, densities) 
in downtown, urban, suburban and rural 
morphologies. 

One of the key 
inputs to any 

access 
transformation 

network 
model is the 
assumption on 

subscriber 
demand growth. For this paper, we kept the 
demand growth model relatively simple by 
assuming constant year-over-year growth 
without subscriber acquisition assumptions. As 
shown in the figure, we did include market-based 
differentiation and a special growth profile for 
nodes with a high density of business customers.  

In terms of upgrade triggers (refer to the “When 
are access upgrades performed?” insert), to keep 
the results simple and easy to interpret, we 

modeled a simple utilization threshold trigger-
based model and did not include any product or 
QoE triggers [7].  Note that the process used in 
this paper can also be applied to other triggers or 
a combination of multiple triggers. 

The key part of building any access 
transformation plan is prioritizing the upgrade 
options one wants to consider. To create an 
optimal solution, we needed to include all 
possible upgrade options for each state of a 

node. In this paper, we included the possibility of 
different types of upgrades a cable operator might 
consider. These options include: 

When are access upgrades performed? 

Utilization threshold based trigger: Upgrade a 
network element when utilization reaches a 
predefined percentage of capacity (e.g., 70%). 

QoE based trigger: Upgrade a network element 
when a user can no longer burst consumption up 
to a predefined level.  

Product trigger: Like QoE based triggers, with 
predefined level based on maximum speed tiers of 
the product roadmap. 
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Spectrum upgrades:  

▪ Increase the upstream capacity through 
the mid split, high split, and full-duplex 
options 

▪ Increase the downstream capacity by 
adding additional OFDM blocks or adding 
full-duplex blocks (can include the increase 
of the overall plant capacity by upgrading 
to 1.2 GHz or 1.8 GHz) 

▪ Increase the capability of Fiber To The 
Home from XGSPON to NGPON2 or 100G 
PON 

Node upgrades: 

▪ Reduce the number of subscribers per 
node through node splits 

▪ Reduce the number of subscribers per 
node through fiber deep options with N+0 
FDX nodes 

▪ Convert the HFC nodes to Fiber To The 
Home nodes 

Figure 1 shows a graphical representation of all the 
upgrade options considered in the transformation 
plan used for this paper. The analyses used in this 
paper consider a 10-year quarterly plan.  

The costs used for all upgrade actions in this 
example are based on the default cost included in 
the AP-Jibe tool. These costs are averages based 
on extensive industry research by our team.  

Different upgrade strategies 

The upgrades shown in Figure 1 are the art of the 
possible. An operator can manually specify the 
priorities of the upgrades, as shown in Figure 2. 
This provides the best control to the upgrade 
strategy but can be very cumbersome and 
requires an in-depth understanding of the option 
priority impact.  

Figure 1 Different Hybrid Fiber Coax and Fiber To The Home access upgrade options considered in this paper 
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Figure 2 Manually created access transformation upgrade 
options  

As an alternative to the manual upgrade strategy, 
the operator who uses AP-Jibe can use different 
corporate strategies as a guiding principle to pick 
the best upgrade paths. The following are the 
three common classes of corporate strategies 
(implemented in the AP-Jibe tool with greedy 

algorithms, as explained in the insert “Greedy 
versus exhaustive algorithms”): 

Kick the can down the road: In this strategy, when 
a node needs to be upgraded, the preference is to 
pick the lowest cost option that satisfies the 
upgrade requirements. This is the lowest cost 
greedy optimization algorithm in AP-Jibe. 

Minimize network upgrade actions (capacity-
based): In this strategy, when a node needs to be 
upgraded, the preference is to pick the viable 
option that provides the most added capacity to 
the node.  That is because, intuitively, upgrade 
options that add the highest capacity will survive 
upgrades the longest. Using this option mitigates 
the risk of unforeseen demand growth increases 
(e.g., the Covid-19 pandemic impact). This is the 
highest capacity greedy optimization algorithm in 
AP-Jibe. 

Least cost per capacity: A middle ground strategy 
tries to lower the network upgrade frequency and 
provide some growth risk mitigation without 
always using the biggest upgrade step.  This 
upgrade strategy picks the viable upgrade option 
with the least cost per added bit of capacity. This 
is the least cost per bit greedy optimization 
algorithm in AP-Jibe. 

Recently operators have been focusing more on 

network evolution strategies that combine 
demand growth with Quality of Experience (QoE) 
triggers [7] also refer to as K-factor triggers based 
on the formula: 

K-Factor triggers are also commonly used to 
incorporate future speed tier roadmap 
requirements into the access transformation plan. 

Upgrades based on K-factor triggers are driven by 
the available headroom (see Figure 3) on an 
interface or service group rather than the capacity 
available per subscriber on the network. It, 
therefore, makes sense to include alternative 
upgrade strategies that focus on headroom rather 
than capacity. 

Minimize network upgrade actions (headroom-
based): In this strategy, the preference is to pick 
the option that adds the most headroom to a 
node’s interface. The maximum speed tier an 
operator can deploy on an access link is bounded 

C The service group capacity 

Nsub Number of subscribers in a service group 

Tavg Average peak time consumption per sub 

K Access network QoE factor 

Tmax Maximum speed tier offering 
Figure 3 Quality of Experience based capacity allocation 
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by the available headroom. A higher headroom 
strategy is the best hedge against competitive 
threats. This is the highest headroom greedy 
optimization algorithm in AP-Jibe. 

Least cost per headroom: In this strategy, the 
preference is to pick the option with the least cost 
per added bit of headroom. This is the least cost 
per headroom greedy optimization algorithm in 
AP-Jibe. 

In its latest release, AP-Jibe includes the capability 
to select an algorithm that reflects one of these 5 
upgrade strategies. This allows for an easy way to 
compare the impacts of the different upgrade 
strategies on the network transition plan. 

Being able to compare results for these strategies 
side by side, creates very valuable insights and 
allows you to quickly refine your transformation 
plan and pick a strategy that is closest to your 
vision.  

However, it still does not answer the question: 
What is the optimal transformation model? To 
answer the question, we need to create a 
reference point for the best solution given the 
customer demand growth parameters, 
transformation upgrade triggers, and available 
access upgrade options. 

The most apparent optimization criteria for a 
network transformation are the total investment 
cost or the net present value of the total 
investment cost.  With all the possible upgrade 
paths available in the model, it is possible for each 
node to exhaustively calculate all the viable 
upgrade paths and pick the path that offers the 

least investment (cost or NPV). For this paper, we 
defined two different exhaustive criteria to 
determine what the best solution means: 

▪ The lowest NPV: In this exhaustive 
optimization criteria, for every node in the 
network, pick the upgrade path that keeps 
the node compliant with the needs and has 
the lowest total present value for all the 
upgrade costs incurred during the analysis 
period. 

▪ The lowest cost: In this exhaustive 
optimization criteria, for every node in the 
network, pick the upgrade path that keeps 
the node compliant with the needs and has 
the lowest total cost for all the upgrades 
incurred during the analysis period. 

The optimized access transformation 
insights 

With the setup and the upgrade strategies 
explained, we can compare the results side by side 
to develop relevant insights. Note that the results 
are very dependent on the scenario inputs, what 
upgrade strategy is favorable will depend heavily 
on the upgrade options that are being evaluated.  
It is therefore not the intention of this paper to 
draw specific conclusions, but rather to focus on 
the process and type of insights gained by this 
type of analysis. 

One key set of inputs not explained in this paper 
are the costs incurred for different transitions. The 
costs used in this example are the default costs 
included in the AP-Jibe tool. The costs are based 
on the extensive market research done by our 
team. 

Results names used in all the graphs include the 
algorithm or optimization criteria used and are 
formatted as follows: 

▪ …BestNPV: results are calculated using an 
exhaustive node optimization algorithm 
using NPV 

▪ …BestCost: same as above, but uses the 
total cost 

Greedy versus exhaustive algorithms 

Greedy algorithms: These are the algorithms used 
to select the optimal upgrade option based on the 
selected criteria. The option is selected without 
any knowledge of the future needs. 

Exhaustive algorithms: These algorithms evaluate 
all viable upgrade paths for the full duration of the 
analysis and pick the optimal path based on a 
optimization criteria such as minimize total cost. 
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▪ …LC: the lowest cost greedy algorithm 

▪ …HC: the highest capacity greedy 
algorithm 

▪ …LCB: the lowest cost per bit greedy 
algorithm 

▪ …HH: the highest headroom greedy 
algorithm. 

▪ …LCHR: the lowest cost per headroom 
greedy algorithm 

▪ Scenario name starting with “All” contains 
the full state machine 

▪ Scenario name starting with “HFC” 
contains the transition options to FTTH 
were removed 

Side-by-side comparison of five greedy 
optimization upgrade strategies  

Figure 4 shows the results of the transformation 
scenarios with different greedy optimization 
algorithms for a ten-year quarterly analysis. 

The lowest cost algorithm requires the highest 
number of upgrade actions to the network (28K vs 
2K) compared to the high capacity option. Looking 
at the total cost over the full 10-year period it is the 
most expensive of the solutions. After exhausting 
the spectrum upgrade options it favors node splits 
over the expensive upgrade to FTTH or N+0 FDX. 

The highest capacity algorithm has the lowest 
number of upgrade actions (2K). Since the 
optimization option selects XGS-PON (the highest 
capacity option) from any state, it will be selected 
immediately requiring only the single upgrade for 
the network element in the ten years. As a result, 
to total cost is comparatively low but NPV is 
relatively high since all the expensive upgrades 
happen in the early years. 

The lowest cost per bit algorithm favors larger 
spectrum upgrades in the early years and pushes 
the expensive upgrade to FTTH out to later years. 
As expected, the option limits the number of 
upgrades needed while pushing the very 
expensive upgrades to later years.  NPV is 

Figure 4 Access transformation comparison of five greedy optimization algorithms 
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significantly better than the highest capacity 
optimization while keeping total cost in check. 

The highest headroom optimization in this 
scenario is the same as the highest capacity 
optimization. 

The lowest cost per headroom algorithm is similar 
to the lowest cost per bit optimization that favors 
larger spectrum upgrades in the earlier years and 
pushes the expensive upgrade to FTTH out to the 
later years. The difference with the lowest cost per 
bit is that this optimization favors spectrum 
upgrades over node split actions compared to the 
lowest cost per bit algorithm. It can be observed 
in the middle of the footprint graph where nodes 
in the D31_2_MS state are split instead of 
upgraded to XGS-PON.  

How do the greedy algorithms fare compare to 
the exhaustive optimization analysis? 

The greedy algorithms reflect the logical 
transformation strategies that align with the 
normal deployment behavior. The big question 
remains, how do these solutions compare to the 

minimum possible NPV or cost for this scenario? 
To answer the question one needs to compare the 
best path solutions (identified by the exhaustive 
search algorithms) with the greedy algorithms, as 
shown in Figure 5.  

The lowest NPV exhaustive optimization solutions 
are used to calculate the optimal path on each 
node individually. Given the difference in the node 
characteristics (aerial versus underground, the 
composition of the subscribers, growth profiles, 
etc.) it is no surprise to see the different end states 
after the ten-year analysis. Given that the 
algorithm is trying to find the lowest NPV, it will 
favor  

▪ smaller upgrades in the earlier years 

▪ in the middle years, large step upgrades 
are favored for nodes that need higher 
capacity (to avoid intermediate regrettable 
upgrades), and  

▪ the minimal possible upgrades to last till 
the end of the ten years in the later years.  

Figure 5 A comparison of different transformative options using exhaustive and greedy algorithms 



Page 12 |  © Duke Tech solutions, Inc. Proprietary 

While indeed the BestNPV offers the lowest net 
present value cost of all options, it is only 
marginally better than the LCHR (lowest cost per 
headroom) option and leaves the network in a 
state that will require more upgrades soon. 
Arguably, the LCHR option is a much better 
upgrade path. The other major concern with the 
BestNPV option is that by design it will create very 
divergent upgrade paths, which can be an 
operational and logistical nightmare.  

A logical explanation for the smaller upgrade 
behavior in the later years is that the algorithm 
selects the path with the minimal NPV for the 
exact 40 quarters that are analyzed without 
considering the end state of the network.  For a 
node, a cheaper upgrade that is viable till the end 
of the analyzed period will be selected over a more 
expensive upgrade that may provide a much 
longer lifetime for the upgrade. This effect (we call 
it the Artificial Exit Phenomenon) will be discussed 
later in the paper. 

The lowest cost exhaustive optimization solution 
is very similar to the highest capacity strategy. It 
will strive to execute large transitions early, only 

executing a single upgrade for most of the nodes. 
The major difference between the HC and the 
BestCost solutions is that the BestCost will avoid 
large upgrades for nodes that can survive the ten 
years without expensive transitions.  

What is optimal and how to create a fair 
solution comparison? 

From the observation on the BestNPV and the 
BestCost calculations, it is apparent that a straight 
comparison of different options for a fixed analysis 
period is going to be unfair if the different options 
leave the network in different end-states. This 
unfairness that is created by limiting the period of 
the analysis is what we called The Artificial Exit 
Phenomenon. Ideally, for a proper comparison of 
different optimization algorithms, we need a 
fairness factor that can capture the value of the 
exit state of the network. Unfortunately, we do not 
have such a magic formula - yet!  

To illustrate the Artificial Exit Phenomenon even 
further we can look at the impact of the unfairness 
created due to the abrupt termination of planning 
by extending the planning horizon, as shown in 

Figure 6 Demonstrating the unfairness or Artificial Exit Phenomenon due to limiting the analysis period in later years 
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Figure 6. In Figure 6, we show the BestNPV 
algorithm applied to the same network with the 
same rules but for extended analysis periods. The 
side-by-side comparison shows the BestNPV path 
for a 10-year, 12-year, 13-year, 14-year, and 15-year 
period. 

Note: the statistics shown in the top half are for the individual 
calculation period and are not normalized.   

Looking at Figure 6, it becomes apparent that for 
the lowest NPV optimization calculation algorithm 
the end state is driving the optimal upgrade 
selections in the terminal years. This begs the 
question, what is considered the “best” path for 
the next ten years? Note that we do not build 
networks for a fixed period, and they need to keep 
evolving. Therefore, optimizing for a fixed 
duration makes no sense. The optimal solution 
should consider the future impact of the chosen 
upgrade path. This forces us to implement a 
fairness factor in the terminal years, which we will 
discuss in a later paper in the series. 

Now that we identified the reference solution 
using a 15-year analysis horizon, we can bring the 

greedy algorithms back into the picture to find the 
optimal “deployable” strategy.  The upgrade 
decisions made by the different greedy algorithms 
are purely based on node state, node attributes, 
and upgrade options available at the point of 
analysis and do not take future upgrades into 
account. This makes the process easier in the 
sense that a longer analysis period will not 
influence the upgrade choices made by the 
greedy algorithm. However, to compare 
algorithms against the BestNPV reference 
solution the same problem of the value of the end-
state of the network still applies. This issue is 
resolved in the current paper by considering a 15-
year analysis for a 10-year horizon.  

