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Quick Tour

The recognition that broadband access to the Internet is a critical driver to economic development, shared
opportunity and a desired quality of life across our nation is pretty much a given today. An understanding of where
broadband exists —and more importantly, where it does not exist — is still emerging. There are a number of state
broadband mapping initiatives underway and, in time, these efforts will bring more clarity to the problem —and
the opportunity. In advance of that however, pursuant to defining Congressional action, national policies must be
explored and new directions established consistent with emerging national priorities. As a result, there is an
immediate need for an actionable understanding of where broadband access is lacking across the country — what it
will take to fill the access gaps and what the likely economic outcomes of such a broadband augmentation might
be. This is the mission of the Broadband Assessment Model (BAM).

e Where (specifically — at a Census Block level) is broadband access lacking across the entire country?
e What contemporary technologies are available and appropriate to efficiently fill those gaps?
e What new network facilities will need to be built to provide sustainable/affordable access?
e  What will it cost to deploy those networks?
e  What will it cost to operate those networks?
e What revenue will accrue from the new customers on these new networks?
e  Will the resulting business opportunities make economic sense?
..these are the questions the Broadband Assessment Model (BAM) is being asked to help resolve.

Diversity abounds. We are a large and very diverse nation. Our diversity exists across our populations (e.g., urban
vs. rural) and across our geographies (e.g., terrain, degree of rurality, etc.). On top of that, the various commercial
interests available to serve the consumer’s broadband need have a wide array of viable technologies at their
disposal. Contemporary technologies range from longstanding wireline solutions (e.g., xDSL and fiber) to a range of
cable based solutions (e.g., DOCSIS 2.0 or DOCSIS 3.0 ) to a number of emerging wireless/mobility solutions (e.g.,
wireless 4G technologies). All of this diversity can and will impact the cost to deploy and operate new broadband
networks. And all of this diversity can and will impact the revenue that might be anticipated from such
deployments. These are important issues for the companies that provide broadband access. These are important
issues for the nation’s policy considerations. Specifically, what public policy actions ranging from grant funding to
regulatory changes to public/private partnerships will result in cost effective, responsive and sustainable
attainment of the nation’s broadband goals? And hence these are important issues for the nation’s citizens and
business interests. The BAM is built to acknowledge and accommodate the substantial diversity across geography,
business needs, and among consumers. Specifically:

» The model baseline includes 8.2 million Census Blocks — each profiled using unique/relevant demographic,
geographic and communications infrastructure detail (such as population, housing counts, road density,
business counts, etc) — detail that is vital to accurately modeling cost effective, sustainable and efficient
broadband augmentations appropriate in different regions of the country.
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> The model builds a view of existing broadband coverage (and hence, coverage gaps) through an
exhaustive analysis of technology-specific data including wireless and cable system deployments and
sampled wireline (xDSL) broadband coverage that is extended to a national view by way of multiple
speed-dependant statistical models.

» The model incorporates six relevant technology opportunities — including a variety of ‘fiber to the [x]”
alternatives designed to extend fiber transmission benefits (e.g., speed) deeper and deeper into the
network. The service capability of the different technologies is also considered later in the model when
revenues are determined.

» The model replicates real-world engineering practices to ‘build’ (model) network deployments including
the consideration of network component exhaust points that drive network costs through time as
demand and use expand. Each deployment is also scaled to reflect the realities on the ground at the
Census Block level as well as meeting the selected broadband speed outcome.

> The model uses real world operating cost factors built by a careful examination of available operating cost
information specific to each technology (e.g., wireline vs. wireless vs. cable). The model also considers
unique factors such as company size, customer density, terrain and of course, technology deployed in
estimating operating costs.

> The model determines likely revenues by application of a well informed average revenue per user (ARPU)
function (provided by the FCC broadband team) and associated take rates and related impacts unique to
the Census Block for which new broadband service is being deployed. The estimated average revenue per
user and associated take rates incorporate the realities of differing capabilities including voice, video, data
and bundled offerings enabled by the alternative broadband technology options.

» The model concludes with the computation of an estimated economic contribution margin for each
unserved Census Block in the country based on modeled (technology specific) network augmentations
and the resulting incremental capital related costs, operating costs and associated incremental revenue.

