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Planning for Gigabits
A new generation of network planning software reduces the time, effort and cost of 
planning community fiber networks. 

By Kermit Ross / Network Design Decisions Inc.

The Internet and its underlying 
technologies will define and shape 
the society and the economy of the 

United States in the 21st century. Broadband 
connections to support high-speed Internet 
access will be vital to the success of the 
communities where citizens live and work. 
The nation’s commitments to equal economic 
opportunity, educational advancement and 
democratic participation can be realized only if 
everyone has high-speed access to the Internet 
and the information and services that it delivers.

In the fiercely competitive global market, 
consumers and businesses can purchase a broad 
range of telecommunications services – voice, 
Internet access, HDTV, streaming video, 
online gaming and so forth – from a local 
telco, a cable system operator or any of several 
wireless operators. This doesn’t mean that 
high-speed Internet connections are available 
to everyone or that the ones that are available 
are fast enough for the demands of the future. 
The United States ranks 16th in the world in 
Internet penetration, according to data from 
the Organization for Economic Cooperation 
and Development. Many countries have better 
and faster Internet connections, and many 
international cities have Internet connectivity 
superior to any U.S. city.

The United States needs high-speed Internet 
connections for homes, schools, hospitals and 
workplaces. In an Internet-driven world, the 
better the network, the better the prospects for 
economic development. Speed defines what is 
possible on the Internet and will be the measure 

of the 21st-century networks needed to create 
the jobs and support the innovation a growing 
economy requires. How much speed will we 
need? The consensus is that we need to build 
networks capable of delivering up to a gigabit to 
anyone who needs or wants it.

In the 21st century, high-speed Internet 
access will be a critical resource that people and 
businesses consume just as they consume water, 
electricity and other public utilities. In the 20th 
century, cities and towns assumed responsibility 
for the public infrastructure for streets and 
sewers, clean drinking water, electricity for 
lighting, public safety and other utilities. In the 
21st century, many cities will choose to take 
responsibility for the infrastructure that ensures 
that citizens, businesses and institutions have 
high-speed access to the Internet. 

The bottom line is that, in the future, fast 
and inexpensive Internet access will be a key 
determinant of a city’s economic health and 
quality of life. The infrastructure needed for 
citywide Internet access will take time to build 
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and substantial investment, so careful 
planning is essential. The time to start 
is now. 

THE CHALLENGES OF 
PLANNING
Planning a citywide network for high-
speed Internet access is an enormous 
challenge. Many cities have neither 
the expertise nor the experience to 
do this planning in-house, so they 
need to invest in tools and/or outside 
consultants just to get started. Planning 
is critical, as even larger investments 
will be required for network 
engineering and construction. 

Any city should leverage 
investments it has already made 
wherever possible. Most cities have 
invested in GIS technology and 
software to convert maps and records, 
so existing infrastructure must be 
identified and integrated into the plan. 

Estimating and forecasting 
costs and revenues are also of major 
importance. Costs are often estimated 
based on rules of thumb or engineering 
judgment. These methods are seldom 
good enough to justify the substantial 
commitments a community must make 
to a project. A lot is at stake, and city 
leadership needs to know what a project 
will cost to build its business case on a 
solid foundation. 

Cities must plan for the long haul 
and build infrastructure to handle 
both present needs and future growth. 
Such planning may increase the overall 
complexity and initial investment for 
the project, but it will dramatically 
reduce the overall costs.

City leaders and planners must also 
decide which network architecture 
and technologies to use. Any single 
technology is unlikely to suit all 
applications, as a citywide network 
serves a combination of residences, 
businesses and institutions, scattered 
across the GIS footprint, with varied 
needs for services and connection 
speeds. These early decisions about 
architecture and technology also add 
to the complexity of the planning 
process but will have profound and 
lasting effects on the costs and overall 
results of the project. For example, 

getting fiber into community anchor 
institutions – public buildings, 
schools, libraries, hospitals and so 
forth – is often the first priority. The 
fiber backbone that connects these 
institutions is then available as the 
jumping-off point for distribution 
networks to reach residences and small 
businesses throughout the community.

A NEW BREED  
OF PLANNING TOOLS
Thus, a city thinking about putting a 
broadband Internet access network in 
place has a set of complex and critical 
decisions to make, and it must make 
many of them very early in the project. 

Until recently, network planners 
had nothing but maps, spreadsheets 
and calculators to assemble the data 
to inform these critical decisions. 
Although software is available to 
design networks, manage projects and 
inventory assets, these systems assume 
that planners have already decided 
which architectures and technologies 
they will use, where fiber cables will be 
routed and where network nodes will 

be located. 
Now a new breed of software tools, 

developed specifically for planning high-
speed Internet networks, is emerging. 
For example, Network Design Decisions 
Inc. recently released NOCPlan XS, a 
planning and decision support system 
for high-speed Internet networks. 