In Figure 7, we use the BestNPV and the BestCost 
solutions as a yardstick to measure the 
effectiveness of the greedy optimization 
algorithm. Note again that the greedy algorithms 
are the deployable solutions. Here are some of the 
observations: 

▪ We did not consider the BestNPV or the 
BestCost as valid deployment strategies as 

Figure 7 Comparing different exhaustive and greedy algorithms for better insights 
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they are node-specific and are considered 
more for identifying a cost reference. 

▪ The Highest Capacity greedy algorithm 
tracks the BestCost solution as the 
algorithm immediately forces to get the 
highest capacity solution with little regard 
to the cost of execution. 

▪ The Lowest Cost per Bit algorithm gives a 
better option than the HC algorithm but 
increases the number of nodes due to 
selecting FDX for some of the non-
business nodes. 

▪ The Lowest Cost per Head Room tracks 
very closely to the BestNPV solutions and 
has the best cost results. 

Conclusions 

The goal of this first paper was to create a better 
understanding of what it means when the leaders 
ask the question What is the best transformation 
strategy for my access network? With the analysis 
shown in this paper, we created insights into what 
can be considered an optimal transformation 
strategy for a given scenario. Here are some of the 
recommendations for the operators to consider: 

▪ Develop a mentality to analyze your long-
term access transformation strategies 

▪ Ask the right questions and evaluate the 
implications of your needs on your 
transformation, and 

▪ Optimize the transformation strategy by 
evaluating and selecting the right upgrade 
strategies 

The AP-Jibe toolset has the features to allow us to 
answer all these questions and more. Look out for 
future papers in this series with the answers !!  

Any questions or thoughts reach out to 
luc@fpinno.com  

References 

[1] Sudheer Dharanikota, Understanding the 
basics of transformation in Telecom, June 
2017, DTS white paper (here) 

[2] Sudheer Dharanikota, Luc Absillis, Mark 
Welsco, Capital and Operational spend aspects 
in Cable Operator 10G evolution, September 
2020, SCTE Journal (here) 

[3] Luc Absillis, A multi-trigger what-if analysis 
approach to network transformation, April 
2020, FPI application note (here) 

[4] Luc Absillis, How to reach 10G systematically? 
August 2010, FPI application note (here) 

[5] Rajesh Abbi, Luc Absillis, Sudheer Dharanikota, 
Brownfield broadband access network 
planning in a rapidly changing environment, 
April 2019, DTS white paper (here) 

[6] Access Planning Jibe (AP-Jibe) – A 
collaborative access transformation toolset, 
FPI (here) 

[7] Tom Cloonan et. al., Simulating the impact of 
QoE on per service group HSD bandwidth 
capacity requirements,  CommScope white 
paper (here) 

mailto:luc@fpinno.com
https://duketechsolutions.com/understanding-the-basics-of-transformation-in-telecom/
https://duketechsolutions.com/capital-and-operational-spend-aspects-in-cable-operator-10g-evolution/
https://www.firstprinciplesinnovations.com/a-multi-trigger-what-if-analysis-approach-to-network-transformation/
https://www.firstprinciplesinnovations.com/how-to-reach-10g-systematically/
https://duketechsolutions.com/brownfield-broadband-access-network-planning/
https://www.firstprinciplesinnovations.com/
https://www.commscope.com/globalassets/digizuite/1648-arris-simulating-impact-qoe-on-service-wp.pdf


Page 15 |  © Duke Tech Solutions, Inc. Proprietary 

 

  

Step By Step Methodology For Optimal Access 
Transformation Planning  
Republished from July 2022 SCTE Journal 

Sudheer Dharanikota (DTS), Luc Absillis (FPI),  

Mario Di Dio (Kyrio) 

What is the problem? Key Takeaways 

With a plethora of technology options available to cable 
operators, the operators should invest in long term 
planning to find an optimal access transformation 
solution. The take aways from this paper includes: 

▪ a six-step process for achieving optimal plans 
▪ motivations to get the 360° views of SOFT  
▪ steps to determine which upgrades path is optimal 

Although, this paper is focused on the financial risk, it is 
important to consider risks and constraints from all 
domains in the SOFT framework where all stakeholders 
in the organization can be onboard. 

Key words: Access planning, optimization, strategy, speed 
tier, finance, operations 

 

Broadband access networks are 
constantly evolving to keep pace with 
subscriber demand, competitive 
pressure, and the requirement of 
launching new services. Building an 
optimal access transformation plan is a 
key factor in an operator's business 
success.  This plan is closely moniroted 
by the leaders from strategy, product, 
engineering, finance and operations. 
How to build such a critical plan 
collaboratively? 

To TOC 
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Executive Summary 

Broadband access networks are constantly 
evolving to keep pace with ever-growing 
subscriber demand, competitive pressure, and the 
requirement of launching new revenue-
generating services. The access transformation 
plan for implementing this evolution drives most 
of the future investments and future operational 
complexity and can be a gating factor for revenue 
opportunities. Building an optimal access 
transformation plan is a key factor in an operator's 
business success.  

Building such a plan is a complex collaborative 
process. This paper introduces a multi-step 
methodology to break down the complexity and 
accommodate the uncertainty of future 
assumptions. It showcases simple examples and 
highlights the decision-making process from a 
financial point of view. We show how different 
business requirements such as product roadmaps 
and budgetary constraints will influence the 
optimal solution to turn into a realistic executable 
solution. However, even though the financial 
implications of the access plan have been 
considered, a similar comprehensive analysis 
needs to be conducted from the operational, 
service, and technological risks points of view. 

Introduction 

Cable operators are going through major access 
network transformations. These are driven by one 
of the following: competitive 
pressures [1]; targeted response, 
fixed wireless confusions [2]; 10G 
evolution goals [3]; or recent wins 
of Rural Digital Opportunity Fund 
(RDOF) funding [4] from the 
government. To address these 
needs operators are considering 
many access technology 
transformation options [5], [6], [7]. 
All these transformation options 
come at an expense from the 
financial, operational, and 
capabilities points of view. We have 
presented many papers on how to 

analyze different access transformation options; 
see, for instance, [8], [9], and [10]. The burning 
question to all operators is which is the right 
transformation strategy? This simple question that 
industry leaders are trying to answer is very 
complex and involved. One key takeaway from all 
the access transformation papers is that building 
an access network transformation strategy is a 
data-driven interactive process that cannot be 
mimicked with a single algorithm. The process 
starts with creating in-depth insights on all 
transformation options through evaluating 
multiple transformation strategies, optimization 
algorithms, and what-if scenarios. Using these 
insights, an informed decision can be made on the 
transformation strategy that best fits the 
corporate goals. Our goal in this paper is to 
provide a comprehensive mechanism on how to 
arrive at such a plan from a financial requirements 
point of view. 

The fundamental questions one needs to ask 
include: 

▪ What are the clearly defined 
transformation goals? 

▪ How do we evaluate and compare the 
transformational plans uniformly? 

▪ How can we be sure that this is the best 
transformation strategy amongst available 
options? 

Figure 1  A typical access transformation goals and scope 
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▪ How do we align the company 
strategy into an optimal solution? 

To understand the financial implications 
of the transformation choices, one needs 
to understand the access transformation 
cycle. This is elaborated in [8], [11]. As 
shown in Figure 1, when performing 
access transformation, one needs to 
consider the strategic, planning, and 
budgeting needs. Typically, strategic 
planning is done with a long-term vision 
in mind over a five- to 10-year horizon. 
While doing such long-range planning 
there will be many risks/unknowns 
(financial, operational, and technical) that 
the team needs to consider. Hence, they 
need to evaluate these through different 
what-if scenarios. The strategic plan 
should result in an executable plan that 
mitigates risks such as financial budget 
limitations, resource availability, etc., by 
establishing limits. Typically, these are 
done over three- to five-year cycles. Such 
an executable plan drives the yearly 
budgetary planning cycles more focused 
on the operational challenges such as market-
level spending, labor, and material challenges.  

As we have emphasized, access transformation 
planning is a multi-dimensional analysis that 
should consider realistic scenarios. In this paper, 
we focus on the financial aspects of such strategic 
planning and show how one can derive an optimal 
transformation strategy. 

High-Level Process 

SOFT Framework 

Before diving into the financial transformation 
optimization, we want to present the other 
aspects of the access transformation plan that 
have implications (as explained in Figure 2) for the 
organization. We call this the services, operations, 
finance, and technology (SOFT) framework. 

Creating an access transformation plan that is 
executable and meets the goals is essential for 
success in this hyper-competitive environment. 

To define what meets the goals, the planning 
team should consider: 

▪ The financial implications include revenue 
through product offerings and deployment 
costs.  

▪ The technological choice implications 
include the risks and capabilities of newer 
technologies and the deployment 
challenges.  

▪ The operational implications include 
operating the networks and managing 
customers; and  

▪ Finally, the service implications include 
keeping the customers happy and 
retaining them while offering next-
generation services. 

For a proper 360° planning, analysis in all four 
dimensions of SOFT is essential. But in this paper, 
we focus on the financial optimality aspects of 
transformation planning. 

Figure 2  Access transformation analysis dimensions 
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Understanding Total Investment 

For any access transformation planning, knowing 
where your access network is now and what your 
target state is at the end of the planning period, as 
shown in Figure 3, is essential. To reach the target 
access network state, cable operators have many 
transformation upgrade options as explained in 
[12] and summarized in Figure 3. All these upgrade 
options cost different amounts and will have 
different investment timings (that is, different net 

present value or NPV of the investment). In some 
cases, the target state can be reached with a 
fundamentally different end-state technology 
option (such as FDX or FTTH). The financial 
decision between these upgrade options can be 
made based on the total NPV or total cost required 
for these upgrade options. There may be many 
viable upgrade paths to reach a target state. From 
the financial point of view, the operator needs to 
consider minimizing the total investment in 
making the right choice. 

An investment difference between two upgrade 
options – option1, and option2 – is the NPV cost 
difference of the upgrade cost overlay – that is, 
NPV (option1) or NPV (option2) – for the operator 
reaching from the current state to the target 
future state. 

For example, as shown in Figure 3, an operator 
who has deployed D3.1 with Node + 5 status on an 
800 MHz plant and a sub-split configuration wants 
to reach a symmetrical 10 Gbps capable solution in 
10 years. The question here is what is the least 
expensive investment option the operator needs 
to take? Let’s say the operator is considering the 
following two upgrade options: 

▪ Option1: Reach N+0 FDX: Upgrade to 1.2 
GHz plant, N+0, and eventually to FDX 

▪ Option2: Reach XGS-PON: Upgrade to 
XGS-PON-based FTTH 

The investment difference in selecting option1 
versus option2 will be NPV (Reach N+0 FDX) – NPV 
(Reach XGS-PON) for the whole operator network 
over the 10 years. 

Our goal in this paper is to determine an optimal 
plan that an operator should use to reach their 
target state. This goes beyond comparing a few 

scenarios. It involves finding the right 
order of upgrades to reach the target 
state with the optimal NPV cost. Note: 
Keep in mind that a financially optimal 
plan may not be an optimally 
executable or operational plan. In this 
paper, we focus only on financial 
optimality.  

Transformation Methodologies 

The key part of building any access transformation 
plan is prioritizing the upgrade options one wants 
to consider. To create an optimal solution, we 
needed to include all possible upgrade options for 
each state of a node. In this paper, we included the 
possibility of different types of upgrades a cable 
operator might consider. These options include: 

Spectrum upgrades:  

▪ Increase the upstream capacity 
through mid-split, high-split, and full-
duplex options 

▪ Increase the downstream capacity by 
adding additional OFDM blocks or 
adding full-duplex blocks (can include 
the increase of the overall plant 
capacity by upgrading to 1.2 GHz or 1.8 
GHz) 

▪ Increase the capability of fiber-to-the-
home from XGSPON to NGPON2 or 
100G PON 

Sub reduction upgrades: 

▪ Reduce the number of subscribers per 
node through node splits 

Figure 3 Access transformation upgrade options to reach a target state 
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▪ Reduce the number of subscribers per 
node through fiber deep options with 
N+0 FDX nodes 

▪ Convert the HFC nodes to fiber-to-the-
home nodes 

One of the low-cost options available for the cable 
operators is managing the spectrum allocation on 
the plant (between the node and the home). As 
shown in Figure 4, the operator can use the shared 
spectrum amongst homes on a node that can be 
effectively used as an upgrade lever3. The first 
spectrum lever is the total available spectrum per 
node. Typically, cable networks have a 
downstream upper-frequency limit of 750 MHz, ~ 
800 MHz, or 1 GHz now. There is a lot of work in 
progress to support 1.2 GHz and 1.8 GHz plants. The 
other option is to carve out the spectrum for 
upstream and downstream usage judiciously. 
Most of the operators are using sub-split (5 MHz 
to 42 MHz) for upstream usage. The future 
upstream spectrum options available for the 
operators now are mid-split (5 MHz to 85 MHz) or 
high split (5 MHz to 204 MHz). These upstream and 
downstream bandwidths are used for carrying 
different DOCSIS technologies, as shown in the 

 
3 The costs of moving from current to future state 
spectrum options are considered in our analysis. 

4 The costs used for all upgrade actions in this 
example are based on the default cost included in 

figure. Note that it is not the intention of this paper 
to go into the details of the spectrum allocation 
logistics, but to demonstrate the available options 
to operators. Note also that concurrent usage of 
the same spectrum in the upstream and 
downstream direction using FDX is not shown in 
the figure. 

Figure 5 shows a graphical representation of all 
the upgrade options considered in the 
transformation plan used for this paper, including 
the above-mentioned spectrum options. The 
analyses used in this paper consider a six-year 
quarterly plan4. The ellipses in the graph represent 
the technology state of a node at a given time. The 
arcs in the graph represent the valid options 
between the technology states. Note that in the 
figure we did not provide the priority of choosing 

the AP-Jibe tool. These costs are averages based 
on extensive industry research by our team.  

Figure 4 Different spectrum allocation options that are available to operators 
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an option, which is also essential to pick the right 
transitional option when more than one future 
technology state can solve the current upgrade 
needs. 

Different Upgrade Strategies 

The upgrades shown in Figure 5 represent the 
cardinality of the possible. An operator can 
manually specify the priorities of the upgrades, for 
example in a tool such as AP-Jibe [13]. This 
provides the best control of the upgrade strategy 
but can be very cumbersome and requires an in-
depth understanding of the option priority impact.  

Exhaustive optimization 

The most apparent optimization criteria for a 
network transformation are the total investment 
cost or the NPV of the total investment cost.  With 
all the possible upgrade paths available in the 
model, it is possible for each node to exhaustively 
calculate all the viable upgrade paths and pick the 
path that offers the least investment (cost or NPV). 

For this paper, we defined two different 
exhaustive criteria to determine what the best 
solution means: 

▪ The lowest NPV: In this exhaustive 
optimization criteria, for every node in 
the network, pick the upgrade path 
that keeps the node compliant with the 
needs and has the lowest total NPV for 
all the upgrade costs incurred during 
the analysis period. 

Greedy versus exhaustive algorithms 

Greedy algorithms: These are the algorithms used 
to select the optimal upgrade option based on the 
selected criteria. The option is selected without 
any knowledge of the future needs. 