The underlying data base is among the largest, most granular and robust ever assembled on a consistent national
scale. The underlying database is several hundred GB in size and 1-8 hours processing time is required to run a
single scenario for the entire country (e.g., a selected broadband speed for a selected technology solution for a
selected study period, etc.).

The documentation that follows provides more insight into how the model is designed / how it works — and why.

For the reader’s benefit, we have provided a glossary of terms used in this document as BAM Attachment 1.
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Background / Context

The purpose of this material is to document the Broadband Assessment Model (BAM). As a backdrop to this
material it is important to establish a clear context for this work.

In the American Recovery and Reinvestment Act of 2009 — known as the stimulus package — Congress charged the
Federal Communications Commission (FCC) with creating a national broadband plan (the Plan). In April 2009 the
FCC began work on a national broadband plan designed to ensure that every American has access to broadband
capability. Targeted for delivery to Congress in 1Q 2010, the goal of the Plan is to provide a roadmap toward
achieving the goal of ensuring that all Americans reap the benefits of broadband. The Recovery Act requires the
Plan to explore several key elements of broadband deployment and use including:

e The most effective and efficient ways (e.g., technology alternatives) to ensure broadband access is
available to all Americans.

e Strategies for achieving affordability and maximum utilization of broadband infrastructure and services.
e  Evaluation of the status of broadband deployment, including the progress of related grant programs.

e How to use broadband to advance consumer welfare, civic participation, public safety and homeland
security, community development, health care delivery, energy independence and efficiency, education,
worker training, private sector investment, entrepreneurial activity, job creation, and economic growth,
and other national purposes.

As an element of their work to craft the Plan, the FCC commissioned the assembly of relevant data and the
development of an economic model to (1) establish the baseline of current broadband deployment in all
geographic regions of the nation and (2) determine the “forward looking” economics of supplying broadband
capacity to currently unserved areas. This material provides documentation on the resulting Broadband
Assessment Model (BAM) which was developed by CostQuest Associates (and their modeling team) under the
direction of FCC staff. Consistent with the directive Statement of Work, the model is designed, built and executed
at a sufficiently granular level, both geographically (e.g., at the Census Block level) and economically (e.g., to
account for scale benefits and the coarseness of actual capital investment), to ensure sufficient precision of results
to accurately identify incremental economic costs and incremental revenues associated with broadband
augmentation within sub-state economic regions.

The primary purpose of the BAM is to support federal agency and congressional policy considerations relevant to
the deployment and adoption of broadband across the nation'. To fulfill this purpose the model is designed to (a)
approximate the size of the national broadband challenge under different scenarios of speed, degree of national
coverage desired and relevant perspectives on competition and (b) develop an estimate of the financial
implications (costs and revenues) associated with providing broadband to areas presently not served by adequate
broadband speed and capacity required to fulfill national purposes.
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High Level Overview

The BAM modeling processes are organized around four integrated modules; Baseline, Cost to Serve, Revenue, and
Assessment. Associated with each module is an underlying input data set and specific model architectural design
parameters that are applicable to the implementation of one or more technical estimation modules. A thumbnail

sketch of each of the four “Modules” and the intended output is described below.
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Module 1 - Baseline

The Baseline Modules identify and characterize broadband services by Census Block. (Census Blocks are pre-
established contiguous regions comprising about 35 inhabitants on average.) Services are characterized by
download speed and type of technology used. Cable and wireless broadband service data are obtained from
published sources (see BAM Attachment 2). No comparable national coverage data source for wireline
telecommunications (i.e., xDSL) exists. Consequently, it was necessary to estimate broadband coverage availability
and speed in each Census Block using statistical methods.
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The statistical method employed utilized the best available data on xDSL availability for a subset of the country
(the dependent variable), in combination with data that would be generically available for the entire country (the
independent variables). Census Block level data on xDSL availability were obtained for Alabama, Pennsylvania and
Minnesota.

