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1 Executive Summary

1.1 Project Background

Located in Mrthwest Maryland at the headwaters of the Chesapeake Bay, Harford Cbhastgn
estimated population of 250,290 and an estimated 91,88@seholds- The County encompasses a
range of population densities angeographies. &ithern Harford County stretchesearly to the

suburbs of Baltimore ants somewhat densely populated, while the County becomes increasingly
rural and sparsely populated as it extends north towtirel MarylandPennsylvanidorder.

The/ 2 dzy G @ Q& s definediakhe argamérth of the easivest boundary created byeveal
roadways Highwayl55, Highway2, Highway543, Highway23, andHighway138 (see lhe map in
Figurel). TK S / 2 dzy U & @adnsishs Mnhidlyfof fa@nylaRd and widedistributed householdsand
has limited mternet access options for residenaind businesses in the region.

Figure 1: Harford County North End Boundary
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wide array of educatioal resources available on thaernet, but local businesses are also becoming
less able to remain compieA S Ay (0 2 R mdeindt-dépgh@eNtnarkefpldca.t & A

The/ 2 dzy No&hOEndpresents a uigue challenge to deployment sbbust andreliable network
infrastructure. While the local topographymakes constructing an diber network extremely
expensve, thesparsely populatetlorth End has made incumbent and nevtarnet service providers
(ISPs) reluctant to invest in infrastructure expansion for the relbtileev number of new customers
they are likely to gain.

The Countyacescomplexityas it evaluates how to serve its entioleversegeographic area. The needs
of the southern portion of the county diffegreatly from those in the North End, and the County must
determine what steps it can take &ffectivelybridge availability gaps fohe entire vast region.

1.2 Methodology

The Countyseeks toevaluatethe feasibility of developing infrastructure or taking other steps to
FIOAEAGIGS GKS FT@FAfFoATAGE 2F owWNspdcifcally govrering y G S N
approximately 12,90@Gouseholds and businessgsaésingyin this region The County engaged CTC
Technology & Energy (CTC) to evaluate gaps in current service; assess current partnership models in
the broadband industry; identify potential partners that may work with the Gguand outline some

2F GKS FAYIFIYOALFf YR LINYOGAOFE AYLX AOFGA2ya 27
connectivity gaps.

This report was prepad in late 2016 and early 201ahdaimsto identify actions that Harfor€ounty
government can take to encourage and enable infrastructure developminalso outlinesa
pragmatic and conservative projection of thetential financial implication®f these actions.

One of he primary objectiveof this study is to present arelaluate potential models for partnership
between the County ane@ne or moreprivate partnes to facilitate the expansion of broadband
internet services.This study malyzes partnerships in similar localitiesidentifies risks and
opportunities in each panership model;suggess strategies to attract, encoage, and facilitate
partnership; andoresens demonstraed potential partner interest.

Further, our analysis evaluateédree possible deployment options:

1 Atower lease optionwith County fiber enablip private @rtner fixed wireless expansidiy
offering tower attachments and transport over existing fiper

1 A hybrid fiberwireless option, in which a privateapgner would lease County fib¢o-the-
neighborhoodand County installed pole® expand servicg
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1 A fully fiberto-the-premises (FTTP) option, in which the County would construct fiber to
eachpremisesn the North End, and potentially lease that fiber to a private partner.

We evaluatedhiese deployment options through analysis of highel conceptial design summaries,
including technical specifications.

Finally, this report presents and discusses capital and opewdiiost estimates for each deployment
option, as well as the level of revenue necessary to sustain the operation.

1.3 Goals and Obijectives

¢ KS | 2odmyaiclir@gdal is topartner with the private sector talevelop a feasible solution to
enable reliable broadbanéhternet service for the residentand businesse the North End of
HarfordCounty

1.3.1 Only Dial-Up and Satellite Service is Currently Available in Portionsof OEA #1 O1 OU ¢
North End

Internet service options for the sparsely populated North Endaditen currentlylimited to diatup or

satelliter both inadequate options for provision of seceissufficientto meet the needs of current

County households. Diab speeds reach a maximum of kibits per secondbp9 under optimal

conditions, and satellite connectionghough much faster than dialpt comewith low data caps

that limit the amountof data customers can download or upload in a monthly billing cycle. Further,

satellite connectivity comes with a high equipment, installation and monthly price, and is limited by

local topographyand adversely affected by latency issues. As data neaatince to increase, the

available service options Harford @unty will becomencreasingly lesadequate.