Exhaustive algorithms: These algorithms evaluate 
all viable upgrade paths for the full duration of the 
analysis and pick the optimal path based on 
optimization criteria such as minimize total cost. 

 

Greedy versus exhaustive algorithms 

Greedy algorithms: These are the algorithms used 
to select the optimal upgrade option based on the 

Figure 5 Different HFC and FTTH access upgrade options considered in this paper 
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▪ The lowest cost: In this exhaustive 
optimization criteria, for every node in 
the network, pick the upgrade path 
that keeps the node compliant with the 
needs and has the lowest total cost for 
all the upgrades incurred during the 
analysis period. 

The advantage of such brute force optimization or 
exhaustive optimization is that we will find the 
least cost upgrade path at the node level. On the 
other hand, the optimal is for the exact set of 
inputs and evaluation period. As explained in [14], 
calculation of the optimal upgrade path for 10 

years versus looking at the first 10 years of an 
optimal path calculated for 15 years may present 
drastically different results. In addition, the 
solution may provide a different upgrade path at a 
node level and may not be an optimal solution 
from the technology, operations, and service point 
of view.  

Business criteria-based optimization 

As an alternative to the manual upgrade strategy 
or an expensive exhaustive optimization, the 
operator can use different corporate strategies as 
guiding principles to pick the best upgrade paths. 
The following are the three common classes of 
corporate strategies (Refer to Greedy versus 
Exhaustive algorithms sidebar): 

Kick the can down the road: In this strategy, when 
a node needs to be upgraded, the preference is to 
pick the lowest cost option that satisfies the 
upgrade requirements. This is the lowest cost 
greedy optimization algorithm. 

Minimize network upgrade actions (capacity-
based): In this strategy, when a node needs to be 
upgraded, the preference is to pick the viable 
option that provides the most added capacity to 
the node.  That is because, intuitively, upgrade 
options that add the highest capacity will survive 
upgrades the longest. Using this option mitigates 
the risk of unforeseen demand growth increases 
(e.g., the COVID-19 pandemic impact). This is the 
highest capacity greedy optimization algorithm. 

Least cost per capacity: A middle ground strategy 
tries to lower the network upgrade frequency and 
provide some growth risk mitigation without 

always using the biggest upgrade step. This 
upgrade strategy picks the viable upgrade option 
with the least cost per added bit of capacity. This 
is the least cost per bit greedy optimization 
algorithm. 

Recently operators have been focusing more on 
network evolution strategies that combine 
demand growth with Quality of Experience (QoE) 
triggers [15], also referred to as K-factor triggers, 
based on the formula illustrated in Figure 6:  C >= 
Nsub * Tavg + K * Tmax  

K-factor triggers are also commonly used to 
incorporate future speed tier roadmap 
requirements into the access transformation plan. 

Upgrades based on K-factor triggers are driven by 
the available headroom (see Figure 6) on an 
interface or service group rather than the capacity 
available per subscriber on the network. It, 
therefore, makes sense to include alternative 
upgrade strategies that focus on headroom rather 
than capacity: 

C The service group capacity 

Nsub Number of subscribers in a service group 

Tavg Average peak time consumption per sub 

K Access network QoE factor 

Tmax Maximum speed tier offering 

Figure 6  Quality of Experience based capacity allocation 
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Minimize network upgrade actions (headroom-
based): In this strategy, the preference is to pick 
the option that adds the most headroom to a 
node’s interface. The maximum speed tier an 
operator can deploy on an access link is bounded 
by the available headroom. A higher headroom 
strategy is the best hedge against competitive 
threats. This is the highest headroom greedy 
optimization algorithm. 

Least cost per headroom: In this strategy, the 
preference is to pick the option with the least cost 
per added bit of headroom. This is the least cost 
per headroom greedy optimization algorithm. 

If the operator can compare results for these 
strategies side by side, it creates valuable insights 
and allows them to quickly refine your 
transformation plan and pick a strategy that is 
closest to your vision.  

A greedy algorithm by nature considers local 
optimization without considering the future 
implications of the decisions. For this reason, the 
operator may not get the lowest cost solution, but 
it provides alignment with the company strategy 
and more importantly, the upgrade decisions will 
be uniform across the organization. 

Six Steps to Reach an Optimal Plan 

Finally, let's create a process for reaching an 
optimal access network transformation plan 

(Step 1) Define the current and target status 
of the transformation plan: As explained 
before in the paper, a transformation plan 
must be defined with a clear target state. Also, 
it is equally important to get the current state 
of the network as accurate as possible, 
preferably at the node level. The status of the 
node should include the deployed technology, 
homes passed composition information, 
distribution mileage information, and possibly 
the location of the node. It is also essential to 
forecast the bandwidth demand growth as 
accurately as possible. 

(Step 2) Create all the transformation 
requirements: A transformation is driven by 
the transformation requirements or the drivers 

such as the product roadmaps, budgetary 
constraints, technology availability 
assumptions, etc.  

(Step 3) Find the transformation options, 
their costs, and the resource requirements: 
Before running the planning exercise, gather 
details on the upgrade options that are 
available to you in terms of their capabilities, 
costs that will be incurred to make the 
transitions, and the resource requirements to 
make the transitions. 

(Step 4) Apply transformation business 
rules: Apply different transformation business 
rules to your upgrade strategies such as 
market-level strategies to address 
competition, and preferred K-factor values 
while committing to the product offering, etc. 

(Step 5) Run different scenarios with 
different upgrade strategies and optimization 
methodologies: Use the above rules across 
multiple optimization criteria and get node-
level details. Aggregate them and use them to 
compare with the other scenarios. 

(Step 6) Compare the results against the 
evaluation criteria: Compare different 
optimization strategies, discuss amongst the 
leaders, and decide what makes sense for your 
company goals. 

We elaborate on this process with the help of the 
examples in the following sections. 

Developing Optimal Solution 

Before performing the optimal transformation 
planning, the operator needs to collect the 
following high-level strategic information:  

▪ The current network status at least at a 
node level;  

▪ The competition such as their network 
status, upgrade options, etc.; and 

▪ The target state goals. 

In the following subsection, we provide a couple 
of examples that we use in this paper to 



Page 23 |  © Duke Tech solutions, Inc. Proprietary 

demonstrate optimal transformation planning. 
Even though we could consider enterprise-level 
planning, we considered a single market in each 
case to go deeper into the analysis. In a real 
operator’s analysis, multiple such markets with 
potentially differing strategies may be applied. 

Example 1: Meet the Rural Competition  

A cable operator that is serving a rural market with 
some fiber overbuilder competition is assessing its 
transformation strategy. Here is some information 
that we would consider in this example. Note that 
this section covers Steps 1 – 4 of the optimal 
transformation planning process. Also note that 
we do not go into the details of the cost and 
resources needs as highlighted in Step 3, as it is 
out of the scope of the paper.  

▪ The market statistics:  

o Homes: ~150K (SFU 65%, MDU 22%, 
businesses 13%) 

o Subscribers: ~120K (~50K DOCSIS 
3.1, ~70K DOCSIS 3.0) 

o Network status: 800 MHz plant 

o Node spectrum configuration:  

▪ Downstream DOCSIS 3.0 – 
32 QAM, DOCSIS 3.1 - 1x192 
MHz OFDM, video - 40 QAM 
channels 

▪ Upstream – Sub-split (up to 
42 MHz) 

▪ The competition for this operator is mostly 
the local fiber overbuilders who are 
deploying FTTH 

▪ The operator’s goals include:  

o Compete with FTTH by offering 1/1 
Gbps by 2026 and meet the new 
broadband definition 

o Accomplish these offerings with 
the least cost to reach the target 
state 

▪ The customer demand growth assumed for 
this market is  

o SFU and MDU heavy nodes 
upstream 30%, downstream 35% 

o Business heavy nodes upstream 
32%, downstream 42% 

▪ The planned top-tier product roadmap is 
shown in the table 

Year Downstream BW Upstream BW 

2022 1 Gbps 35 Mbps 

2023 1 Gbps 100 Mbps 

2024 1 Gbps 500 Mbps 

2026 1 Gbps 1 Gbps 

Figure 7  Example 1 organic demand growth based access upgrade analysis 
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▪ The operator budgetary constraints are not 
considered in this example 

▪ Upgrade options  

o In an 800 MHz plant, any upgrade to 
more than one block of 192 MHz 
OFDM is not possible 

o When an upgrade of the plant is 
needed the operator chooses to 
jump to 1.2 GHz with high-split  

Scenario Optimization Analysis 

After completing Steps 1– 4, the operator needs to 
use a planning tool, such as AP-Jibe [13] as a next 
step (Step 5) to get a sense of the organic network 
evolution needs. Typically, the organic network 
evolution is driven by the customer demand 
growth profiles. For this example, the operator 
may identify the market technology transitions as 
shown in Figure 5. 

As part of Step 5, we also recommend for the 
operator to include business requirements such as 

Figure 9 Example 1 business constraints with the organic growth based access upgrade analysis 

Figure 8 Comparison of exhaustive and business criteria based optimal solutions for example 1 
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the product needs, budgetary constraints (not 
included in this example), etc. This gives the 
operator a real picture of the node upgrades, as 
shown in Figure 7. Note that the product needs in 
the upstream direction are triggering mid-split 
and high-split faster (as shown in Figure 7) than 
the organic growth as shown in Figure 8. This is the 
time an operator should reconsider any changes 
to the business requirements.  

Once the baseline upgrade plan is created, it is 
time to find an optimal solution that meets the 
business goals. Refer to [14] for a detailed 
discussion on the optimization options. As shown 
in Figure 9 an operator can compare these options 
side by side to understand the implications. The 
basic roadmap gives the non-optimal solution. 
The best NPV provides the exhaustive 
optimization of the upgrade strategy without 
looking into the business strategies, whereas the 
next three provide different business strategies 

Figure 10 Demonstration of a bias created by the exhaustive analysis with bounded endpoint 

Figure 11 Example 1 optimized access transformation plan that meets the roadmap constraints 
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based on optimization. In Figure 9 the business 
strategies included in the comparison are: 
Minimize network upgrade actions 
(Greenville_Roadmap_HC); Kick the can down the 
road (Greenville_Roadmap_HC); and Least cost 
per capacity (Greenville_Roadmap_LCB). A quick 
comparison shows that not doing the optimality 
analysis will have an investment difference of $2 
M ($33 M - $31 M). The highest capacity option (HC) 
will have a $59 M ($90 M - $31 M) investment 
difference. The lowest cost option (LC) will on the 
other hand still have an investment difference of 
$2 M ($33 M - $31 M) but will have a significant 
overall cost of $44 M. Making such side by side 

comparison gives the leaders the financial impact 
of their choices or not making such an analysis. 

Note that the network upgrades do not stop after 
the six years of the analysis that we are performing 
in this example. Hence, conducting a six-year 
optimal analysis is going to create a bias towards 
low-cost options at the end of the analysis period. 
To avoid such bias, we recommend analyzing 
longer periods, such as 10 years for six years, and 
picking the first six years, as shown in Figure 10. 
Also, note that a low-cost example does not 
always mean an executable plan. In this paper, we 
focused only on the financial dimension, but not 

Figure 12 Example 2 organic demand growth based access upgrade analysis 

Figure 13 Comparison of exhaustive and business criteria based optimal solutions for example 2 
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the other dimensions such as operations to 
analyze the 360° optimal solutions.  

All these insights can be used to recommend an 
upgrade strategy to the leadership team, as 
shown in Figure 11. The recommendation includes 
the insight from the best NPV solution to forgo the 
upgrade to mid-split in the early years to realize 
the cost and NPV benefit. In the later years, the 
recommendation is to diverge from the best NPV 
solution to favor future safeness by selecting 
upgrades to D4.0 over node split actions to fulfill 
the upgrade requirements. 

Example 2: Targeted Deployment to Meet 
Aggressive Competition   

A cable operator that is serving an extremely 
competitive urban market is assessing its 
transformation strategy. Here is some information 
that we would consider in this example. Note that 
this section covers Steps 1 – 4 of the optimal 
transformation planning process. Also note that 
we do not go into the details of the cost and 
resources needs as highlighted in Step 3, as it is 
out of the scope of the paper. 

▪ The market statistics:  

o Homes: ~502K (SFU 65%, MDU 18%, 
businesses 17%) 

o Subscribers: ~251K (~201K DOCSIS 
3.1, ~50K DOCSIS 3.0) 

o Network status: Recently upgraded 
to 1 GHz plant 

o Node spectrum configuration: 

▪ Downstream DOCSIS 3.0 – 
32 QAM, DOCSIS 3.1 1 x 
192Mhz OFDM with 40 QAM 
channels for video 

▪ Upstream – Sub-split (up to 
42 MHz) 

▪ The competitors for this operator are the 

telcos and the fiber overbuilders who are 
aggressively deploying FTTH and pushing 
symmetrical speeds. Their opportunities 
include gaining new customers with 
targeted better products and retaining 
their existing customer base. 

▪ The operator’s goals include:  

o Compete with FTTH by offering 5/2 
Gbps by 2026 and meet the new 
broadband definition 

o Accomplish this with the least cost 
to reach the target state but also be 

Year Downstream 
BW 

Upstream BW 

2022 1 Gbps 100 Mbps 

2023 1 Gbps 500 Mbps 

2024 1 Gbps 1 Gbps 

2026 5 Gbps 2 Gbps 

Figure 14 Example 2 roadmap constraints with the organic growth based access upgrade analysis 
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able to offer the best future-safe 
products 

▪ The customer demand growth assumed for 
this market is  

o SFU and MDU heavy nodes 
upstream 30%, downstream 40% 

o Business heavy nodes upstream 
32%, downstream 42% 

▪ The planned top tier product roadmap is 
shown in the table  

▪ The operator’s budgetary constraints 
include: 75M in 2022 with a 5% incremental 
budget per year 

▪ Upgrade options – all options in Figure 5 
are being considered 

Scenario Optimization Analysis 

Note: We have repeated some of the explanations 
that we used in Example 1 in this example also for 
the sake of clarity. We suggest the readers pay 
attention to the subtle differences. 

After completing Steps 1– 4, the operator needs to 
use a planning tool, such as AP-Jibe [13], as a next 
step (Step 5) to get a sense of the organic network 
evolution needs.  Typically, the organic network 
evolution is driven by the customer demand 
growth profiles. For this example, the operator 
may identify the market technology transitions as 
shown in Figure 12. 

As part of Step 5, we also recommend for the 
operator include business requirements such as 
product needs, budgetary constraints, etc. This 
gives the operator a real picture of the node 
upgrades, as shown in Figure 12. Note that the 
product needs in the upstream direction are 
triggering the mid-split, high-spit, and major 
transition to FDX when 5G symmetrical (as shown 
in Figure 13) is introduced rather than the organic 
growth as shown in Figure 12. This is the time an 
operator should reconsider any changes to the 
business requirements.  