Independent variables were selected by identifying variables found to be significantly related to broadband
availability in published (primarily peer-reviewed) studies and by incorporating additional variables suggested by
economic or statistical theory. Collectively these variables provide information about demographics, wireline
infrastructure, and business activity. They are available at differing geographic levels of aggregation, including
Census Blocks, Census Block groups, Census tracts, and wire centers. The Census units are nested (blocks within
block groups within tracts), making it possible to relate data at one level to data at another level. However, wire
center boundaries do not ordinarily conform to the Census division of geography. Therefore, the level of statistical
analysis was chosen to be the intersection of blocks and wire centers, termed “fragments” for this work. To provide
results for individual blocks, xDSL (at any given speed) is deemed available within a block if it is estimated to be
available at that speed at any point within the block’s fragments.

Due to the nature of the data, the statistical modeling predicts the presence or absence of DSL at predetermined
speed thresholds. The method used is logistic regression. Its output is subsequently fine-tuned to minimize the
numbers of expected prediction errors. When combined with the cable (Media Prints Cable Block Group
Boundaries) and wireless coverage data (American Roamer, Advanced Services), the result is a geographic profile
of served and unserved Census Blocks throughout the entire nation together with numerous demographic,
business and infrastructure attributes of these blocks and their surrounding areas (block groups, tracts, and wire
centers).

Module 2 - Cost to Serve

Based on relevant demographic, geographic and infrastructure characteristics associated with each identified
unserved area and based on coverage requirements defined by a set of user assumptions (outlined below),
augmentation investments and estimated operating costs are developed for each unserved Census Block.

This section of the model begins with contemporary topology-specific augmentation networks being ‘built’
(modeled using output from CostQuest’s industry recognized CostPro platform) according to real world
engineering rules, constraints and key characteristics of the three modeled technologies (i.e., copper wireline,
wireless and fiber). Designed network solutions were developed for contiguous unserved areas and where
appropriate, these augmentation network costs are applied using allocation methods to the Census Block level. For
each modeled technology several alternative topologies are built in this process (e.g., FTTn and FTTp in the telco
sector, FTTp in cable, etc.) An estimated incremental capital expenditures (‘capex’) required to meet a discrete
speed standard set by the user for a model run is developed within this Module. In a corresponding component of
work within this Module, operating costs (‘opex’) for augmentation areas are estimated for each of the three
technologies — based on certain user defined criteria (e.g., company size) and based on certain census-block
specific profile data (e.g., terrain, available fiber).

Module 3 - Demand and Revenues

Associated with each choice of augmentation investment is a set of corresponding incremental revenues. The third
BAM element estimates incremental demand and revenues associated with data, voice and video services
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delivered over the modeled technology. Revenue received as a result of a network augmentation is a function of
the average revenue per user (ARPU) and estimated market penetration (i.e., take rates) for broadband services.
Take rates as well as potential revenues vary with customer characteristics (e.g., Income, education, or age) and
the product capabilities (e.g., voice, video, data or bundled services) enabled by the technology applied. Take rates
and the resulting ARPU are developed and output in the third model component at the Census Block level to
correspond with the cost of service estimates developed under comparable assumptions Module 2.

Module 4 - Assessment

Outputs developed from the preceding Modules are brought together in the final model phase. In this final
Module, the incremental cost of an infrastructure augmentation is rolled up (into a chosen ‘market area’) to form a
total incremental cost of augmenting infrastructure to a defined speed. Each such augmentation is developed
using the least cost technology available with the capability to meet the required broadband speed and product
capabilities within the market area. Similarly, with corresponding assumptions of technology and market area, an
estimate of total incremental revenues associated with each broadband infrastructure augmentation is developed.
Costs and revenues of each market area augmentation are profiled over a user-defined period. Both the resulting
cost and revenue streams are “levelized” to provide comparable fixed annual values estimated at the appropriate
geographic area for defined model horizon. The resulting levelized cost compared with the levelized revenue will
produce a positive or negative economic contribution margin associated with the delivery of broadband service in
a currently unserved area. The economic contribution margin for a specific area can be either zero, positive or
negative depending on the incremental cost of deploying the augmented network relative to the potential
incremental revenues to be gained from that augmentation.
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Technical Architecture

As noted in the introductory section, within each of the four broad modules there is at least one key analysis
module.

Module One: Establish baseline view of unserved areas by Census Block:

GIS Module ...to compile and develop relevant data related to unserved areas to be used in
downstream modules in determining broadband augmentation revenues and
costs.