A robust fiber or hybrid fibewireless network would address these issuegl provide a reliable
infrastructurethat is both scalable and adaptabto the inevitable rise in data demand. Such a fixed
network would require significant construction and maintenance, as well darge County
investment.

¢CKS /2dzyie t221a (G2 az2tgS GKA&a LINRPoOfSY o6& LJ NI
tKkS t2FRé 2F ySis2N] SE& bdany desedtypdblpdivitd padredship$ R 0 &
throughout the U.S.the County seeks to understand anse availabl@ptions,and toidentify steps

it can taketo encourage infrastructure development to the area.

1.4 Service Models Range from Incumbent Upgrades to Public Ownership
Thereare severapotential service models a public entity can consider as it evaluates how best to
address its broadband availability gaps. The options range from simply relying on local incumbent
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service providers to upgrade their infrastructutéo a full publicFTTRdeployment, in whichthe
locality provisions service over a network that it constructs and owns.

Somewhere between a fully private and an entirely public approach is the possibility of agpublic
private partnership, which plays to the strengths of each enttyd helps manage riskhere is also
significant variation within the framework of pubtjrivate partnerships, and the public and private
entities can tailor their unique goals and needs to develop a mutually beneficial arrangement.

Figure 2: Service Models Continuum

Public— Retail
Private Service
Partnership Model

Incumbent
Upgrade

On one end of the spectrum lies a full public retail service model in which the locality deploys and
maintains network infrastructure, and then provides service to end users over the public network.
This approaclinvolves tremendous financial and operational risk for the public entity because the
locality must secure financing to build the network, as well as establish a significant enough revenue
stream to maintain the network infrastructure and cover all costsoasmted with network and retail

service operations. If incoming revenue does not cover these costs, the locality must find
alternatives 4 dzOK | & dzaAy3 TFdzy Ra FTNRY (KS tlddeovieriady Sy i .
shortfall.

2 Note that there is a distinction between incumbent providers and competitive providers; compefitwiders can

install new infrastructure to offer service to an expanded area, but we focus on incumbent providers because of their
SEA&GAY3I I NBS F220LINRY G Ay Y2aid O02YYdzyAdGAaASad ¢KS AyOdzy
ySig2N] F220LINAyG Aa ftA1Ste (2 06S 268N GKFy | O2YLISGA
network.

10
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In a retail service modethe public entity is responsible for all network infrastructure, including the

St SOGNRYAO& NBIdZANBR (2 aftA3aIKGE GKS FAOSNI I YRS
necessary to establish a robust wireless network. Retail operations enasbmpass everything from
customer outreach and marketing, to call center staff, to customer premises equipment (CPE), to
retail store space where customers can go to establish service, pay their bill, or receive technical and
other support. The cost tthe public entity for operating a fechoice retail ISP is significant, varied,

and unpredictable.

On the other end of the spectrum, localities can take small steps in the course of normal business
such enacting a dignce policy to encourage incumbent piders to upgrade their existing
infrastructure to keep pace with the growing demand for access to greater connectivity. In this
approach, the locality does not take significant steps or risk toward enabling or providing service, but
instead relies on th@rivate sector. However, even if the locality takes certain steps, it still has little
to no control over whether any of the modest measures it takes will incite local incumbent providers
to action. That is, even if the locality takes steps to encourageafer investment, there is no
guarantee that its efforts will pay off in the form of incumbent providers investing in upgrades to their
legacy infrastructure to keep pace with the growing demand for access to greater connectivity. While
this approach entds only nominal risk to the public entity, there is also minimal control, and the
locality is relying entirely on the private sector to address concerns with the local broadband market.

In recent years, a mutually beneficial middle ground has emergatanform of publigprivate
partnerships that have enabled meaningful competition in some cities, counties, and states
throughout the U.S. For many localities, the prospect of a retail service model is daunting and
unappealing, but waiting for incumbent primers to upgrade their networks and provide higher
speeds and greater access is not sufficient. Often, a mnliate partnership that balances the

needs, risks, and rewards of the public and private sectors is a viable approach that helps achieve the
2OFtAGeQa 3FA2Ffazx gKAES y20 LdzidAy3d dzy RdzS 06 dzNR
directly compete with local providers.