Once the baseline upgrade plan is created, it is 
time to find an optimal solution that meets the 
business goals. Refer to [14] for a detailed 
discussion on the optimization options. As shown 

Figure 15 Comparing SOFT parameters before committing to the final plan is essential 
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in Figure 14 the operator can compare these 
options side by side to understand the 
implications. The basic roadmap gives the non-
optimal solution. The best NPV provides the 
exhaustive optimization of the upgrade strategy 
without looking into the business strategies, 
whereas the next three provide different business 
strategies based on optimization. In Figure 14 the 
business strategies included in the comparison 
are: Minimize network upgrade actions  
(RTP_Roadmap_HC); Kick the can down the road 
(RTP_Roadmap_HC); and Least cost per capacity 
(RTP_Roadmap_LCB). A quick comparison shows 
that not doing the optimality analysis will have a 
significant investment difference of $317 M ($485 
M - $168 M). The highest capacity option (HC) will 
have a $17 M ($185 M - $168 M) investment 
difference but will have a lower overall cost of 
$190 M. The lowest cost option (LC) will on the 
other hand still have an investment difference of 

$5 M ($173 M - $ 168 M) but will have a significant 
overall cost of $243 M. Making such side by side 
comparison gives the leaders the financial impact 
of their choices or of not making such an analysis. 

Before committing to a plan, we recommend the 
operator performs a 360° view on the drivers of all 
the SOFT parameters such as costs, resources, etc. 
For example, as shown in Figure 15, it is clear that 
upgrading the full market to FTTH in one period 
will run into budget and resource issues. To 
mitigate the financial risk, realistic yearly budget 
caps for the market can be overlayed on the 
solution. Such budgetary restrictions to spread 
the activities, as shown in Figure 16, even though 
more realistic to implement, will delay node 
upgrades that can cause issues with compliance 
(due to roadmap requirements) or even with the 
health of the node (due to congestion). This forces 
the operator to debate the priorities of the nodes 

Figure 16 Impact of budgetary constraints on activities, resources, construction and cost 
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to determine which nodes can be delayed in the 
upgrades, as shown in Figure 17. At the end of this 
optimal prioritization exercise, the operator needs 
to determine a more realistic executable 
transformation option.  

Conclusions and recommendations 

With a plethora of technology options available to 
cable operators, it is no surprise that many 
upgrade paths can be found that fulfill their future 
service (target state) requirements. However, as 
seen from the simple examples in this paper, the 
cost of the solutions can be vastly different. 
Therefore putting in the effort to find an optimal 
solution is an absolute must.  

Building the optimal access transformation 
solution is a six-step process but is not a simple 
calculation, as demonstrated in this paper. The key 
to the process of creating an optimal solution is 
generating detailed insights to get the 360° views 
of SOFT implications (only financial implications 
are considered in this paper) due to the upgrades. 
Finding the details of the upgrade options is only 

part of the problem. The next step is to determine 
which of these upgrades is optimal. 

From a financial perspective, the most important 
insight comes from the calculation of the 
mathematically optimal path. However, it does 
not provide the complete picture and should 
always be complemented by an in-depth analysis 
of business criteria upgrade strategy, as shown in 
this paper.  

The optimal solution created from a financial 
perspective is not the end of the road. As shown 
in the second example, overlaying the plan with 
realistic financial constraints is a necessary first 
step toward an implementable solution.  

Lastly, it is important to consider risks and 
constraints from all domains in the SOFT 
framework to refine the plan to a point where all 
stakeholders in the organization can be onboard.  

Figure 17 Node compliance and node health when budgetary constraints are applied 
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Aging in Place and Telehealth Use Cases from the Cable 
Operator Perspective 
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Clarke Stevens (Shaw), Sudheer Dharanikota (DTS) 

What is the problem? Key Takeaways 

These use cases provide insight into how common cable 
operator infrastructures might be leveraged to provide a 
common home wellness care service that is flexible 
enough to support a range of use cases from assistive 
services to the management of complex hospital-at-
home healthcare services. Cable operators can leverage 
their existing competencies in providing network 
services, installation, managing monthly subscriptions, 
monitoring systems, analyzing data, and providing 
customer service to make a legitimate case for operating 
home wellness services.  

Key words: Telecom for Wellness, Aging in Place, Telehealth, 
Hospital At Home, Independent Living 

The COVID-19 pandemic has required 
people to discover new ways to do 
things from home over a home 
network. One area where this has 
become obvious is wellness. Cable 
operators are well-positioned to 
provide these services. They can 
extend their traditional offerings of 
bandwidth and television service to 
include aging in place (AIP), telehealth, 
How can operators offer such services 
with their existing infrastructure and 
what do they need to build? 

To TOC 
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Introduction 

The COVID-19 pandemic has required people to 
discover new ways to do things from home over a 
home network. One area where this has become 
obvious is wellness. While many healthcare 
providers have scrambled to provide remote 
visits, this only solved part of the problem. What 
people need is a support infrastructure at home 
that gives wellness providers the information they 
need as well as the ability to provide remote 
assistance. This requires a secure and reliable 
home network with connected devices to do the 
observing and controlling. Additionally, 
connected services beyond the home are needed 
to log measurements, connect families and 
wellness providers, and provide notification of 
significant events. 

Cable operators are well-positioned to provide 
these services. They can extend their traditional 
offerings of bandwidth and television service to 
include aging in place (AIP), telehealth, in-home 
care, and safer alternatives to surgery. This can 
unleash many inter-industry, revenue-generating 
opportunities in healthcare by linking healthcare 
devices, families, and wellness providers into a 
coordinated health community. In-home care 
solutions over 10G, highly available access 
networks can both improve the wellness 
experience and provide new cable operator 
revenue streams while fully satisfying stringent 
HIPAA data security and privacy requirements. 
The operators already have the core technology 
and the consumer relationships to naturally 
provide this type of solution. 

This paper will explore use cases in this space and 
point out the key areas where cable operators can 
provide a collaborative in-home wellness solution, 
introducing several use cases that SCTE standards 
working groups are considering from the aging in 
place [11] and Telehealth spaces in the wellness 
industry, and considers use cases common to both 
areas such as connectivity and analytics 
infrastructure, as well as use cases specific to AIP 
and telehealth. 

The Opportunity 

US Healthcare costs are increasing at 5.4% year 
over year and are estimated to reach $5.5 trillion 
by 2026 [1]. The US healthcare industry is huge, 
and policymakers have been concerned about its 
growth relative to total GDP. The criticism is 
sometimes characterized by the idea that the US 
healthcare system is a sick-care system and that 
boundaries must be broadened to effect positive 
change in national healthcare. Wellness and social 
determinants of health are important items for 
discussion within the healthcare industry. This 
represents an interesting opportunity for cable 
operators with a strong residential franchise 
presence. 

The healthcare industry has been modernizing its 
infrastructure intending to control costs and 
improve the quality of care. Telehealth is one such 
mechanism that has been gaining adoption. 
Telehealth played a critical role in virtualizing care 
during the COVID pandemic. Telehealth has been 
growing at a yearly rate of ~15% with 2020 seeing 
a 175x increase in Telehealth adoption mainly due 
to COVID-19 [2]. This telehealth infusion is driven 
by the increased patient and provider adoption, 
better reimbursements, and relaxed regulations. 
Although adoption may slow during COVID case 
decreases, Telehealth benefits are recognized and 
are here to stay. Telehealth is not just video 
communications, but it also touches on different 
technological solutions that cable operators have 
mastered and been deploying. Healthcare has 
lagged most industries regarding the virtualization 
of services. Consider how the retail, finance, and 
entertainment industries have been transformed 
by digital technology over the last decade. The 
potential disruption to healthcare is inevitable. 
The cable industry not only brings technology and 
service management but also leadership in 
building standards-based platforms that can 
deliver critical cost reductions required to assist 
the healthcare industry. 

The Center for Medicare and Medicaid Services 
(CMS) projects up to $5.5T in healthcare spending 
in 2026. Duke Tech Solutions (DTS) projects of the 
total spend, of $3T can be optimally addressed by 
virtualizing the care models with telehealth and 
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better connecting the existing wellness and 
housing sectors to the healthcare industry [3]. 
$1.3T of this total spend can be addressed and 
reduced by Telecom operators. In this report, we 
demonstrate some of the needs that Cable 
operators can support using their developing 
capabilities such as in-home technologies, IoT, 
broadband communication enhancements, 
consumer service development, platform 
standardization expertise, back-office 
capabilities, and installation and support 
resources. 

DTS has analyzed different services which are 
driving healthcare costs that can be addressed by 
Telehealth initiatives [3]. These services include 
perpetual wellness, aging in place (AIP), 
communication-enabled medical encounters 
(CEME), virtual pharmacy, hospital 
at home (HAH), and remote 
specialty services. A very 
conservative analysis of these six 
segments shows in the figure below 
that a US telecom operator can 
recognize ~$27 billion per year. 

 

Figure 1 A Conservative Estimation of US 
Telecom for Wellness Opportunity from DTS 
[3] 

In this paper, we will concentrate on three use 
cases, Aging-in-Place, CEME for independent 
living, and Hospital-at-Home. Each of the use 
cases considered is analyzed from the Wellness 
stakeholders’ point of view with a clear definition 

of the problem, how stakeholders interact with 
each other, how and what to sell to the 
stakeholders, what is involved in the solutions, 
what are the opportunities for the stakeholders, 
and what are the opportunities for the Cable 
operators. 

All these opportunities are analyzed against the 
framework provided by DTEF (A DTS Telehealth 
Environment Framework) [3], [4], as shown in Figure 

2. The cable operator can use this framework to 
realize their telecom for healthcare (T4H) 
solutions. The DTEF framework includes 
telehealth patient/consumer home components, 
the telehealth sensor network infrastructure, and 
the telehealth hosting back-office infrastructure. 

Figure 2 Duke Tech Solutions Telehealth Environment 
Framework (DTEF) 

COVID-19 has accelerated the rollout of telehealth 
from an experimental new service to a necessity. 
It has uncovered a powerful new wellness delivery 
model that could fundamentally change the cost 
structure of the entire wellness industry. Because 
of this, the transition to a virtualized Wellness 
service model is at the top of the Wellness 
strategy stack. We believe the wellness industry 
transformation goals can be addressed by the 
cable operators, making this inter-industry 
collaboration a success. As mentioned previously, 
it has the potential to mold into a $1.3 trillion 
opportunity for US telecom operators by 2026 [3]. 
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Telehealth Concepts 

There is too much confusion on the Tele-X 
terminology [5]. The US Department of Health and 
Human Services (HHS) [6] defines telehealth as 
“the use of electronic information and 
Telecommunications technology to support and 
promote long-distance clinical health care, 
patient and professional health-related education, 
and public health and health administration”. 

 

Figure 3 Untangling the Tele-X Terminology [5] 

Because universal definitions for virtual care have 
yet to be established, the Federal 
Communications Commission (FCC) uses different 
terms and definitions for the Tele-X space than 
HHS [7]. Thus, it is imperative to acknowledge that 
the industry has yet to land on universal 
definitions around virtual care. In this report, we 
use the definitions presented in the above figure 
(per DTS blog at [5]) to discuss opportunities for 
Telecoms across various Telehealth services. 

The Stakeholders 

Every patient ages uniquely and has unique needs. 
The solution for effectively addressing the needs 
of patients will need to be tailored to those needs. 
However, there is a sort of continuum of aging that 
is common. A patient moves from a position of 
relative independence toward more dependence 
on a team of supporting stakeholders. 

The patient is the focus of this support. 
Stakeholders in the process of caring for the 
patient include a community of family and friends 
such as the patient advocate/power of attorney 
(POA) and neighbors, and a collection of 
caregivers including primary care doctors, medical 

specialists, nurses, therapists, personal care 
assistants, housekeepers, meal providers, etc. 
There are also insurance companies, Medicare, 
and other payors. Many patients want to remain in 
their own homes with relative autonomy for as 
long as possible. Covid has pushed the limits of 
some of these ideas. Technology has 
demonstrated that telecommunications, 
networking, and automation can fill in gaps that 
previously required manual or higher-level 

assistance. Technology solutions can 
be more convenient, more effective, 

and less expensive. This is an opportunity 
for cable operators. Refer to the 
detailed business cases conducted 
by our team for additional details [8], 
[9]. 

Patient or User: The primary 
stakeholder is the patient. Proper 

care of the patient is the primary goal. Proper care 
includes providing that care in compliance with 
the patient’s preferences as far as possible. The 
stakeholders must have a common plan of care. 
They must be able to communicate that plan and 
execute it effectively. Clear means of measuring 
the effectiveness of the care and communicating 
that information with all the stakeholders is key. 

Community: Perhaps the most important group of 
stakeholders in the patient's circle are their friends 
and family. These are the people with the most 
direct and personal relationships with the patient. 
In many cases, they are responsible for making 
decisions about the patient’s care. They should be 
notified of significant events and be in regular 
communication with the patient and other 
caregivers. 

Caregiver: Caregivers include those responsible 
for providing patient care. Caregivers include 
physicians, nurses, therapists, specialists, and 
other healthcare providers, but also include 
cleaning services, personal hygiene providers, and 
meal providers. They will interact with the patient 
on a scheduled or routine basis but may also be 
required to respond to emergency needs. Also, it 
is important to note that the location of the 
service could be at home, an independent living 
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facility, or an assisted living facility. Providing the 
continuum of care for a given user throughout 
their transitions is very rewarding and increases 
the stickiness of the user. 

Payor or Insurance: Except for the patient’s 
community of family and friends, most 
stakeholders will need to be paid. Depending on 
circumstances, this can include personal funds, 
insurance coverage, and government resources. 
This stakeholder service can be highly automated 
to simplify interactions and ensure that caregivers 
and service providers are promptly compensated 
while the patient and their designated care 
advocate(s) clearly understand the process, costs, 
and expected benefits. 

Infrastructure 

Infrastructure is the most important aspect of a 
remotely-delivered integrated wellness care 
system. This is what ties all the component pieces 
together. At the most basic level, this includes 
installing sensors, actuators, and monitoring 
equipment. At the higher levels, it involves 
keeping track of all the stakeholders, providing 
them with the information they need, and 
providing the tools so they can act on that 
information. 

Wellness-related infrastructure: Wellness 
infrastructure is the glue that alerts families and 
caregivers when the patient needs attention. It 
communicates when care is rendered so the 
insurance company can pay for the service. It 
reminds the patient to take medications and 
schedules visits. This would be a new area for 
Cable operators, so it may make sense to partner 
with or acquire a company that has expertise in 
this area already. 

Technical: Technical infrastructure is where the 
cable operators have an incumbent 
advantage. Providing networking to 
the home is a core competency. 
Connecting in-home devices (such 
as WiFi infrastructure, sensor 
devices, television, and other 
equipment) inside the home is also routine for 
cable operators. Extending the connectivity to 

networked health and monitoring devices is 
certainly within current skill sets. Setting these 
monitoring systems up may require wellness care 
partnerships or additional training. There will be 
additional security regulatory requirements for 
the type of traffic transported. There may be an 
opportunity to provide monitoring, data 
collection, and data analytics services on behalf of 
the wellness care stakeholders. 

Use Cases 

Use cases in wellness care are as unique as the 
patients themselves, so flexibility is very 
important. However, there are some key 
categories of service that are common across 
most use cases. This paper examines three use 
cases that cover the spectrum from simple 
assistance for daily living to acute hospital care 
from home. 