Wireline Coverage Module ...to predict xDSL broadband coverage (by speed) based on a robust statistical
analysis of available xDSL data and other relevant information.

Module Two: Model network and determine costs to serve

Investment Module ...to develop / design a set of augmentation network topologies (and related
capex costs) for each of alternative technologies (e.g., telco, wireless and cable)
for the delivery of broadband to unserved areas and to allocate such costs to
unserved Census Blocks.

Operational Cost Module ...to estimate operating costs (opex...and related cost drivers) for various
provider types and sizes and Census Block profiles across the different
technologies relevant to the provisioning of broadband in unserved areas

Module Three: Determine demand and revenue

Demand and Revenue Module ..to determine estimated demand and revenue characteristics in augmentation
areas based on assumptions regarding ARPU, take rates and penetration
(developed by related initiatives within the FCC)

Module Four: Develop assessment of economic margin

Assessment Module ...to integrate inputs from all upstream modules relevant to user electives (e.g.,
by technology, by size of provider, etc.) and compute an economic margin using
estimates of revenue, capex and opex for broadband augmentation in unserved
areas.

In terms of data flows an overview of the model is provided below. Attachment 3 provides a more detailed view of

data relationships within the model. As noted earlier, see also Appendix 2 for an overview of model inputs/data
sources.
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Network Architectures

The BAM is designed to model expected outcomes in terms of broadband coverage and related financial
expectations (i.e., revenue, capex, opex and economic contribution margin) for contemporary wireline, wireless or
cable deployments to fill broadband gaps in unserved areas.

To understand model outputs it is crucial to understand the underlying technologies and their contemporary
deployment alternatives. The schematics that follow reflect the fundamental technology architectures (topologies)
assumed within the BAM. Nodes (e.g., Node 0 thru Node 4) are used to help bridge the understanding of
functionality across differing technologies. The “nodes” are significant in that they represent the way in which
costs are assigned / aggregated to enable neutral comparisons across technologies.

Relevant landline/telco ‘fiber to FTTd Archi’rec’ru re
the...” alternatives include fiber = B—

to the DLC

|
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Internet
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And in the wireless / AG Archi’rec’rure
mobility sector the 4G

architecture is as follows:
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MUX — Multiplexor
WG - Voice Gateway — GR303 I
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BAM Design and Logic

The four primary model Modules (and the underlying modeling processes) are discussed in this section. Where
relevant the discussion will touch on the purpose (the fundamental goal of the component), the strategy (the high
level logic, data development and computational strategy employed) and relevant inputs and outputs. As
additional context for the material that follows it is important to understand the nature of design criteria and
simplifying assumptions that underpin the logic.

Design Parameters

Determining the most efficient network configuration to augment infrastructure in unserved areas to achieve a
designated speed requires consideration of certain design criteria (e.g., the development of specific design
parameters) consistent with three broad principles:

Economically efficient forward-looking network engineering

A key principle is that the modeled augmentation network must be both cost effective and efficient and designed
to achieve a desired standard of speed / reliability. Accomplishing this includes the consideration of issues such as
if the build is in a greenfield or brownfield area; population density within the market area; terrain characteristics;
available infrastructure in adjacent areas, size and technology-type of firm providing telecommunications as well
as assumptions about the use of existing broadband capable network elements (e.g., an existing fiber node as a
point to aggregate the transport of newly deployed services to a network core).

Reflective of prudent business practices

Another important principle is that the modeling of economic costs assumes business decisions are made in a
prudent manner consistent with choices that would be made by a viable company facing at least the potential for
market competition, even in areas where that competition may not exist in reality. Key to this is the model’s
adherence to contemporary engineering practices.

Consistency with known public policy decisions

And a final important principle is that the modeling of broadband network economic costs and incremental
revenues must also consider (and fit with) the foreseeable public policy and regulatory environment. For example,
federal and state universal service policies can selectively influence costs (both opex and capex) for individual
companies as well as economic choices among alternative network technology options for individual
telecommunication companies. Public policy choices to provide grants, loans, tax incentives, technical assistance,
regulatory flexibility and other mechanisms to encourage expanded utilization of broadband communications
within anchor institutions such as schools, universities, or hospitals can change the demand-side revenue equation
for supplying telecommunications companies. Inconsistency among state telecommunications regulatory and
policy frameworks in areas such as rate-of-return regulation, carrier of last resort obligations, parity of access rates
and so forth can influence OPEX and investment choices selectively in different geographies.