The planning process starts with 
assembling a set of data for the service 
area and loading this data into a project 
file. This data is organized and presented 
in layered GIS format, with roads 
and streets overlaying the geography. 
Some municipalities already have this 
data assembled in publicly available 
databases. Otherwise, it is readily 
available from the U.S. Census Bureau. 

Figure 1 shows a typical project  
file for a medium-sized city in the 
southern United States. The city’s 
population is about 65,000, with 29,000 
households, 3,400 business locations 
and 100 anchor institutions and cell 
towers. The city is considering building 
an all-fiber network throughout the city 
to connect residential customers and 
businesses with GPON technology and 

Figure 1: A typical project file for a medium-sized city in the South 

Planning for the long haul may increase  
project complexity and initial investment but 
will dramatically reduce the overall costs.
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anchor institutions and cell towers with 
direct fiber.

Many cities have existing assets and 
infrastructure, such as rights-of-way, 
poles, ducts and unlit fiber, that can 
be used for Internet networks. They 
may also have reasons to prefer certain 
cable routes and equipment sites – for 
example, they may prefer to place 
outdoor cabinets at street intersections 
rather than mid-block or route new 
fiber cables through a city-owned 
conduit. These assets and preferences 
can be incorporated into the project 
file’s constraint layer, which overlays  
the roads and streets. The software will 
use, wherever possible, the routes and 
sites in the constraint layer as it plans 
the new fiber and equipment for the 
city’s network.

Finally, demand layer data is 
gathered and loaded into the project 
pile. Demand data is derived from 
public and commercial databases and 
geocoded for the project file. Demand 
data can be segmented by customer 
class – households, business locations, 
community institutions or wireless 
sites. Customer classes can be further 
qualified according to the services 
available to each class. Residential 
households and small business locations 
can be expressed as “demand points” 
or “census blocks” in the GIS layer. 
Customer classes can be color-coded for 
easy visualization in the project file.

Once the project file is assembled, 
the planner can choose the architecture 
and technologies to use and can 
establish design rules for their 
application. These architecture and 
technology choices are defined in 
connection models, which specify the 
logical and physical elements of the 
network – that is, the network nodes 
and the fiber cable links. The planner 
can choose different connection models 
for different customer classes or for 
customers in different geographic areas. 

Once the user has chosen the 
connection models and set the design 
rules, the software computes an 
optimized network of nodes and links 

to connect demand points to the central 
node of the network. In the example 
given, the optimized solution will consist 
of several remote optical line terminals 
(OLTs) positioned so that, ultimately, 
all households and small businesses are 
reachable by GPON connections from 
the remote OLTs and all community 
institutions and cell towers are reachable 
by direct fiber connections. 

Once an optimized set of network 
nodes has been located on the GIS 
layer, the software computes an 
optimized set of fiber cable links to 
connect the nodes to the network. 
Figure 4 shows one of the three fiber 
trees required to connect the remote 
OLTs, community institutions and cell 
towers in the example city.

When the backbone fiber and 
remote OLTs are in place, the city can 
plan, engineer and build the distribution 
networks for the remote OLTs at its own 
pace and based on its own priorities. 

Advanced planning software such 
as NOCPlan XS will plan a gigabit city 
network in just minutes, using points 
and clicks. This represents a small 
fraction of the time and effort required 
by the old map-and-calculator method. 
It can also assign physical properties 
and costs to links and nodes to produce 
a bill of materials and detailed cost 
estimate for the project. Alternative 
scenarios can be quickly and easily 
modeled, and the planner can choose 

Figure 2: The demand layer shows where customers are likely to demand services. 

Figure 3: Remote OLTs are positioned so that fiber can reach all households and businesses. 
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the best solution for the applications. 
Take rates and revenues can be forecast 
by customer class across a multiyear 
planning interval to compare business 
cases and returns on investment of 
alternative scenarios.

Comprehensive information and 
data about planned projects are always 
and immediately available. City leaders 
and planners know in real time what 
decisions are made and their expected 
outcomes. This information is available 

in an extensive menu of maps, drawings, 
schematics, charts and reports.

This provides a consistent 
planning methodology for municipal 
broadband networks, using the inputs 
of geography, demand, architectures, 
technologies and connection models. 
The result is a comprehensive plan for 
routing and sizing fiber cables and 
locating active or passive network 
nodes, expressed in the form of maps, 
drawings and reports. 

In sum, an advanced planning 
solution can substantially reduce the 
cost, effort and time to plan, engineer 
and build a gigabit city. v

Kermit Ross is president of Network 
Design Decisions Inc., which  markets 
21st-century software tools to plan FTTx 
networks for telcos, cable operators and 
gigabit communities. Kermit can be 
contacted at kermit.ross@nocplan.com.

Figure 4: A fiber tree shows connections from OLTs to community institutions and cell towers. 
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