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1. Abstract 

Demand growth and competitive pressures are changing the access networks at a rapid pace.  To keep up 

with these changes, the network operators are looking at several technology options to expand capacity 

from current sub-1Gig up to 10Gig in the near future.  In addition, there are other demands arising on the 

network from new businesses as well as mobile backhaul services (such as, small cell, macro cell and 5G 

evolution).  

While a lot of work has gone into exploring the transmission technologies to support these growing 

demands, this is only the necessary first step.  Most network upgrade actions will have a major impact on 

the network powering requirements.  The network operators need to plan and prepare for such changes.   

In this paper, we discuss some of the expected powering impacts of the upcoming network upgrades 

including node-splits, fiber-deep, mid-split, high-split, extended-spectrum DOCSIS and full-duplex 

DOCSIS on the outside plant network. We will also evaluate some of the powering requirements coming 

from the new opportunities. 

Finally, network operators are facing a daunting challenge of continuously evolution the access network.  

There are many upgrade paths operators can take over the next few years.  Although, this paper is not 

focused on evaluating the upgrade options, we will discuss how such rapid access network changes 

impact long-term powering solutions. We provide different financial, operational and life-time (or 

obsolescence) metrics for the operators in evaluating different powering solutions. 

2. Powering challenges will grow exponentially 

Cable operators are going through major transformational changes. As shown in the Figure 1, these are 

driven by the customer’s never-ending appetite for bandwidth, hyper competitive environment to gain 

customer share, and the need to increase the revenue through newer service offerings. These three are 

making the access architectures a challenge to say the least. Every aspect of the access network evolution 

(starting from the strategy, to planning, to permitting, and to the execution) in these challenging times are 

very complex. In this paper we focus on one aspect of the architecture, the powering needs, due to the 

access transformational activities. 

2.1. Drivers behind the challenges 

Demand Growth: As shown in Figure 1, the year-over-year bandwidth demand is still growing 

exponentially. Typically, operators are observing 40 – 50% downstream and 20 – 30% upstream demand 

CAGR. These are driven by the traditional application such as streaming video (including 4K content), 

newer delay sensitive gaming applications, and of course the general increase in the demand 

consumption. For cable operators traditionally met this demand growth through adding additional carriers 

to the CMTS DOCSIS 3.0 service group (which increases the effective downstream capacity for the subs 

on the given node) or by splitting the node. Adding carriers to the service group increases power 

consumption at the CMTS level and node splitting (which adds additional actives in the field) requires re-

assessing the outside plant (OSP) power architecture 

. 
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Competition: In addition to the growing 

needs of existing subscribers, operators are 

facing growing challenges from other 

competitors who are continuing to offer 

higher capacity capability like Gigabit 

service offerings.  In order to stay 

competitive, network operators must match 

with the access capacity plan of their own 

services. These bandwidth wars are on-

going in the Telecom industry right now. 

Cable Labs recently upped the game by 

announcing the 10G capable networks by 

2020 [1]. Such network capabilities in 

addition to transforming the access 

network, will also fuel new breed of next 

generation applications [2]. These next 

generation of fiber or coax (or a mix of 

both) access networks are creating newer 

active elements. These transformations 

will fuel the rethinking of the power 

architectures both in the facility and in the 

OSP. 

New service opportunities: To keep up 

the pressure on the topline and to stay competitive, network operators have to offer a range of new 

services and features.  On the residential side many operators have started offering new smart-home eco-

systems [3].  On the business subscriber side there is a huge demand coming from the growing adoption 

of cloud computing technologies.  On the mobile front, the increasing demand is driving proliferation of 

small-cells requiring ever increasing backhaul needs.  These are expected to explode with the coming 5G 

evolution [4]. These new opportunities are driving operators to rethink their access network architectures 

and hence their powering needs. 

2.2. So-what to the power architecture 

The powering architects in the cable industry are facing many challenges due to the access 

transformations. To summarize, they are faced with - 

- How to design for the future organic growth (Node splits etc.)? 

- How to support newer architectures (Fiber deep, FTTH etc.)? 

- How to cope with the unknown changes (business services, back haul services etc.)? 