With consideration of these three broad principles, the logic-block specific sections that follow include an
inventory (and brief discussion) of the design parameters identified as important to the BAM model. These design
parameters served to frame the modeling approach and process.
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Assumptions

The logic which underlies the operation of the BAM also incorporates certain simplifying assumptions. Simplifying
assumptions fall into at least two general categories:

Assumptions necessary to address data limitations

The best available data to support the development and analytical implementation of the BAM has been
assembled. The data sources are documented in relevant Appendix material. However, the modeling of real world
telecommunications costs and revenues is complex making it necessary to formulate and employ assumptions to
accommodate data limitations. For example, both costs and revenues are projected over a user defined time
period. Precise data on future costs and revenues does not exist. While a combination of statistical estimation
approaches and expert industry knowledge are incorporated into those projections, it is generally necessary to
assume that the fundamental industry and policy structure will continue into the future.

Assumptions necessary for practical modeling

A second category of assumptions are those required to reduce real world complexities to a level that can be
handled for practical model development. For example, the actual level of sharing of buried plant in a brownfield
augmentation could vary substantially across geographic areas. However, for practical modeling considerations, it
is necessary to adopt assumptions on buried plant consistent with what has been generally accepted in regulatory
proceedings and tested against real world data. Without assumptions of this type, the development of the BAM
would be impracticable.

The more significant assumptions associated with each Module are outlined below. As an additional introduction
to that Module specific discussion it is helpful to understand the underlying strengths and weaknesses/challenges
within the overall model. The model assumptions make transparent limitations which should be considered in
utilizing modeled outcomes. Notably the precision of model outcomes will be impacted by the quality of available
input data. In general, these limitations will have a more significant impact on the precision of derived results at
the small area (such as census tract) than will be the case for larger areas such as larger market area, the state or
nation.

Strengths and Limitations

Through the model design and development process certain strengths and limitations emerged with respect to the
approach (and the underlying available information). These strengths and limitations are summarized below.
Additional insights into module-specific strengths and weaknesses are addressed in the relevant sections that
follow.
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Strengths

Granularity of Data

e Detailed data on telecom infrastructure (by technology), factors impacting capex and opex (e.g. terrain,
company size) and customer data (e.g. number of households, anchor institutions) are developed at the
Census Block level providing a level of assurance that results reflect the nation’s diversity.

e The application of granular data within the modeling process enables users to aggregate and scale
inputs/outputs to explore costs and revenues for different geographic boundaries (e.g. wire centers, counties,
BEA regions, states, etc.)

Consistency with real world engineering standards

e  For the terrestrial wireline technology, network inputs and the underlying logic used in the model have been
tested and confirmed in numerous federal and state regulatory proceedings.

e The engineered networks modeled for the wireless and cable technologies as well as cost data used for these
technologies were compared with real-world company data and determined (thru validation processes) to be
consistent with current practices.

Technology Neutrality
e The BAM model is inclusive of all major technologies (and related topologies) presently utilized and expected
to be utilized in the near future for the delivery of relevant broadband services/speeds.

Limitations

Inconsistent and Limited Industry Data

e Communications industry data for the three technologies (wireline, wireless and cable) is reported in different
formats, for different overlapping geographic areas and at differing levels of detail by technology creating
significant challenges in producing comparable results that are well aligned with model requirements.

e Relevant benchmark company-specific data used to validate model inputs was substantially more available for
wireline telecommunications companies than was the case for wireless and cable companies.

Availability of Customer Data

e National data does not exist to precisely pinpoint the location of both business and residential customers and
must be estimated using a combination of secondary data sources.

e Data is not readily available on the current type and volume of broadband services demanded by individual
customers at the Census Block level and must be estimated using statistical methods and proxy data.

Limitations in Predicting the Future
Future uncertainties exist in both broadband technology and customer service demand creating challenges in
forecasting broadband revenues and associated cost of providing services in outlying years.