1.4.1 Public ¢Private Partnership Models

CKSNBE A& tAGOES LREAGAOLIT GAff | Yeaefalldeplogient/ 2 dzy
where the County acts as an ISP, and incumbent investment in infrastructure to date has not
successfully addressed availability gapshe North End Publigprivate partnerships balance risk,
benefit, and control between two partnerghat aim to accomplish a common goal. Each party
OFLIAGFEAT Sa 2y GKSANI AYKSNBy(d aidNBy3aitkKa gKAfE S
creating shared benefits for each, and a level of control appropriate to the terms of the partnership.

11|
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1.4.2 Public¢Private Partnership Framework
Three distinct partnership models have emerged in recent years that can help localities achieve their
goals by engaging the private sector:

1. Private investment, public facilitation;
2. Private execution, public funding; and
3. Shaed investment and risk.

The first model presents the lowest risk to the County, but also provides the County with the least
amount of control over network assets. The second presents significantly elevated risk to the County,
but also increases potentiakebefits. The third is an opportunity for both parties to creatively share
the risk and benefit of network expansion. These models are discussed in greater depth with case
studies in sectior2.

1.4.2.1 Risks of a Public Retail Service Model

A public entity that enters the broadband market as a retail service provider is likely to face a breadth
of financial, operational, and practical challenges. Starting any business frmatcls is time
consuming and expensive and comes with a steep learning curve, and most startup businesses do not
succeed This is not to say that any public entity that enters the market as an ISP will fail; on the
contrary, there are examples throughothe U.S. of successful localities deploying networks and
acting as broadband service providers. But it is important to understand the range of potential risks a
locality may face, especially in the initial years when the public entity must balance network
construction and implementation, and the startup of operations.

Perhaps the greatest benefit of a public retail model is that the network infrastructure is a valuable
tangible asset that the public entity owns and controls. The public entity can chooseamidevhere

to deploy network infrastructure, and once the infrastructure is in place, it becomes a resource that
that locality can potentially leverage in multiple ways. For example, if a locality places excess fiber
while deploying a public FTTP netwotke locality can use the fiber to directly serve its own
customers and can lease excess strands to other entities for use. In this way, the fiber serves not only
as the infrastructure over which the locality provides service directly to end users,disi iprovides
additional modest revenue to help support ongoing network operations. While this is an important
benefit, deploying a fiber network is complex and expensive, and even wireless solutions rely on a
robust backbone.

3NeilPatel G e hF {GF NlIdzLJa CFAf Y | SNB QHorbeskast inodifiett danuarg $6R ¢ 2 Y\
2015, accessed December 14, 204tdp://www.forbes.com/sites/neilpatel/2015/0./16/90-of -startupswill-fail-heres
what-you-needto-know-aboutthe-10/#92b813d55e19

12


http://www.forbes.com/sites/neilpatel/2015/01/16/90-of-startups-will-fail-heres-what-you-need-to-know-about-the-10/#92b813d55e19
http://www.forbes.com/sites/neilpatel/2015/01/16/90-of-startups-will-fail-heres-what-you-need-to-know-about-the-10/#92b813d55e19

Feasibility Studyof Broadband in the North Enfd January2017

Additionally, network and bsiness operations tend to be unpredictable and costly, and often
represent a great risk for public networks. The locality must launch a successful marketing and
advertising effort that convinces a sizeable portion of potential customers to switch fromctimeent
service providers. It is crucial for the public entity to have a focused product that can successfully
compete with the level of service that customers are currently receiving from their existing service
providerg at a compelling price point.

A dallenge new market entrants face is customer inertia, or the tendency of people to retain the
ASNIAOS (KSe KI @S 0SOFdzaS Al Aa a322R Sy2daAKIE
than simply sticking with what they know. This is complicdtegther by the fact that the locality is

an unknown quantity with no track record to prove that it can uphold its marketing promises, and
L2 GSYyGuAlrf adoaONROGSNE Yleé 6S a1SLWGAOFE 2F GKS

In addition to succssfully acquiring new customers, the locality must take steps to ensure that it
retains existing customers once they have purchased service. This requires skilled staff to support
technical, billing, and other inquiries, and carefully navigating the ibéald NB a L2y aA oAt A
ASNIDAOS LINPJARSNIY 2KAES OSNIIFAY Odzad2YSNI Aaadzs
public entity from shouldering the blame for problems like websites not loading, tablets that fail to
connecttoinhomS GgANBt Saas> 2N YIE gl NB 0SAy3a AyadlrffSR
gualified and weltrained staff to gracefully navigate the range of customer issues that may come
0KNRBdZAK GKS L{tQa &adzlJ2 NI f Ay S ® ublidntities$o@ higaerS O 2
standard than other foichoice businesses, the locality can expect that it may be the target of undue
criticismt especially if it does not provide sufficient customer support.