- The goals being  

o Reducing faster powering refresh that leads to obsolescence, and increased OpEx 

o Reducing the overall power consumption or going green 

o Upgrading power solutions when needed – not early or not late, and 

o Open to future newer technologies 

Figure 1 Drivers behind the access network transformation 
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Some of the contradicting goals in such an environment include – reusability, grow as you need modular 

architectures, higher life time of the solutions to reduce obsolescence costs, and of course reduce the 

power consumption (while increasing the supported services). 

2.3. Scope of this paper 

Although the access network transformation impacts facility, OSP and in-home powering needs, in this 

paper we focus only on the OSP powering architectures. We intend to extend this framework and the 

analysis to the end to end needs in a later paper.  

This paper specifically focuses on - 

- Defining the scope of the powering problem in the current and future OSP access networks 

- The desired outcome of the powering solutions 

- Different metrics to measure the usefulness of a solution 

This is not anyway close to be a primer on powering, a solution manual or validation of different 

powering technical solutions. Our approach in this paper is to - 

- Create a framework for the evaluation of different powering options 

- Identify the current and future cable access powering needs, and 

- Provide preliminary guidance on the OSP powering solutions 

3. How to measure a power architecture success? 

Being a strategy consulting team (although we do have engineering degrees), 

all the time our customers ask us how to compare multiple solutions. In this 

paper before dwelling into some of the technical challenges the operators are 

facing, we would like to define a framework for the analysis of the future 

solutions. In our analysis, in addition to architectural needs, we would like to 

consider some of the strategic issues the access power architects are facing. 

These can be classified into architectural, financial and operational measures. 

Other metrics related to the greenness of the solution can be included in these 

three dimensions. In the following framework, we provide our thoughts on 

the drivers (refer to Figure 2 for summary) behind these three dimensions and 

their importance in the overall evaluation of an access powering solution. 

Keep in mind these metrics are not for the solutions at a point in time but for 

an access evolution path that your leadership has chosen. 

3.1. Architectural measures 

These measures evaluate a powering solution in the context of supporting the 

current access architecture and the future planned upgrades.  

- Feasibility: How feasible is this upgrade in their current network? 

- Ease of upgrade: How easy is it to extend to future needs? 

- Life time of the solution: How often one needs to upgrade? 

What drives the cost of a 

powering solution? 

Upgrades: In simple 

terms shelf life of a solution 

drives the upgrades and 

hence the cost. We need to 

consider how these solutions 

are upgraded in the context 

of the access transformation.  

SLAs: We are carrying 

traffic with different SLAs. 

Need to keep them up and 

running. Hence, power 

solution reliability is one of 

the essential drivers. 

Basic operating costs: 

End to end life time (5 or 10 

yr.) operating cost of a 

solution in many times keeps 

us, the architects, at check in 

picking the solution. 

 Figure 2 Drivers behind the metrics 
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3.2. Operational measures 

The operating metrics determine how a powering solution meets, at a minimum, the committed SLAs and 

offer a simpler maintainable solution.  

- Reliability: What level of reliability needs to be considered to meet the SLAs? 

- Complexity: What are the maintenance complexities? 

- Failure recovery: How long does it take to recover from failure? 

3.3. Financial measures 

The financial measures provide the investment overlay (total and time-adjusted) views of the solution 

over a long-term transformation. 

- 5 Yr. CapEx: What is the 5 Yr. capital expenditure of the solution? 

- 5 Yr. OpEx: What is the 5 Yr. operating expense of the solution? 

o Including the obsolescence and disposal costs  

- TCO NPV: What is the net present value (NPV) costs over 5 yrs.? 

4. Current and future cable access powering needs 

With the high-level view on the metrics, in the following sections we briefly touch the network evolution 

options and their impact on the powering solution in turn motivating the proposed metrics.  

4.1. Current outside plant powering needs 

The current cable HFC outside plant deploys numerous active devices throughout the network that need 

to be powered.  Starting with the optical node that converts the signal from optical to electrical for 

transmission over the coax network. That is followed by a series of RF amplifiers that ensure the signal 

level is maintained before reaching the subscriber.  These amplifiers are spread throughout the cable 

plant.   HFC networks are classified as N+X, where x is the maximum number of amplifiers the signal has 

to pass through between the node and the subscriber.  Typical nodes in most operator’s current network 

range between N+2 and N+7. Some operators also support land-line telephony services using a Network 

Interface Device (NID) mounted outside a subscriber’s home that also has to be powered.  Use of these 

devices has mostly been phased out in favor of new voice-over-IP (VoIP) services. 