Aging in Place 

Aging in place involves passive monitoring with 
selective assistance for daily tasks. The best Aging 
in Place technologies does little or nothing to 
disrupt a patient’s normal activities. For example, 
a connected pillbox can report which medications 
a patient takes and when. Falls can be detected by 
a watch or other item that is worn or detected 
passively by a floor-mounted impact sensor. The 
point is to provide technical tools and assistance 
to help the patient do simply what might 
otherwise be difficult. 

The table below maps several services that might 
be required for a patient aging-in-place mapped 
against the various stakeholders who might be 
involved in delivering that service. 

Table 1 Aging-in-Place Services 

Service Community Caregiver Payor Infrastructure 
Connectivity H L L M 
Installation M L N/A M 
Communication M M L M 
Monitoring M L N/A M 
Analytics L L L L 
Cable operator opportunity: (L)ow, (M)edium, (H)igh, (N/A) not applicable 
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The in-home architecture illustrated in Figure 2 
outlines an infrastructure that can provide 
these services. The data network in the 
home connects all the relevant devices. It 
also allows for remote communication with 
the patient’s community and healthcare 
providers. Information from the sensors can 
be logged and analyzed and can be shared 
during remote visits. All this information travels 
over the network protected by the highest 
reasonable levels of data and transport security. 
The status of each connected device can be 
monitored with deviations from expected norms 
reported. Defective equipment can be not only 
detected but proactively determined for 
immediate service or replacement. 

To be sure, the data collected has HIPAA security 
and privacy implications for it to be carefully 
secured and managed throughout its lifetime. It is 
expected that the health infrastructure provider 
will manage this, and the physical security of the 
network will be the responsibility of the technical 
service provider. The ultimate success of the 
system will be indicated by positive health 
outcomes at a lower total capital and operational 
cost than current alternatives. With lower costs 
and improved patient outcomes, this system can 
be attractive to all stakeholders. 

Independent Living 

The next level of use case is independent living 
[10]. In this circumstance, patients are not able to 
do some daily living activities without assistance. 
Patients may have mobility issues around the 
home, or they may have cognitive impairments 
that require personal assistance. It may be 
important to have professional home 
visits scheduled and audio or other 
reminders provided. Physical access to 
the home may need to be controlled 
through a video camera interface and 
verified credentials. Automated locks can 
secure the home but allow access for 
verified visitors. The table below 
illustrates some of the differences between aging-
in-place and independent living patients.  

Table 2 Independent Living Services 

Some of the stakeholder roles may be different, 
but they fall into the same general categories. 
Independent living still requires connectivity, 
infrastructure, and security. While aging-in-place 
can get away with mostly passive monitoring, 
assisted living use cases may require more direct 
monitoring. This might include blood, urine, and 
other samples that may need to be performed by 
a professional with data collection, storage, and 
analysis capabilities by the envisioned system. 

Hospital at Home 

At the end of the spectrum is the hospital-at-
home use case. In this instance, acute care is 
needed. The patient may be bedridden or 
otherwise be mobility limited. Maybe complicated 
procedures need to be regularly performed. If 
constant in-person professional monitoring is not 
required, though, the patient will often prefer in-
home care where they can be in familiar 
surroundings and with family more frequently. 
This alternative when possible also drastically 
reduces the provider costs. Assistance with meal 
preparation and personal hygiene may be 
required. The table below shows how hospital-at-
home services differ from aging-in-place or 
independent living use cases. 

Table 3 Hospital-at-Home Services 

Again, the technical infrastructure is the same. 
Just the level of service is increased. 

Service Community Caregiver Payor Infrastructure 

Connectivity H L L M 

Installation H M N/A H 

Communication H M L H 

Monitoring M M N/A M 

Analytics M L L M 

Cable operator opportunity: (L)ow, (M)edium, (H)igh, (N/A) not applicable 

Service Community Caregiver Payor Infrastructure 

Connectivity H L L H 

Installation H H N/A H 

Communication H H M H 

Monitoring H H N/A H 

Analytics H H M H 

Cable operator opportunity: (L)ow, (M)edium, (H)igh, (N/A) not applicable 
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Services 

Now let’s look in a little more detail at the 
technical service categories required by patients 
in these various use cases. 

Secure Connectivity: At the most basic level, any 
sort of in-home care requires a secure, reliable 
network. This is already the core service that cable 
operators provide to homes. What is new is the 
extension of networking to devices within the 
home. In general, this has been the responsibility 
of the homeowner. Any device being managed 
within the home will have to be verified to work on 
the network and the security of the data traveling 
or at rest while under the control of the operator 
will need to be guaranteed. A service level 
agreement (SLA) for network availability and 
quality as well as a detailed HIPAA conformance 
test will likely be required. Secure connectivity is 
also required by the other stakeholders on the 
business side. Depending on the markets 
addressed by the cable operators, there may be 
connectivity opportunities here as well. 

Accessible Communications: Beyond the basic 
network, applications will be required for 
communication. This will include video 
conferencing to communicate with the 
community and with caregivers. During Covid, 
many people became quite familiar with this 
technology, but older patients will likely need 
drop/moisture-proof and cleanable equipment 
design, simpler user interfaces, and pre-populated 
call lists. Patients may find it easier and more 
convenient to do video conferencing on the 
television from their couch. 

Communications will also need to extend beyond 
video conferencing. During medical visits, it may 
be important to share output from devices like 
networked blood pressure cuffs or pulse 
oximeters. This information becomes even more 
useful if it has been logged over time with 
significant readings/events highlighted and 
commented on. A video conference may be 
initiated by sensors noting events that need to be 
evaluated by medical professionals. 

An important part of this communication network 
is the notification infrastructure. In certain cases, a 
caregiver, doctor, or nurse may need to be notified 
that conditions have exceeded a certain 
threshold. Other less critical circumstances (like a 
change of routine or elapsed time since the 
bathroom was used or the refrigerator door 
opened) might trigger an alert to a family member 
who may discuss the change with the patient. A 
complex set of rules for guiding who gets notified 
and when information is collected becomes a 
feature that sets home care apart from more 
traditional medicine. Monitoring, informing and 
control happen automatically and immediately so 
nobody needs to remember anything, and events 
are logged for analysis. This information collection 
is generally inexpensive or even free, decreasing 
the cost for everyone while improving the level of 
patient care. 

Monitoring: Connecting equipment to a secure 
network enables remote monitoring. On a basic 
level, this can be door and motion sensors that 
record when the patient uses the bathroom. Other 
instruments may monitor sleep conditions or 
measure parameters from more involved medical 
instruments. Authorized caregivers or family 
might be alerted to a fall or failure to take 
medications. Equipment can notify technicians if 
it fails calibration or needs service. Alerts can be 
generated if the equipment becomes 
disconnected and fails to call in on a specified 
schedule. Data can be securely logged so the 
circumstances of any event can be placed in 
context even after it occurs. 

Analytics: Collecting accurate time-stamped data 
is critically important, but often isolated data 
yields little insight. Predictive and proactive 
analytics must take information from all sources, 
look at it in context and extract the important 
information. Big data analytics techniques can 
evaluate massive amounts of unstructured data 
and determine correlations that might be 
impossible for humans to discover. More 
information with better insights obtained more 
immediately at a lower cost means more efficient 
healthcare and better care for the patient. 
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Cable Operator Solutions 

This section examines how this business might 
make sense for cable operators. Covid forced 
many people to utilize remote healthcare much 
sooner than they might have done otherwise. 
While remote doctor appointments are just one 
feature of home health care, they introduced 
people to the concept. 

Integration: From the start of the cable industry, 
cable providers have been involved in integrating 
and packaging services for simpler consumer 
consumption. Cable providers collect content 
from several services and sell it as a single service 
to consumers. The idea of aggregating wellness 
services from several stakeholders into a single 
home service is a natural evolution. The networks 
that connect stakeholders are provided by cable 
operators with billing, operations, installation, 
management, customer service, and other cable 
skills critical for a successful home wellness care 
service. 

Connectivity Provider: Connectivity is a primary 
cable product. Cable operators are premium 
providers of networking services for consumers 
and businesses. A secure network is a basic 
infrastructure required for any home wellness care 
service. Customers already trust this service and 
are comfortable paying for it every month. 
Regardless of who provides home healthcare, 
there is a good chance based on home service 
penetrations that cable networks under that 
service. It is not much of a stretch to think that 
cable operators can create a viable and secure 
home healthcare service. 

Installation Services: Cable operators have fleets 
of service vehicles and trained installers who 
regularly install equipment in customer homes. 
There are few industries more capable of installing 
networked residential devices. Given the HIPAA 
requirements, additional training and certification 
will be required for technicians with this 
responsibility, but several business models could 
be used to manage qualified technicians. 

Monitoring Services: Monitoring equipment is 
necessary to keep the network running optimally. 

Remote monitoring is required to do this at scale. 
For cable operators, this is business as usual. 
Extending this service to wellness equipment in 
the home will require expansion, but it is 
expanding an existing service rather than 
introducing a new one. Data collected from 
equipment can be used to diagnose both 
individual hardware devices and the network in 
general. A wellness portfolio would require many 
more data models, increased storage capacity, 
and an improved analytics capability. 

Analytics: Analytics involves making sense of data. 
The cable industry has tremendous storage and 
computational resources capable of performing 
these complex analytics. Where cable companies 
don’t own the technical and human resources 
outright, they can get these services through 
many cloud service providers. 

Conclusions 

These use cases provide some insight into how 
common cable operator infrastructures might be 
leveraged to provide a common home wellness 
care service that is flexible enough to support a 
range of use cases from assistive services to the 
management of complex hospital-at-home 
healthcare services. Cable operators can leverage 
their existing competencies in providing network 
services, installation, managing monthly 
subscriptions, monitoring systems, analyzing 
data, and providing customer service to make a 
legitimate case for operating home healthcare 
services like aging-in-place, independent living, 
and hospital-at-home. Business conditions, and 
especially the presence of standards to drive the 
industry to common and cost-effective solutions, 
will determine whether Cable operators could 
more successfully offer these services by building 
their services, partnering with companies in this 
space, or acquisitions. As pricing pressures move 
basic networking services towards 
commoditization, Cable operators need to 
evaluate new business opportunities that 
maintain and increase profit margins. Home 
healthcare services offer a promising opportunity. 
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What is the problem? Key Takeaways 

▪ Customer Premises needs are evolving 

▪ Many new IoT applications are being introduced 

▪ Cable Operators are right in the middle of this 

▪ They need to develop a standard framework for 
the next-generation wiring closet 

▪ We highlight some of key needs and 
requirements for such a framework 

  

Key words: Customer Premises, IoT, Wiring Closet, 
Requirements, SCTE 

Premises networks are changing 
rapidly with the introduction of new 
IoT applications and services.  Cable 
Operators need to evolve the 
traditional “wiring closet” that was 
designed for legacy services. 

What are the new needs and 
requirements for the wiring closet of 
the future? 
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Executive Summary 

Customer premises networks have been evolving 
since the early days of POTS (Plain Old Telephone 
Service). The introduction of new services like 
Cable TV, Broadband, and later VoIP, has driven 
numerous changes in the premises networking 
requirements. It is therefore no surprise that with 
the emergence of a vast array of new Internet of 
Things (IoT) applications and other revenue-
generating applications, the premises networking 
requirements will change yet again. Also, with the 
advent of these new service offerings such as 
Telecom for Wellness (T4W) [3], [4], [5] and Smart 
Cities [12] applications, even the definition of the 
term “customer premises” itself needs to be 
realigned.  

To better understand these changes in the 
customer premises networks - as well as plan for 
them in advance - the SCTE has launched a new 
initiative under its IoT Working Group called the 
Wiring Closet Drafting Group (WCDG) [13]. This is a 
cross-functional team comprising members from 
the IoT, Smart Cities, Telehealth, and Aging in 
Place (AIP) working groups. The expectation is to 
gather and consolidate customer premises 
networking requirements from all these various 
classes of IoT applications and make 
recommendations for future customer premises 
networks that can be built in a modular fashion 
using the recommendations from the WCDG. 

In this paper, we explore the special needs arising 
from these recent developments in the customer 
premises network and outline a framework of 
requirements that are being compiled by the SCTE 
WCDG. We highlight key service and business 
considerations for various application use cases 
including managed WiFi, home security, home 
automation, telehealth, aging-in-place, hospital-
at-home, smart cities, and their associated 
security, installation, and support services. We 
believe this framework can greatly enhance the 
serviceability and adoption of these new services 
and can enable significant future revenue 
opportunities for communications service 
providers (CSP). 

Evolution of cable customer premises 

Home networks have come a long way over the 
past few years. They are no longer the domain of 
technology enthusiasts who cobbled up 
connectivity between various devices in the 
home. Today – especially in the wake of the 
ongoing pandemic – home networks have taken 
center stage in the life of most people. In addition 
to the need for ubiquitous WiFi service being the 
critical driver for these networks – a host of home 
automation IoT services including sensors, video 
communications, interactive devices, as well as 
other next-generation service offerings such as 
aging-in-place and telehealth are beginning to 
drive significant complexity in the home network.  

From the cable customer perspective, the scope 
of cable services has also evolved from primarily 
video services to mainly residential subscribers to 
now a much broader set of video, voice, and data 
services to subscribers spanning residential, 
businesses (offices, retail, hospitality), airports, 
parks, stadium, hospitals, and even governments 
(municipal, city infrastructure), etc. 

The recent emergence of IoT applications has 
dramatically expanded the type of services cable 
networks can deliver. At the same time, the needs 
of all these disparate services have brought with it 
significantly increased complexity in the network 
infrastructure on the customer premises. The 
future of in-home networking is dependent on the 
modular deployment of revenue-generating 
services that not only offer services in a tiered 
fashion but also are manageable from installation 
and service assurance points of view. To better 
understand the needs of the emerging IoT 
applications and services, and to better prepare 
for them, the SCTE IoT working group has 
launched the Wiring Closet Drafting Group 
(WCDG). This group is a cross-functional team 
from the IoT, Smart Cities, Telehealth, and Aging 
in Place (AIP) working groups. The fundamental 
premise of WCDG is that by deploying relevant 
solutions where the services are deployed a priori, 
the cable operator can (1) turn up the service 
faster, (2) customize services to the needs, and (3) 
can have a competitive advantage in delivering 
end-to-end services. In this work, we evaluate 
different needs that arise from such 
enhancements to the in-home (SFU, MDU), 
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common area (MDUs and planned communities), 
and smart cities network. We propose a step-by-
step upgrade to the Telecom closet, a general-
purpose term used for an aggregating unit of the 
Telecom services offered by the operators. These 
factors are further explored in this paper. 

Emerging IoT applications 

No new technology in recent history has had the 
dramatic scope of impact as IoT. This is a 
technology that touches just about everything we 
deal with and has the potential to revolutionize life 
in unforeseen ways. Many ecosystems (such as 
Telehealth, AIP, smart cities, etc.)  are being 
developed using these IoT devices. Let’s take a 
quick look at some of the more popular IoT 
applications and services being deployed today. 