Module One: Profile Census Blocks and Identify Unserved Areas

As noted above, in the initial Baseline Module of the BAM two key analysis modules (the GIS Module and the
Wireline Coverage Module).
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First, Census Blocks are inventoried and profiled with relevant demographic, geographic (e.g., boundaries) and
communications infrastructure data. Demographic and communications infrastructure data included in the Census
Block profile are selected to support downstream modeling of xDSL availability and investment / operating cost
estimates. Much of the communications infrastructure data (e.g., tower locations, wire center boundaries, etc.) is
shared with the Investment Model as discussed below.

Second, the model uses real-world xDSL deployment information and a series of logistic regression models to
predict baseline xDSL coverage (by speed) across Census Blocks. Wireless coverage and cable coverage is

developed in the GIS Module by reference to public information as outlined below.

A brief discussion of the two key processing modules in this Baseline Module is provided below:

GIS Module

Important design parameters

Important design parameters (i.e., guiding logic structure) for the GIS Module include:

Design Parameter

1 Census Blocks are the primary unit of data collection and presentation thereby allowing for granular
analysis of relevant information (e.g., infrastructure, demographic, and economic) that can then be
rolled up into larger geo-political areas as desired.

2 The model must have the ability to relate Census Blocks (the default unit of measure) to wire centers
and other geographic units relevant to the model logic and contemporary engineering practices.

3 Road networks are to be used as the basis to determine customer locations for purposes of
understanding demand and the related costs to serve that demand. This approach best reflects where
people live and how wireline networks are built.

4 National purpose sites are a targeted policy consideration for the National broadband plan and are to
be included as a unique attribute of the GIS database. The baseline model view must consider the
location and current broadband connection to national purpose sites across six categories (e.g.,

schools, libraries, healthcare sites, etc.).

Assumptions
Important assumptions for the GIS Module include:
Assumption
1 Published data sources on wireless and cable infrastructure represent the best available baseline data

at the Census Block level. As such public data sources represent a valid proxy for wireless and cable
infrastructure data and resulting broadband coverage.

2 Values can be derived for data sources only available for geographic regions larger than a Census
Block to be accurately attributed to individual Census Blocks within those larger geographic areas.
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Scope and Purpose - GIS Module

The fundamental purpose of the GIS Module is to assemble data in an accessible form for use and analysis by other
model processes (e.g., statistical estimation of wireline telecommunications (e.g., xDSL) coverage by Census Block,
the separation of brownfield and greenfield scenarios, etc.). Said another way, a primary role of GIS is to develop
and provide a rich dataset utilized as inputs to other modules as well as for statistical tests of assumptions and
profiling of results. As noted, most GIS data are collected, uniformly attributed and/or compiled at Census Block
level but are designed to be rolled up into larger geographic regions (market areas) for analysis and presentation
as needed. In addition to collecting, normalizing and storing data the GIS Module derives certain data (e.g. Certain
Census demographic data available for block groups is derived for the smaller Census Block geography). Beyond
inventorying data required by downstream modules, a central goal of the GIS Module is to stage and/or preprocess
data in a way that minimizes downstream run time within the Assessment Module.

Key data points included within the GIS Module include available state mapping data (i.e., from AL, PA, andMN).
These data are utilized for various validation tests and in the Wireline Coverage Module (described below) to
estimate the presence of xDSL broadband by speed. In addition, a wide array of demographic, geographic and
communications related infrastructure data relative to the Census Blocks that make up the states and territories
included in scope for the FCC BAM is identified and brought into the GIS Module.

Primarily GIS outputs are tabular data rendered as static maps, data tables, graphic images, text or other data
formats. Outputs are generally presented in the context of state databases. GIS outputs are designed to be
responsive to needs of other modules — including Wireline Coverage Module needs as it relates to the modeling of
DSL coverage.

As noted above, it is within the GIS Module that broadband coverage (or the lack thereof) is determined by Census
Block. Due to differences in available data, broadband coverage is determined using different methodologies for
the three different technologies being modeled.

1. Cable coverage is determined by Warren Media data"
iii

2. Wireless coverage is determined by American Roamer data
3. Telco coverage is determined (i.e., modeled) within the Wireline Coverage Module (see discussion below)

Unserved Census Block profiles are provided to / shared with the Investment Module for network design modeling

and the development of required augmentation investment. This information includes plant placement
information, road segment information, national purpose site location information, etc.