Operators use a variety of powering arrangements to support the above active devices in the outside plant 

[5].  Power is typically supplied from outside plant power supply units that are either centrally located or 

distributed across the network.  These power supply units use a metered connection to the electrical 

power grid and convert it to a 60V or 90V AC quasi-square-wave signal to be transmitted over the coax 

network.  Due to the high resistive loss in a large network, operators either deploy distributed power 

supplies or use special heavy gauge powering coax cable (Express cable) to distribute the power over 

longer distances. The outside plant power supplies typically also include a battery backup to provide 

power in times of electric grid power loss. 

Until now, the operators are defending their product and growth needs though node splits or carrier 

additions. Many of them have upgraded their current network to DOCSIS 3.1. In such a simplistic 

evolution the operator has less challenges to face. 
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4.2. Future outside plant powering needs 

As discussed above, network operators must constantly upgrade their networks to keep up with the 

demand [6].  Several technology and network architecture options are available that can extend the life of 

the HFC plant many years into the future [7].  They are constantly faced with many upgrade scenarios 

based on their current status and the future needs. In the following sections we assume an operator is 

evolving into an eventual 10G symmetrical speed offering capable network. Although we do not elaborate 

more on non-powering related concerns in this paper, we recommend you refer to the impact of 10G 

evolution from financial, operational etc. points of view in [8].  Let’s look at the powering impacts of 

these upgrade options. 

The fundamental building blocks that are available for the operators on the HFC networks to reach 10G 

capable access networks are: 

- Continual node splitting: Continue with the node splits which reduces the service group size 

- Spectrum upgrades: Increase the spectrum to 1.2GHz, 1.8 GHz or 3GHz with the mid-split or 

high-split in the upstream direction, and full duplex (symmetrical spectrum) capabilities 

- Fiber deep upgrade: Split the current node to N+0 configuration in one upgrade action 

Node split powering: As described above, a node split upgrade requires adding a new node near the 

existing congested node.  The new node must be powered – typically this is a simple exercise of adding 

the new node to the existing power supply by extending a power feeder cable.  In cases where the power 

supply capacity is not enough, the power supply can be upgraded as well.   

Spectrum upgrade powering: In case of spectrum upgrades, the powering impact is mostly limited.  For 

mid-split, high-split, and spectrum reuse upgrades there is little or no change in powering.  However, for 

extended spectrum or full-duplex DOCSIS upgrades there can be significant impact. Extended spectrum 

support will require new active devices that need to transmit additional high frequency spectrum.  This 

also needs to be transmitted at higher transmit power in order to compensate for the higher transmission 

loss at higher frequency.  This means increased power needs for the node as well as all the amplifiers.  If 

the existing power supplies cannot deliver additional power they will need to be upgraded.   In addition, a 

design evaluation of the coax plant will have to be done to identify and rectify any power transmission 

issues. 

Fiber-deep upgrade powering: Of all the upgrade options, a fiber-deep upgrade has the most significant 

impact on the outside plant network powering.  Fiber-deep upgrades require locating nodes much deeper 

in the network such that there is no need for any coax amplifiers.  This requires pulling fiber much deeper 

in the network.  Nodes in a fiber-deep configuration typically serve only between 40 to 50 homes each.  

This is a big reduction from the typical 500 – 1000 homes passed node configurations of today.  While 

this results in removal of all amplifiers in the network, the amplifiers are replaced by many new high-

power nodes.  A typical 500 homes passed per node can get split into 10 to 12 fiber-deep nodes.  The new 

high-power nodes more than make up for the power savings from the removed amplifiers – and in most 

cases the power requirement goes up significantly.  Furthermore, the power needs are also at different 

points in the network.  This requires re-design and re-build of the power feeding coax plant in addition to 

any power supply upgrades. 
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4.2.1. New services powering needs 

10G capable network will be used for different next generation service offerings. Some of these services 

will add additional powering requirements to the network. 

Significant new requirements will come from supporting the small-cell backhaul needs of mobile 

networks.  The number of small-cells is growing rapidly in many areas and they are likely to grow even 

faster with the upcoming evolution to 5G.  Quite often, the existing cable HFC network is used to 

backhaul the traffic.  Each small-cell node also needs to be powered.  These can be powered either using a 

dedicated metered connection or by using the existing HFC plant power. 