Home Automation and Security Applications: 
Some of the most popular IoT applications 
deployed in homes today are for home 
automation and security. Home automation 
enables homeowners to control various elements 
in their homes remotely. These include lights, door 
locks, thermostats, sprinkler systems, etc. While 
home security has been deployed for many years, 
most applications in the past involve 
professionally installed and monitored systems 
using proprietary technologies. IoT has opened 
the door to self-installed security systems and 
devices including sensors and cameras for 
monitoring the home remotely. These have 
brought not only significant convenience to 
homeowners, but they can be lifesaving at times. 

Telecom for Wellness (T4W) applications: The 
wellness industry is going through a major 
transformation to modernize the infrastructure, 
reduce the cost and increase the quality of care. In 
a series of articles, we have suggested how the 
Telecom industry can assist the wellness 
industry[5], [6], [7], [8], [9]. We call this inter-
industry collaboration Telecom for Wellness 
(T4W). Even though the T4W opportunity is not 
limited to these two major intersection points, we 
focus on AIP and Telehealth use cases to illustrate 
our requirements on the WCDG architecture. 
(Refer to [3] for six different opportunities that a 

Telecom operator can address through the T4W.) 
The SCTE Data Standards Subcommittee, of which 
two of the authors are members, is actively 
working on T4W solutions for the AIP and 
Telehealth areas in working groups three [10] and 
four [11]. 

 

Figure 1 provides a quick summary of the T4W 
opportunity and challenges from AIP and 
Telehealth points of view. Many of the needs, 
challenges, and Telecom opportunities of both 
markets are similar (refer to the SCTE working 
group analysis at [10], [11]). Some of the high-level 
use cases that need to be supported for these two 
markets include: 

▪ Providing basic communication between the 
users and the providers/caregivers 

▪ Providing seamless communication between 
the users and the stakeholders 

▪ Monitoring the users for health, mobility, fall 
detection, etc. 

▪ Analyzing the data collected from the users 
and properly notifying the stakeholders 

▪ Assisting the T4W service providers with 
claims by documenting accountability 

▪ Offering managed services to support 
installations, product support, and other 
services to improve adoption and retain 
customers 
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The goal of this paper is not to elaborate on these 
use cases, but to use them to motivate the WCDG 
modular architectures. For additional information 
refer to the working group documents. 

Retail Business Applications:  Retailers have been 
at the forefront of the IoT revolution trying to 
exploit the troves of valuable information made 
available by IoT-enabled devices. From managing 
the store security, environment, and lighting, to 
monitoring customer traffic and store inventory 
on a real-time basis – IoT is finding uses in almost 
every facet of their business today. 

Factory/Industrial Automation:  Factories and the 
manufacturing industry has been at the forefront 
of automation for a long time. Most factories 
deploy purpose-built machines, tools, robots, etc. 
to automate repetitive tasks. IoT has brought a 
whole new dimension to this automation. 
Machines do not just automate their workflow – 
they can even coordinate seamlessly with other 
machines and systems on the shop floor, and 
perhaps even with others across the world. 

Inventory/Fleet Management:  IoT enables 
convenient and precise tracking of the location of 
enabled devices. This has found many applications 
in the shipping and logistics business for 
managing product inventory as well as for vehicle 
and material tracking within a building across 
continents. 

Smart City Applications:  IoT is finding many 
applications in municipal governance from 
automated utilities monitoring to smart 
streetlights, traffic and parking management, 
energy, and waste management to public 
transportation applications. Cable operators are 
uniquely positioned to assist in accelerating many 
of these applications (refer to the Smart City 
working group at [12]). 

Some of these applications intersect in terms of 
service offerings. For example, smart 
communities can provide wellness applications 
along with smart city applications on the managed 
public WiFi infrastructure. 

All the above evolving solutions can provide a 
huge differentiator for cable operators if they are 
ahead with their infrastructure to monetize them 
through flexible and managed offerings at the 
service delivering locations. 

Special needs of IoT applications 

The vast array of new IoT applications – some of 
which we outlined above - bring with them many 
special needs. Let’s explore some of the key 
needs of these IoT applications across various 
dimensions. 

Location Needs 

The first dimension we will look at is location. The 
location where a service is delivered has a major 
impact on many other requirements across many 
other dimensions as well. The location 
determines the scope of the service, and hence 
the prebuilt modular components that can be 
deployed in that location are determined. Table 1 
gives a high-level view of the typical location 
where certain types of IoT services are delivered. 

Security Needs 

The second dimension we look at is security. 
Security is another dimension that has broad 
implications across many areas of an IoT 
application. IoT devices and applications can 
expose sensitive data and details about 
subscribers. Modern networks must be 
architected to protect and isolate these devices. 
The network should be capable of identifying the 
devices that run on it, and where possible, 
implement security controls based on this device's 
identity. Devices should be explicitly and securely 
onboarded onto the network using standards such 
as Wi-Fi Alliance’s Easy Connect protocol, which 

Service In single-

family 

homes 

In multi-

dwelling homes 

In business 

premises 

In common 

areas 

In public 

places 

Traditional quad-play x x x   

Residential IoT x x  x  

Business IoT   x  x 

Smart city 

applications 
  x x x 

Telehealth 

applications 
x x x   

AIP applications x x  x x 
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gives devices unique credentials on the network 
that can be easily updated on a per-device basis 
and does not require re-credentialing of all the 
devices on the network.   

In addition to device identity, the network 
architecture should allow devices to be isolated 
and segmented based on several factors including 
device type, function, or risk. For example, 
medical devices may be put on a network that is 
separate from other smart home devices. This 
would allow for access controls scoped to the 
medical device and prevent generic smart home 
devices from connecting to the medical device.  

Finally, future networks should be able to 
recognize if the behavior of a device is acting 
outside of established bounds. This could be 
accomplished deterministically using a device’s 
Manufacturer Usage Description (MUD) which 
gives explicit ports and protocols that the device 
is allowed to communicate with over the network, 
or probabilistically using heuristics or machine 
learning. 

Reliability Needs 

As we move from entertainment services to many 
more mission-critical services on the customer 
premises, the need for system reliability increases 
significantly. Telehealth services in the home, 
industrial IoT, and connected vehicle support 
applications will require high availability. 

Timing/Latency Needs 

Many real-time applications like industrial IoT and 
connected vehicle support applications will 
require stringent network timing and latency 
control. Since not all applications have the same 
level of need, it is best to architect the wiring 
closet based on the needs of the applications 
being served.  

Power Needs 

Once again, the applications requiring high 
reliability will also require reliable power. Backup 
power will commonly be needed in many cases. 
The location of the wiring closet will determine 
the powering options. Battery backup will 

commonly be needed in many cases. The type of 
applications being supported by the wiring closet 
and the location will determine the battery 
backup options 

Power has many considerations in this 
infrastructure. There are power sources, power 
demands, and power distribution which must 
work in concert.  

Power Sources 

Let’s look at some of the typical power sources 
that can be used for these applications. 

Utility power 

Utility power is the most abundant power source 
which is available at all but a few potential 
deployment sites. The North American power grid 
is delivered to customer premises using a 
120V/240VAC single split phase deployment. The 
same grid can deliver this 120/240VAC service to 
businesses, but 3-phase utility power is also 
delivered to businesses. These 3 phase 
deliverables can be modified using a transformer 
to deliver the common 120/240VAC used 
elsewhere, so this utility power standard will be 
referenced throughout this document. The 
frequency of the utility AC waveform is constant 
throughout North America using a 60Hz standard. 

Most electronic devices considered for this IoT 
infrastructure deployment support utility power 
using a universal utility AC power supply or power 
pack which can directly connect to the utility grid 
for power. These packs are reliable, cost-effective, 
and energy efficient. The packs come in a wide 
range of capacities to drive both the direct device 
needs as well as those that may be hosted by 
these devices. 

Though the utility grid is ubiquitous and capable 
there can be issues with its delivery. A utility or 
grid outage is a common term for these delivery 
issues. In most cases, these outages are of short 
duration and more of a nuisance for the end user, 
but the electronics and services supported by this 
IoT infrastructure system could provide “Lifeline” 
services, so any interruption of their operation can 
create a bad scenario. The following steps should 
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be taken to improve resiliency and reduce trouble 
calls: 

▪ Limiting user intervention to the power source 
of the IoT infrastructure.  

▪ Avoid a “switched” outlet and have a dedicated 
power circuit, if possible, with a marked circuit 
breaker in the panel. 

HFC plant power 

HFC plant powering is one of the oldest methods 
of proving CPE power in a cable network. eMTAs 
and ATAs are also commonly powered by the 
cable HFC plant. HFC plants typically power the 
copper network and associated actives using 
63VAC or 89VAC power supplies. This power can 
be routed anywhere the hardline plant is deployed 
and extended to the customer through the use of 
power passing taps. The older HFC CPE power 
passing taps could only support about 300mA, but 
newer power passing taps can support 2+ Amps of 
HFC power to the CPE devices.  

There are some considerations while using HFC 
plant powering: 

▪ The load on the HFC plant must be considered 
in larger, high-current deployments. The 
typical HFC power supply has the capability of 
delivering 15A @ 90VAC routinely, but if the IoT 
infrastructure demanded 2 Amps for each site 
this would quickly exhaust the available 
power. 

▪ HFC plant powering could be used as a primary 
or backup source of power, but once again, 
high demand would exhaust the HFC 
powering batteries quickly; additional 
batteries might have to be added to the HFC 
powering location to address this additional 
power demand. The HFC plant is very efficient 
at propagating RF signals but slightly less 
efficient at conveying the HFC powering. 
Losses occur through the hardline, actives, 
passives, and largely in the customer drop. The 
end-of-line voltage range would need to 
accommodate a voltage range from 45 to 
90VAC. 

 
Hybrid fiber power 

The Hybrid Fiber Power solutions have been 
deployed in cellular tower deployments as well as 
similar high voltage low current powering of 
DSLAMs. PON architectures could provide 
centralized powering sources and hybrid power 
cables with converters in the IoT infrastructure 
cabinet to provide the needed power for the 
supported electronics. The basic designs leverage 
several 24 AWG to 12 AWG conductors to allow a 
high voltage low current transmission, some 
touting distances of up to10kM. The hybrid fiber 
powering could be delivered as a primary or 
backup source of power and communications. 

Local renewable power 

Consumers and businesses are deploying 
renewable energy resources at their sites and 
these sources can be leveraged to power our IoT 
infrastructure hardware. Solar, Wind, and Micro-
Hydro are the main sources of these renewable 
energy systems and there are several modes of 
operation of these systems: Grid Direct, Off-grid, 
and Hybrid. Grid direct and Hybrid are most likely 
what would be used in concert with our IoT 
infrastructure, but our connection considerations 
are very different in those two deployments. Grid 
Direct systems rely on the utility grid for 
operation, and the loss of the utility grid causes 
these systems to shut down for safety reasons. 
The IoT infrastructure would be connected to a 
panel as it would in a utility deployment, the major 
difference is that during renewable production the 
IoT infrastructure would be powered from a 
renewable energy source. The Hybrid renewable 
system includes storage and handles grid loss a bit 
differently by disconnecting itself and its loads 
from the Grid to assure safety, but a “Backup 
Loads Panel” would be powered by the Hybrid 
system and its storage. In this case, all the IoT 
infrastructure should be tied to the backup loads 
panel to assure operation through utility outage 
events. 
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Backup Power Considerations 

The IoT infrastructure will likely support lifeline 
services and will require resilient powering. There 
are several ways of providing resilient backup 
power. We will look at some of the most 
commonly available options below. The amount of 
backup time these systems provide can vary, so 
the right option should be used depending on the 
application. 

Interdevice batteries 

One of the longest deployed backup powering 
scenarios in the cable is the use of a backup 
battery in an eMTA. A similar method could be 
used to maintain the IoT infrastructure powering. 
The battery could be placed in the device itself or 
located externally. The device can be used to 
charge the battery. The size of the battery should 
be sufficient to meet the needs of the application.  

Battery-based backup is very efficient from both a 
cost and round-trip power utilization point of 
view. However, it can prove to be an extra burden 
when the batteries reach their end of life and must 
be replaced. Most of these battery backup 
solutions include battery monitoring for run time 
and battery health. 

External UPS 

External UPS devices are probably the second 
widest deployment of backup power for cable 
user equipment deployments. These are external 
units that are plugged into the utility and then the 
supported cable hardware is plugged into them. 
These systems are largely not monitored, which 
can create a “delayed outage” scenario where the 
system runs for a time during a utility event, but 
when the battery is exhausted in these external 
UPS devices the hosted IoT infrastructure system 
goes dark. There are both consumer and industrial 
grades of UPS devices, with the industrial scale 
devices providing longer runtime better 
monitoring options, and survivability.  

Whole house backup 

Behind the meter storage and other large-scale, 
backup solutions are similar hybrid renewable 

systems that can leverage renewable sources. The 
idea is that a large battery bank is hooked to an 
inverter/charger which can provide a backup 
power source for many powered devices on the 
premises. The system will disconnect from the 
grid during a power outage and through backup 
loads, the panel can provide service during the 
utility outage. The IoT infrastructure electronics 
would need to be connected to the backup loads 
panel for power. 

Interoperability needs 

With the evolution of IoT technology, a broad 
range of devices, applications, and services have 
been deployed in the customer premises 
networks today. The IoT framework of the future 
must provide some means of integrating all these 
devices and applications consistently. 

Opportunities for cable operators 

So why should cable operators care about these 
emerging new services in their customer premises 
networks – especially given all the complexity they 
bring with them?   

It is precisely the complexity that has stymied the 
widespread deployment of these IoT services in 
the market. Numerous technology vendors are 
vying to capture the market – but, at best, most 
have only succeeded in delivering point solutions 
to one specific application they control. 

We believe that cable operators are ideally placed 
to take full advantage of their central role in the 
customer premises network to pull all the pieces 
of the puzzle together and thereby unlock a lot of 
potential value in their customer’s IoT 
environment. 

It is also clear that many proprietary solutions 
currently being deployed will only find limited 
success in the marketplace. For any widespread 
deployment, a standards-based approach will be 
needed. 

Wiring closet concept 

The traditional infrastructure cable operators 
placed on the customer premises was simple and 
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compact. All that was needed was a small 
enclosure or a closet to house it all. This was 
commonly known as the Wiring Closet or Telecom 
Closet. As we outlined above, the needs of the 
customer premises – and even the customers 
themselves – have evolved significantly. So, what 
is the new “Wiring Closet” of the future? 

The needs of customers will vary a lot from a 
single-family home subscribing to basic cable to a 
municipality supporting various smart-city 
applications. We cannot have a one-size-fits-all 
solution for all these applications. It is also clear 
the customer premises infrastructure of the future 
will not necessarily even be a closet. The idea is to 
develop a customer premises framework that 
provides a standard and modular way of scaling 
from a simple wiring enclosure to a distributed set 
of resources where necessary. 

The following are the three basic characteristics of 
a Wiring Closet: 

▪ Expandable to current and future IoT 
applications 

▪ Address the spectrum of needs from in-home 
to public areas 

▪ Serviceable unit for the cable operators 

Wiring closet requirements 

What are the requirements for such a broad 
framework to support IoT services in the customer 
premises network?  That is one of the main 
questions the WCDG group is trying to address at 
the SCTE. While this is still a work in progress, we 
highlight a few key requirements in this section 
that the group feels are necessary for any such 
framework. 