Wireline Coverage Module

Important design parameters

Important design parameters (i.e., guiding logic structure) for the Wireline Coverage Module include:

Design Parameter

1 Statistical prediction models incorporating geographic, demographic, company characteristics, and

other observed data are to be used to create a baseline wireline speed profile by Census Block.
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2 Where possible, broadband speeds are derived from wireline attenuation-versus-distance curves.

Predicted speeds from the baseline model are profiled along road networks within Census Blocks to

accommodate the network modeling approach and provide comparability with cable and wireless.

Assumptions

Important assumptions for the Wireline Coverage Module include:

Assumption

Historical statistical relationships do not change in the future.

2 The assumed attenuation rates, types of xDSL service, line characteristics (such as gauge and
conditioning), central office and DSLAM locations, and loop lengths (as estimated from road network
distances) provide accurate estimates of xDSL speed.

3 Speeds reported at the Census Block level in states used in the logistic regression (PA, MN) are
accurate.
4 Statistical relationships observed in the estimation states (used to develop the prediction equations)

apply across the nation without substantial change.

5 The data used for prediction, which come from many different sources, relate to different geographic
units (including Census Block groups and wire centers as well as Census Blocks), and were collected at
different dates, accurately reflect conditions in Census Blocks.

6 The spatial correlation of prediction errors is weak and essentially nonexistent at distances
characteristic of areas where summary information is developed (such as individual states).

7 Statistical results at the sub-Census Block level are valid for the entire Census Block".

Scope and Purpose - Wireline Coverage Module

Wireline telecommunications (i.e., xDSL) coverage at discrete defined speeds is determined within the Wireline
Coverage Module. Attachment 4 provides a discussion and summary of the modeling techniques applied to this
determination. From a modeling flow perspective, relevant data available to the Wireline Coverage Module is
assembled within the GIS Module. These data include geographic characteristics, demographics, geographic
composition of the population (rural, urban, clustered, etc.), race and ethnic composition, linguistic composition,
income and poverty, age profile, education profile, commuting profile, composition of the business market,
telecommunications provider characteristics, local broadband competition, and telecommunications
infrastructure. In turn, the Wireline Coverage Module employs a logistic regression methodology to predict xDSL
broadband availability at selected engineered speeds in states where this information is not available. The output
is a collection of formulae, all based on a common list of independent variables existing in the GIS data base, that
forecast presence of DSL service in each Census Block at speeds equal to or exceeding specified values. Predicted
values are compared to an adjustable numeric threshold in order to demarcate evidence for DSL service from
evidence against its presence. For each DSL speed, the threshold is set to balance the expected numbers of
households with false positive and false negative predictions. In this fashion, although predicted speeds in
individual Census Blocks will sometimes be incorrect, on average the predicted availability will correctly indicate
how many households are served and not served.

At this point in the BAM modeling process (i.e., after the Wireline Coverage Module is processed and fed back into
the GIS Module) the number of served and unserved housing units can be determined. The model has, at this

21|Page Copyright CostQuest Associates, 2010-All Rights Reserved



Broadband Assessment Model (BAM) Documentation

point, sufficient information to determine the unserved areas in the study area based on user defined broadband
requirements. The ‘size of the issue’ can be stated in either demographic terms (population, households, etc.) or
geographic terms (specific Census Blocks and/or related market areas). This is called the Baseline view. The
baseline view does not include any estimated financial implications related to the provisioning of broadband to
unserved areas. The financial implications of providing service are developed in Module Two.

Module Two: Determine Cost to Serve (Opex and Capex)

In this component of the BAM modeling process, the costs to deploy (capex) and operate (opex) broadband
augmentation of the baseline wireline, cable and wireless networks are developed. With respect to capex, network
required augmentation investments are determined for unserved areas based on (a) broadband speed
requirements defined by the user, (b) real-world engineering rules for the relevant technology being modeled (i.e.,
wireline wireless or cable), (c) relevant Census Block characteristics (e.g., terrain, population, etc) and (d) other
user-selected options (e.g., number of competitors, National Purpose Site assumptions, etc.). With respect to opex,
costs to operate augmentation networks are developed through an analysis of available operating cost information
from across the three technologies (wireline, wireless and cable). Key design parameters, assumptions as well as a
description of the scope and purpose of each module are described below.