There are also some business applications requiring active network devices, such as switches and routers, 

to be installed in the outside plant.  These devices will also need to be powered. 

4.2.2. Estimating the powering impact 

As described above, 

each network upgrade 

option has a powering 

impact.  In order to get 

a better view of how 

much impact there is 

for various upgrade 

actions, we compiled a 

simple model of all 

active devices in 500 

homes passed N+x 

node.  Then we 

estimated the power impact based on device 

changes required for each upgrade scenario.  

Figure 3 shows the results for our sample scenario.  While these results are based on simple assumptions 

which cannot be generalized, they illustrate the significant impact network upgrades can have during the 

life time on their powering needs.  

4.2.3. Planning for future powering needs 

Outside plant network upgrades come at a significant cost.  It is therefore critical to plan these well.  As 

stated earlier, network upgrades are not one-time events.  Operators will need to evolve their network 

over many years.  It is therefore essential to take a long-term view on planning [6].  Quite often what may 

appear to be an optimal solution in the near term may end up being a highly regrettable investment in the 

long-term. 

As such, operators will have to make a best-effort forecast into their network needs in the long term.  

They will then need to determine the optimum network upgrade strategy which will deliver the necessary 

capability at the right time.  This is not a simple exercise given the broad range of upgrade options to 

choose from.  What makes it even more complex is the multi-stage upgrades that will be done over the 

long-term.  What will be the consequences of doing upgrade-A followed by upgrade-B and C?   In Figure 

4, we have highlighted two upgrade paths an operator can take to reach 10 G capabilities.  

Figure 3 Estimated upgrade impact on a node 
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Figure 4 Example of the network upgrade options to reach 10G capability 

We use these two upgrade paths to evaluate the quarterly powering needs of a 50K homes passed facility. 

Preliminary results are presented in Figure 5. Note that this consumption needs, is only one aspect of the 

analysis. There will be other metrics, as highlighted before in evaluating a powering solution. That said, 

having a clear macro and micro goals (in the dimensions of the metrics provided before) along with a 

clear understanding of the drivers behind the consumption as highlighted in the graphs are crucial for a 

proper selection of the powering solution. Note that selection heavily depends on the current status of the 

operator’s network. 

5. What is next for the power architects? 

World energy consumption has been growing at an unsustainable rate over past many years.  This has 

been leading to serious concerns about future energy availability and environmental impact.  The cable 

industry is a significant energy user.  Having recognized the challenge, the cable industry launched the 

SCTE Energy 2020 program [9] to address the end-to-end energy usage.  The Energy 2020 initiative has 

done a lot of work to address optimization of energy usage in the cable industry.  A few key 

developments that can minimize the powering impact of the upcoming network upgrade include: 

- Adaptive Power System Interface Specification (APSIS) standard [10]: This standard enables 

active network devices to monitor, report, and control device power usage based on network 

utilization.  Thus, during times of low network usage, devices can scale back their operations and 

reduce their power consumption.  Use of this capability can lead to significant energy savings. 

Figure 5 Quarterly projected power needs for an organic and extended spectrum upgrade paths 
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- Micro grids [11]: In this case alternate energy sources such as wind or solar are used to power 

network devices locally instead of using the electric power grid.  This can significantly reduce the 

electric grid power usage while providing a power backup capability. 

5.1. Next steps and recommendations 

We recommend the following steps be taken by the operators and the standards forums – 

- Align with your company’s access strategy: As explained in this paper, a powering solution 

cannot be an afterthought or a point solution. It needs to align with the transformation strategy 

being developed by the operator’s access team. 

- Consumption is not the only metric you need to optimize: Albeit, consumption reduction is one of 

the main goals of the next generation energy strategy, the powering solutions need to be evaluated 

in the context of the architectural, operational and financial metrics as mentioned. 

- Plan long-term powering solutions before making the short-term next steps: Gaining a clear 

vision on the long-term powering needs and their impact on the metrics is essential to make the 

short-term decisions. 

As a next step, we are working on the next iteration of this analysis with the facility powering 

considerations along with the OSP needs in the forth-coming paper. 
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