Customer premises location requirements 

As we noted above, various IoT applications need 
to be supported in different locations on customer 
premises. Following locations must be supported 
by the customer premises framework. 

▪ Single Family Units: Support in indoor and 
outdoor locations. 

▪ Multi-Dwelling Units: Support in unit indoor 
and outdoor locations as well as common area 
indoor and outdoor locations. 

▪ Commercial Units: Support indoor as well as 
common area indoor and outdoor locations. 

▪ Public Spaces: Support in a cabinet as well as 
pole-mounted locations. 

Networking requirements 

The customer premises framework needs to 
support both wired and wireless networking 
infrastructure. 

▪ Wired infrastructure should preferably be 
supported for premises distribution where 
wireless distribution is challenging and for 
fixed devices. 

▪ Wireless infrastructure should be supported 
for mobile devices. Adequate signal coverage 
throughout the customer premises should be 
ensured. 

Security requirements 

As noted above, security is critical for many IoT 
applications. As such, the customer premises 
framework shall support comprehensive security 
capabilities including the following: 

▪ All communication links shall support 
authentication, authorization, and encryption 
capabilities. 

▪ Wireless Access Points shall support 
authentication and encryption capabilities. 

▪ Gateway devices shall support secure boot 
and secure upgrade capabilities. 

▪ No default login credentials should be 
supported. In addition, security infrastructure 
should be upgraded to the latest available 
standards. 

▪ Any test/diagnostic access ports shall be 
disabled by default or require secure login. 
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Powering requirements 

Many IoT applications have special powering 
needs. As such, the premises infrastructure should 
support the following powering requirements. 

▪ The premises infrastructure shall support the 
following options as power sources: 

o AC utility mains 
o HFC 60V/90V 
o Power over Coax 
o Power over Ethernet (PoE) 

Environmental requirements 

Since the premises infrastructure will have to 
support a wide range of premises locations, it 
needs to meet a broad range of environmental 
needs. Following are some of the key 
environmental requirements the premises 
infrastructure will need to support. 

▪ The premises equipment shall support 
installation in an indoor enclosure, outdoor 
enclosure, outdoor cabinet installation, and 
outdoor pole mount enclosure. 

▪ The equipment shall meet all necessary 
environmental and safety requirements per 
ETL, UL, and NEMA. 

▪ The equipment shall meet all local building and 
environmental codes. 

Installation and support requirements 

Due to the broad range of potential IoT 
applications that could be installed in the 
customer premises and the resulting complexity, 
the framework of the premises will need to meet 
numerous installation and support requirements. 

▪ All serviceable equipment must be located in 
an area offering easy access for service 
personnel 

▪ Basic infrastructure should be pre-installed in 
any new building construction 

▪ Auto-configuration processes should be used 
where possible to minimize user intervention 

▪ The installer should ensure adequate signal 
coverage throughout the premise (e.g. WiFi 
signal coverage) 

▪ All installed equipment and infrastructure 
should be well labeled and documented 

▪ Support responsibilities should be clearly 
outlined along with contact information for 
the responsible party 

▪ Maintenance responsibility for any backup 
batteries should be specified along with the 
necessary maintenance schedule 

▪ Installation should support notification of 
low/failed/missing backup battery conditions 
to service personnel 

▪ Equipment installations should support easy 
hardware upgrades.  

▪ Devices deploying software should preferably 
support automatic online software upgrades. 

Reliability requirements 

Many IoT applications will potentially support 
critical healthcare or business support services 
that will have high-reliability expectations. 
Following are some of the reliability requirements 
the premises infrastructure needs to meet: 

▪ Power Reliability: Backup power should be 
made available depending on the type of 
application and location needs. 

▪ Communication Reliability: A backup 
communication link may be necessary in case 
of failure of the primary communication link. 

▪ Device Reliability: Devices providing critical 
services such as healthcare support should 
have built-in redundancy or a spare available. 

▪ Service Reliability: Critical services must be 
supported by a highly reliable support 
infrastructure including a 24x7 support team. 

Interoperability requirements 

It is not enough for IoT applications to function by 
themselves. To minimize complexity for the user 
as well as to make applications easier to use, the 
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customer premises framework should provide a 
common infrastructure for applications to 
interface with each other. Following are some of 
the interoperability requirements the premises 
infrastructure needs to meet: 

▪ The customer premises framework should 
support a common infrastructure for 
applications to interface with each other. 

▪ The framework should support a consistent 
way of managing all the applications and 
devices on the customer premises. 

Conclusions and next steps 

In this paper, we have clearly outlined the need for 
developing a comprehensive framework for 
supporting the vast array of IoT applications and 
services in customer premises networks from 
simple single-family homes to large city-wide 
smart-city networks. Such a framework will 
enable the widespread deployment of a multitude 
of value-added services shortly and place the 
cable operator in a pivotal role in this vast 
ecosystem. 

The first step in getting to such a framework is to 
develop a comprehensive set of requirements to 
be supported by this framework. We have 
highlighted many key requirements in this paper, 
but much more work must be done. The WCDG 
group is looking for subject matter experts from a 
broad range of areas to come and contribute to 
this work. 
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The Cable Home is the Wellness and Telemedicine home – 
lets now deliver these new solutions 
Republished from September 2022 SCTE Expo 

Sudheer Dharanikota (DTS), Charles Cheevers (CommScope) 

What is the problem? Key Takeaways 

To bring T4W opportunity to life, we recommend 
developing standardized SNG solutions that: 

▪ Enables different one-way and two-way 
communicating devices, 

▪ Offers standardized, redundant north-bound 
interface, 

▪ Provides an in-home customer (and their service) 
management interface, 

▪ Offers constructs to different data collection, 
problem-solving, and management of the device 

▪ Provides standardized cloud-to-cloud interfaces to 
enable inter-industry collaborations 

  

Key words: Aging in Place, Sensor Netowrk Gateway, 
Telecom for Wellness 

Telecom for Wellness (T4W) is a multi-
trillion-dollar opportunity for cable 
operators. This opportunity begins 
with the connectivity and device base 
that is already in place and expands 
simply to move into new high-value 
revenue opportunities in the wellness, 
telemedicine, and aging-in-place 
markets. How can cable operators 
leverage the existing in-home 
infrastructure and add additional 
features to serve T4W market? 

To TOC 
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Executive summary 

Telecom for Wellness (T4W) is a multi-trillion-
dollar opportunity for cable operators. This 
opportunity begins with the connectivity and 
device base that is already in place and expands 
simply to move into new high-value revenue 
opportunities in the wellness, telemedicine, and 
aging-in-place markets. In this paper, we analyze 
different in-home networking architectures that 
can be added to the existing 
Broadband and Wireless networks in 
the home to support T4W services 
such as Aging in Place (AIP) and 
Telehealth. To minimize CapEx 
investment for this new service 
evolution we will show how the 
existing infrastructure can support 
sensor-based networks, audio 
networks, video networks, and IoT 
for medical device networks in a 
simple incremental architecture from 
today's quad-play services. The 
paper will provide an analysis of the 
home networking components 
needed for the AIP and Telehealth 
applications to overlay into existing 
backend services, processes, and 
even technician in-home support. 
This paper will leverage the work done within 
SCTE Working Groups to derive an outline of the 
standardization of cable industry premises 
devices with wellness capabilities used for T4W 
services. It will highlight the interfaces for 
wellness solutions to be added to Broadband 
Gateways, STBs to provide access to resources like 
BLE and Wi-Fi, such as simple secure onboarding, 
messages and notifications on the TV / Video and 
Audio networks. It will also look at the cloud-to-
cloud interfaces that can be standardized to allow 
partnerships between Service Providers and 
Cloud wellness partners to create inter-industry 
opportunities. 

Introduction 

The Wellness industry is going through a major 
transformation to modernize the infrastructure, 
reduce the cost and increase the quality of care. In 
a series of articles, we have suggested how the 

Telecom industry can assist the Wellness 
industry(Refer to [1], [2], [3], [4], [5], [6], [7]). We call 
this inter-industry collaboration Telecom for 
Wellness (T4W). Even though the T4W opportunity 
is not limited to these two major intersection 
points ([13]), we focus on Aging in Place (AIP) and 
Telehealth use cases to illustrate our thoughts on 
the end-to-end T4W architecture in [8]. (Refer to 
[9] for six different opportunities that a Telecom 
operator can address through the T4W 

architecture covered in this paper.) The SCTE Data 
Standards Subcommittee, of which the authors 
are members, is actively working on T4W solutions 
for the AIP and Telehealth areas in working groups 
three [10] and four [11]. 

[1], [2] provides a quick summary of the T4W 
opportunity and challenges from AIP and 
Telehealth points of view. Many of the needs, 
challenges, and Telecom opportunities of both 
markets are similar (refer to the SCTE working 
group analysis at [10], [11]). Some of the high-level 
use cases that need to be supported for these two 
markets include: 

A. Providing basic communication between 
the users and the providers/caregivers 

B. Providing seamless communication 
between the users and the stakeholders 

C. Monitoring the users for health, mobility, 
fall detection, etc. 

Figure 1 Telecom for Healthcare opportunity and challenges summary 
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D. Analyzing the data collected from the 
users and properly notifying the 
stakeholders 

E. Assisting the T4W service providers with 
claims by documenting accountability 

F. Offering managed services to support 
installations, product support, and other 
services to improve adoption and retain 
customers 

Many of these use cases are elaborated on in [9]. 
In the use cases paper, we presented AIP, 
independent living, and hospital at-home use 
cases (the extreme ends of the T4W) with the 
consideration on what are the opportunities for 
the cable operators. 

In the next sections, we summarize the T4W 
architectural needs, provide a framework, discuss 
individual components, and start discussing the 
sensor network gateway concept. 

End-to-end high-level T4W architecture 

Figure 2 provides a high-level end-to-end 
architecture proposed by Duke Tech Solutions 
(DTS) in their market analysis [13] based on 
different T4W market opportunities. The 
framework is elaborated in [8].  

To understand the end-to-end T4W architecture, 
first, we need to understand the users, the service 
providers, and the other stakeholders as shown in 
Figure 1. We adopt the architectural framework 
provided in [8], DTS’s Telecom for Wellness 

Environment Framework (DTEF), to evaluate the 
in-home components proposed in this paper. We 
will use AIP and Telehealth use cases (as provided 
in section 0) to do this. 

1. In-home healthcare/wellness aware 
gateway: From use cases A, B, and C, it is 
clear that there needs to be a gateway in 
the T4W home. This gateway, as shown in 
Figure 2, acts as an integration point for 
monitoring the sensor devices (e.g., 
motion sensors, remote patient 
monitoring equipment) and integrating 
with the interactive services endpoints 
(such as unified communication services). 
This Sensor Network Gateway (SNG) can 
be a standalone device or integrated with 
other vendor equipment such as the set-
top box or residential gateway. In this 
paper, we treat it as a logically separate 
device.  

2. T4W aware network infrastructure: Again 
from the use cases A, B, and C it is clear 
that the T4W requires connections 

Figure 2 DTS's Telecom for Wellness Environment Framework (DTEF) based components 
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between the users, the providers, and the 

other stakeholders. This requires not only 
reusing the existing telecom infrastructure 
but will also need to meet reliability, 
security, and privacy requirements 
specified by the T4W architecture. The 
communications infrastructure will have 
to meet the needs of the sensor network 
traffic, unified communications traffic, 
and notifications to the different 
stakeholders. To differentiate (or to keep 
the focus on) the T4W needs, we call this 
the T4W Sensor Network Infrastructure. 

3. T4W aware service back office: The cable 
operators have all the required 
infrastructure for managing end-to-end 
services. As mentioned in use case F, it is 
essential to turn the fragmented, gadget-
oriented point solutions into a well-oiled 
managed service. This can only be 
accomplished by Telecom operators who 
have access to such infrastructure and 
have been managing communications 
infrastructure for 90+% of the households 
in the US. We call such infrastructure as 
T4W Service Backoffice. 

4. T4W aware problem solving analytical 
platform: Finally, as mentioned in use 
cases D and E, this infrastructure attempts 
to solve the problems stakeholders are 
facing. These problems and related 
algorithms may be unique to the 
healthcare/wellness industry, but the 
infrastructure is similar to the 
infrastructure the telecom operators use 
today. We call this repurposed analytical 
platform the T4W Problem Solving 
Analytical Platform. 

In the following sections, we highlight the sensor 

network gateway’s hardware, software, and cloud 
interface needs to enable inter-industry 
opportunities.  

Sensor network gateway components 

Figure 3 shows different tasks that need to be 
done in a T4W capable home, as briefly discussed 
below: 

▪ Support for different data streams: The 
AIP and Telehealth infrastructure needs to 
support typical data streams generated in 
a T4W home. These include sensor and 
actuator data streams, streams to record 
events, and real-time streams such as 
video and audio communication between 
T4W stakeholders. 

▪ Communication with existing in-home 
broadband devices: These might include 
consumer consoles (such as TVs or smart 
speakers), and smart home devices (such 
as smart locks, lights, or video doorbells). 
To increase the adoption of T4W solutions 
and for ease of use, the T4W in-home 
components need to be on the same 
logical network.  

o The T4W physical networking can 
be dependent upon the use case 
for any particular device. Most 
components are likely best 
connected with an in-home 
broadband network, but certain 
devices (such as a locator device) 
may need to be connected even if 
the user is beyond the limits of the 
in-home network. The important 
thing is that the networked devices 

Figure 3 Sensor Network Gateway architecture 
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can communicate with each other 
on a secure logical network. Critical 
components may require a 
secondary backup network 
connection in case the primary 
network fails. Cloud-based services 
also protect against exclusive 
dependency on the in-home 
network. 

o The in-home solutions shall 
integrate remote patient 
monitoring devices, sensor devices 
(such as fall detection, motion 
sensors, etc.), and other IoT 
devices that are used for wellness 
needs.  

o Additionally (to increase the utility 
and ease of use of the system), the 
T4W solutions shall be integrated 
with the frequently used consumer 
consoles (such as Television for the 
elderly), smartphones, and other 
handheld devices. Again, a cloud-
based solution simplifies an 
experience that can be duplicated 
on whatever console is convenient. 

▪ Provide installation and support services: 
The operator shall also streamline the 
installation and support services to 
improve the ease of use of the integrated 
solution. 

Hardware and software components 

As shown in Figure 4, the cable operators already 
have been deploying many standardized 
protocols, interfaces, and devices for different in-
home solutions. Extending them to T4W solutions 
will be a natural extension for them. But they have 
to offer many subtle features to be adopted by the 
wellness industry. These extensions are 
elaborated on in the following section. The 
required tasks of the solution are broken into the 
device-facing interface, network connectivity 
interface, in-home controller interface, internal 
capabilities, and inter-industry collaboration 
interfaces (represented by the Cloud2Cloud 
interface in the figure). 