Investment Module

Important design parameters

Important design parameters (i.e., guiding logic structure) for the Investment module include:

Design Parameter

1 Contemporary / real-world wireline systems engineering standards are to be used for the modeling of
augmentation networks. More specifically the use of industry standard engineering practices for landline
deployments are to be used because they have been tested and confirmed against forward looking
standards in a wide array of regulatory proceedings and field tests.

2 The model employs long standing capacity costing techniques to estimate economically rational
augmentation investments reflecting real world engineering capacity exhaust dynamics.

3 The cost of material and equipment used to serve multiple customers will be assigned to Census Blocks
based on customer locations, their distribution along networks and service demand

4 FTTn augmentation will be used, based on a deployment from known LEC COs. Unserved areas are
augmented with FTTn deployment using xDSL assuming placement of DSLAMS served by fiber to deliver
xDSL loop lengths of 15kft, 12kft, 5kft and 3kft from known LEC CO locations.

5 FTTp augmentation will be used in deployment from known/existing LEC COs and for currently unserved
cable areas. Unserved telco areas will be augmented with FTTp deployment from known/existing LEC
COs. Unserved cable areas will be built assuming all new plant placement with FTTp deployment from
known/existing estimated headend locations.

6 Reflective of contemporary technology deployment activities in the industry, the model will augment
fixed wireless networks at a 4G capability.

7 A grid system comprised of hexagonal tessellations (HT cells) will be used to systematically locate wireless

base stations for deployment of 4G capability in augmented and unserved areas.
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8 The model will associate 4G coverage sites in unserved areas with the nearest fiber point of
interconnection (assumed to be a fiber equipped LEC CO) node thereby utilizing nearest existing fiber fed
central offices to provide wireless backhaul.

9 The model will use a microwave and/or fiber for cost efficient backhaul associated with each wireless
base station in unserved Census Blocks.

10 Consistent with contemporary engineering practices, fiber backhaul from wireless base stations is
developed using a single fiber Ethernet link.

11 To recognize limitations on microwave backhaul, the model will consider factors such as customers,
distance, number of hops and hub-link capacity in assessing when to deploy fiber based backhaul.

12 The model will use, to the extent possible, FTTp cable network engineering standards and logic. Further,
the model is to assume DOCSIS 2 cable networks will migrate to DOCSIS 3 on the same footprint.

Assumptions
Important assumptions include:
Assumption

1 The current (technology-specific) service provider (including the dominant wireless provider) will
supply the augmentation area.

2 Smaller companies have opportunity to join purchasing agreement with other small companies
reducing scale economies.

3 All costs associated with the construction of an HT cell in an unserved area will be allocated to the

unserved area even when that cell that extends into an already served Census Block.

4 If an existing tower falls within the footprint of a HT cell, that HT cell will be assumed to be augmented
using the existing tower as a base to deploy 4G capability.

5 A range of selectable HT Cell radii deployment scenarios will provide for attenuation performance

based on demand, density and speed characteristics.

Scope and Purpose - Investment Module

The Investment Module employs a granular approach, the use of spatial analysis and a set of defined ‘real world’
engineering rules as the approach to modeling network design. The resulting bottom-up costing takes into account
minimum transport road pathing, traffic demanded at or traversing a network node, sizing and sharing of network
components resulting from all traffic, and capacity and component exhaustion. Output unit costs developed using
a classic Capacity Costing technique include all necessary plant, structure and electronics to support the designed
network. The modeled network design is also grounded in actual network infrastructure location data (where
available).

Rather than rebuild the logic captured in CostQuest’s industry recognized CostPro Economic Network model
platform, BAM accepts as inputs key input files produced by runs of CostPro. These files include the distribution
and feeder topologies of the wireline network, the wireless network, and the middle mile network. To understand
the workings of these models, the reader is encouraged to read the model overviews provided in the attachments.
Attachment 5 provides an overview of CostProLoop which provides the basic network topology for the wireline
based broadband network. Attach