Figure 4 Unifying the wellness resources with the in-home and access networks 
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Device facing interface 

Based on the above high-level needs, we propose 
that a Sensor Network Gateway (SNG) 
functionality be developed for supporting T4W 
solutions. The block diagram of such a 
gateway is presented in Figure 3 with a bit 
more details and how it interacts with other 
devices visually in Figure 4. This gateway will 
have wired (Ethernet, USB, etc.) and wireless 
(Wi-Fi, Bluetooth, BLE, etc.) interfaces to 
integrate the T4W devices and other IoT 
devices (such as turning on a light, placing a 
phone call to a family member). Note that if 
the SNG functionality is integrated with the 
residential gateway these requirements 
apply to the residential gateway. 

Functionalities 

At a broad level, there will be two types of 
southbound facing devices to the SNG. These are 
the two-way communication devices such as the 
devices used for Telehealth and the one-way 
communication devices such as sensor devices 
used typically for monitoring. The following 
discussion applies to both such categories. 

The SNG should have the device-facing 
capabilities to: 

▪ Register a new device and onboard with 
proper credentials before letting it use the 
network  

▪ Learn the capabilities of the device as part 
of the device registration 

▪ Authenticate a device against the 
registered credentials 

▪ Detect the wired and wireless devices 
when they either come alive or connected 

▪ Securely communicate with the device for 
different information exchanges for status 
gathering, data collection, etc. 

▪ Identify the status and different levels of 
availability of the device during the 
communication. 

▪ Collect on-demand and continuous data 
from the device 

Types of interfaces 

The SNG will act as a gateway to the T4W 
applications. This requires the SNG to support 
some of the following interfaces. Note that only 
some of the interfaces are required depending on 
the positioning of the SNG. It is not in the scope of 
this document to provide the number of such 
interfaces.  

The SNG should support the device-facing (Note 
that it is not in the scope of this paper to 
recommend one protocol or the other): 

▪ Wired interfaces such as Ethernet or USB 
connection with potential hub 
functionality 

▪ Wireless interfaces such as Wi-Fi, 
Bluetooth, BLE, Matter, etc. with potential 
hub functionality 

Serviceability 

The serviceability of the SNG and its subtended 
devices are essential for making the T4W services 
more sustainable. In this section, we highlight the 
serviceability needs of the subtended devices. 

The SNG should support different protocol 
serviceability constructs such as: 

▪ Monitoring the reachability/connectivity 
status of different wired and wireless 
devices 
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▪ Debugging the connectivity and other 
serviceability issues for the subtending 
devices 

Other requirements 

Other requirements from the SNG towards the 
device interface include: 

▪ Charging the connected devices where 
possible for high-priority devices, and 

Network connectivity interface 

The gateway shall provide high-quality 
redundant Internet connectivity such as with 
an Ethernet interface to wired broadband and 
a 5G or other wireless connection as a backup.  

Functionalities 

The SNG will have northbound facing internet 
connectivity for providing access to the 
network or for in-home devices. The following 
discussion applies to both such categories of 
connectivity. 

The SNG should have the network-facing 
capabilities to: 

▪ Provide high-quality differentiated 
communication based on the priority of 
the application 

▪ Offer differentiated services to both for 
one way and two-way communications 

▪ Provide high availability connectivity 
based on the importance of the 
communication (for example, backup the 
cable connectivity with the 5G connectivity 
for some of the sensor devices as opposed 
to the Telehealth video communication 
solutions) 

▪ Provide per session-based secure 
communications at the device level (Note 
that there may be multiple stakeholders for 
every session) 

Types of interfaces 

The SNG should support Quality of Service (QoS) 
supported redundant interfaces for high 
availability connectivity, such as: 

▪ A wired primary interface for high QoS 
enabled interface (for example, Ethernet, 
DOCSIS, PON based) 

▪ A wireless secondary interface (for 
example, 5G interface) for high-priority 
traffic communication during primary 
interface failure 

▪ A failover mechanism that provides the 
service continuity protection for high-
priority traffic during primary interface 
failures 

Serviceability 

The SNG should support different techniques to 
monitor and test service continuity, such as 

▪ Remote access loopbacks (e.g., using 
802.1x) 

▪ Service level network connectivity polling 

Interaction with other northbound interfaces 

In addition, the SNG should interface with 
different in-home components, such as  

▪ The wiring closet, as discussed in [14] 
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▪ The broadband router, if SNG is not 
integrated into the router, and 

▪ An external or internal device that provides 
a failover redundant communication  

Other requirements 

The SNG and its downstream applications may 
also require an accurate time of day and date. This 
can only be achieved if the SNG has access to the  

▪ Network timing information through the 
timing protocols as a pass-through from 
the router 

In-home controller interface 

The SNG will also need to integrate the consumer 
access interfaces (TVs, smartphones, iPads, etc.) 
to increase the adoption of the T4W applications. 

 

Functionalities 

The SNG functionality and many other T4W 
solutions require some of the following 
functionalities for ease of use. The SNG should  

▪ Provide video console (such as TVs, iPads, 
etc.) integration to offer as a console to the 
management of the T4W services.  

o This includes all the unified 
communication aspects of the 
interactions such as the 
notifications, two-way 
conversations, and certain process 
flows such as interrupting the 
activity that is being performed on 
the video console. 

▪ Interact with an easy-to-use remote 
controller to manage the on-screen 
process flows 

▪ Offer, where possible, voice-enabled 
interactions with the SNG 

▪ Be able to split the feeds among the 
stakeholders, on-demand basis, based on 
the stakeholder privileges 

Types of interfaces 

The SNG shall offer different interfaces to 
communicate with the in-home controller device. 
It should 

▪ Provide a wired interface to connect with 
the video console (such as USB, Ethernet, 
etc.) 

▪ Provide a wireless interface to connect 
with the video console (such as discovering 
and connecting to the Smart TV over Wi-Fi) 

Serviceability and debugging 

The SNG should extend the service continuity 
evaluation to the in-home controller interface for 
ease of service assurance. 

Internal functionalities 

The SNG will need limited internal storage for the 
temporary storage of sensor data and to perform 
local analytics on time-critical events. The 
gateway shall offer an easy installation process 
and support self-install where possible. 

Functionalities 

The SNG should  

▪ Register the gateway device with the T4W 
platform for different service capabilities 
that it can enable and is allowed to perform 

▪ Provide support for the unique 
addressability of the device (IP address, 
etc.) 
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▪ Be capable of providing different QoS 
marking, prioritization, and fulfillment 
capabilities 

▪ Be capable of self-installing during initial 
bootstrapping and later during the 
upgrading  

▪ Provide a management interface to 
configure and manage different features of 
the device 

▪ Provide extensive stats collection 
capabilities as highlighted in [12] 

▪ Support some basic analytics to perform 
local analysis and notification capabilities 

▪ Store and provide access to the 
information collected for at least one day 
in case of loss of internet connectivity 

Types of interfaces 

The SNG should 

▪ Support service (a physical or a logical) 
interface to access the management 
interface  

▪ Support a local interface for the field 
technician if the device is not reachable 
through the internet 

▪ Allow access to different debugging tools 
and statistics that are collected on the 
gateway 

Other requirements 

The SNG should support 

▪ AC and DC power with potential for battery 
backup based on the scope of the product 

Inter-industry collaboration interfaces  

The SNG is the customer-facing part of the end-
to-end Telecom for Wellness solutions as shown in 
Figure 4. A cable operator or someone working 
along with the operator can create a platform with 
these components. Once the platform is created, 
it can be used to enable different stakeholders and 
solve their problems, and also can be used as a 
conduit for different services from other value-
added wellness-related service providers.  

The T4W provider can offer this platform for 
internal use and to the marketplace of the service 
providers through a set of services. Figure 5 
provides two such use cases that can be enabled 
using an inter-industry collaboration. More 
information on these use cases and the 
opportunity for the cable operators are detailed in 
[9]. The SNG will in this case work as the 
subtended device in the house for the set of 
newer services. In this case, the SNG and the cloud 
platform shall support the following functionality 
through different service enablement constructs: 

▪ Faster service enablement 

o Onboarding newer service 
providers 

o Establishing the service capabilities 
with the same look and feel 

o Creating constructs for single 
billing capabilities 
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o Extending the proposed 
serviceability interface to the 
external service providers 

▪ Knowledge sharing 

o Enabling access to different 
monitoring points based on the 
registration 

o Creating different status 
monitoring and data collection 
points per service (or provider) 

o Setting threshold crossing alarms 
and providing access to those 
notifications 

▪ Giving access to the T4W platform’s 
problem-solving infrastructure based on 
the service agreements 

▪ Enable cloud-to-cloud interface between 
service providers through standardized 
interfaces 

Conclusions and recommendations 

As presented in the previous papers, T4W is a 
multi-trillion dollar opportunity for cable 
operators. In this paper, we extended the details 
of the DTEF framework’s in-home component, 
namely the SNG, requirements to enable T4W. 
These requirements highlighted can be 
implemented in a standalone device or the 
functionalities can be integrated with one of the 
intelligent in-home devices (such as a residential 
gateway or a Set Top Box). The cable industry and 
partners are uniquely positioned to standardize 
and implement such solutions with their 
ubiquitous presence, in-home deployments, 
service management workforce, and end-to-end 
infrastructure. To bring this opportunity to life, we 
recommend developing standardized SNG 
solutions that 

- Enables different one-way and two-way 
communicating devices, 

- Offers standardized, redundant north-
bound interface, 

Figure 5 Making a home an extension of Telehealth services through standardized interfaces 
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- Provides an in-home customer (and their 
service) management interface, 

- Offers constructs to different data 
collection, problem-solving, and 
management of the device 

- Provides standardized cloud-to-cloud 
interfaces to enable inter-industry 
collaborations 

We would like the cable operator ecosystem to 
actively engage with us at the SCTE working 
groups, implement these solutions and enable the 
Telecom for Wellness opportunities. 
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Enterprise Private Wireless Networks: 4G or 5G? 

Frank Rayal (Xona Partners) 

What is the problem? Key Takeaways 

We’ve seen a high focus on 5G in smart manufacturing. 
This is due to different reasons. For instance, video 
streaming is demanding in terms of capacity, especially 
for the uplink path. This is an example where LTE often 
fails to deliver on the requirements of the use case.  

Sectors that have favored LTE include oil & gas, mining, 
and utilities. In these instances, spectrum availability, 
mature technology, and low-cost structure played a 
large role. When used to connect people, LTE and VoLTE 
is the practical alternative. 

  

Key words: 4G/LTE, 5G, Private Wireless Network 

In almost every enterprise private 
wireless network (PWN) engagement, 
we come across the question of what 
technology to select: 4G/LTE or 5G? 
Deciding between LTE and 5G is often 
complex and needs careful analysis. 
This blog outlines the top 5 factors to 
help in the decision-making process. 
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Background 

In almost every enterprise private wireless 
network (PWN) engagement, I come across the 
question of what technology to select: 4G/LTE or 
5G5? Deciding between LTE and 5G is often 
complex and needs careful analysis. Here, I outline 
the top 5 factors to help in the decision-making 
process. 

Performance & Features 

The PWN has to meet the use case SLA 
requirements for throughput, latency, jitter, 
power consumption, operating mode (e.g., 
mobile, fixed), reliability, and availability among 
other requirements. Identifying the application 
QoS metrics and mapping that to the technology 
performance parameters is one of the first steps. 
For many in the enterprise segment, this is a 
challenging step because they lack technical 
understanding. 

Network features are another aspect. Some 
features are only possible with 5G, while other 
features run well on LTE because it’s a mature 
technology. IoT connectivity is one example 
where NB-IoT on LTE is sufficient to meet the 
most use case requirements, such as device 
density and power consumption. In this case, 5G 
will add little value to most of today’s IoT 
connectivity applications. 

One of the challenges that enterprises come 
across, is determining the application 
requirements which are sometimes not obvious. 
In cases where the requirements are well known, 
the challenge lies in assuring service quality to the 
device level. This challenge presented by private 
networks differs from the approach used in the 
design of public networks. 

Cost 

5G equipment run at double the price of LTE, if not 
more. Cost needs to be considered among other 
factors for the right tradeoff. For instance, if the 

 
5 Wi-Fi is also part of the technology mix, as are 
other technologies including those based on 
industrial or proprietary standards. You can 

application is short range and demands several 
gigabits per second of throughput, then 5G is the 
technology of choice because it’s capable of 
operating in the millimeter wave bands, unlike LTE 
which is not capable of meeting such speed. On 
the other hand, LTE is a cost-effective option for 
an open wide area coverage application that 
requires a few megabits per second of 
throughput. 

Ecosystem 

The availability of base stations and devices in the 
frequency bands of the enterprise is a basic issue. 
LTE is an old technology: devices and base 
stations are available in different bands ranging 
from 700 MHz to 3500 MHz. 5G availability focuses 
on the mid-band spectrum bands as the 
ecosystem aligns with service provider 
requirements. However, the ecosystem is hesitant 
from making more investments in LTE: there’s a 
higher anticipated RoI for 5G. This creates a gray 
zone where neither technology is readily available: 
it’s hard to source LTE for lack of interest/low 
perceived RoI by vendors; and hard to close the 5G 
business case due to high cost. 

PWN Type and Architecture  

The type of the PWN – for instance, an 
independent network or a dependent PWN that 
relies on a public network, plays an important 
factor in technology selection. When the PWN is 
independent of any service provider, both 4G and 
5G are options to consider. However, most 
dependent PWN is based on 5G due to business 
and technology reasons. For instance, operators 
seeking a new revenue stream from managing 
enterprise PWN choose 5G to justify the 
investments and match the service lifecycle. The 
flexibility of the 5G core network architecture 
allows different deployment scenarios – such as 
on-premises edge computing or network slicing – 
leading to different cost options and tradeoffs in 
security and privacy profiles. 

download a brief comparative analysis between 
Wi-Fi and 5G here. 

https://frankrayal.com/report-downloads/
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Deciding between independent and dependent 
PWN is a decision fork that one needs to consider 
carefully. Data privacy and security are among the 
most critical aspects of PWN when it comes to 
architecture and deployment. 

Geographic Location  

This is one of the simplest issues to deal with! In 
certain countries, one is limited to a specific 
technology. For instance, China focuses on 5G. The 
Chinese market structure mandates PWN 
partnership between the enterprise and mobile 
network operators. This is supported by a shared 
indoor spectrum allocation in the 3.3 – 3.4 GHz 
band where MNOs could deploy enterprise PWNs. 

Additionally, spectrum is a factor of the enterprise 
location. This is another critical factor that impacts 
technology selection. 

Final Remarks 

We’ve seen a high focus on 5G in smart 
manufacturing. This is due to different reasons. 
For instance, video streaming is demanding in 
terms of capacity, especially for the uplink path. 
This is an example where LTE often fails to deliver 
on the requirements of the use case. Low latency 
is another requirement, but for the most part, it 
has not been a critical issue since LTE could be 
designed to deliver sub 30 msec latency which is 
sufficient for a great number of applications. 

Sectors that have favored LTE include oil & gas, 
mining, and utilities. In these instances, spectrum 
availability, mature technology, and low-cost 
structure played a large role. When used to 
connect people, LTE and VoLTE is the practical 
alternative. 
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wellness providers, and provide notification of 
significant events. 
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