Further, localities that enter the retail market ditgcmay be targeted by incumbent providers that
make it challenging for the public entity to compete. Incumbent providers may use a variety of tactics,
including lowering prices to a point with which the public entity cannot compete because it lacks the
economies of scale that the private competitor has. One advantage of a ppbliate partnership is

that the public entity is not competing in the marketplace. And private entities are likely to be
equipped to understand the retail business and can helpldleality mitigate its risk in this area.

At a minimum, a locality that enters the market as a retail service provider can expect to hire and
train a range of new personnel, or engage contractors to fulfill these rdiesn staff that can
perform fiber spking, to customer service representatives, to network engineers. The locality must
also secure space for its network central office (CO), warehouse space to store network equipment
like the fiber itself and CPEs, and space to house retail operations aindeater staff. Certain
elements of owning and operating a network, and running ecfwice ISP require responsiveness 24
hours per day, 7 days per week, 365 days per year. In certain cases, such as when the locality is
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beholden to a service level agment (SLA), there may be steep penalties for failing to respond to
issues within a specified timeframe.

Finally, network and retail service operations require an ongoing influx of funds to be sustainable, and
YIye 2F (GKSaS SyRSI g@8%¢< RRRY¥Fia NWNBNOKI Ve adé SENKZ ¢
operate at a loss for several years after the network has been deployed and the locality is serving
customers. The business may require the locality to allocate general funds or levy a special tax to
support it, especially in the early years. There is also no guarantee that the incoming revenues will
ever be sufficient to cover all the costs associated with maintaining the network and the retail service
business. In other words, the retail business mayewer become selfustaining.

It is important to reiterate that many public entities operate successfutfarice ISP businesses, and
have for many years. Whether it makes sense to pursue a retail service model depends on a variety
of factors that arespecific to each locality; a successful retail service model that one public entity
launched is unlikely to be truly replicable by a different public entity. For example, even two cities (or
counties) that are nearly geographically and demographicallyticEnmay have very different
existing market conditions, and the favorability of the existing competitive environment plays an
important role. Or, perhaps one locality can deploy a network much more quickly than another
speed to market is also a determigj factor in the success of any business. The bottom line is that
deploying a network and starting up an ISP as a public entity is risky and there are many details to
consider to determine whether it makes sense for a public entity to pursue this approach.

In part, due to the array of risks associated with starting an ISP as a public entity, and because of the
emergence of private providers willing to work collaboratively with localities toward a mutual goal,
publicgprivate partnerships have gained momentumrecent years. Although the business models
may evolve and change, it is likely that broadband pgplivate partnerships will continue to grow

in popularity as private providers seek to expand and localities seek to address their connectivity
needs.

1.4.3 Examples of Hybrid Fiber -Wireless Partnership Models

One potential model that the County can consider, which we discuss in S&ciidis partnering

with the private sector to support deployment of wireless service to address availability gaps in the
North End. In this model, the County would develop infrastructure to support the private sector
offering wirelesshased retail service. Two Maryland countieGarrett and Howard have used a
similarapproach with seemingly positive results, though it is still early in their pseseto gather
significant data points to make a determination about their success.
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1.4.3.1 Garrett County, Maryland

Garrett County, in far western Madand, is a relatively remote community in Appalachia bordered by
Pennsylvania and West Virginia. The County has struggled to get broadband in many of its remote,
mountainous areas. Where broadband is available, it is inadequate digital subscriber linsdiDise

GKIdG R2Sa y23 YSSi GKS CSRSNI ¢ | 2YYdzy AOF GA2Y
broadband service, let alone the requirements for hebssed businesses. The incumbent provider

there has not indicated that it plans to expand or upgrades®er offerings.

Though mobile broadband is available in some parts of Garrett County, bandwidth caps mean that it
is not viable for economic or educational activities. For example, parents who -sohw®l their
children can run through their monthly bandith allotment in one day of downloading educational
videos. Beyond these challenges for residents, the County has struggled to attract and retain
businesses and teleworkers.

In response, the County has gradually and incrementally built out fiber in saas,awith a focus on
connecting specific institutions. And in September 2015, the County Council approved a contract with

' LINRGIFGS LI NGYSNI G2 € S@OSNI IS az2ysS 2F GKS / 2dz
the deployment a fixed wireless dmdband network that will serve up to 3,000 currently unserved
homes in the most remote parts of the county. The private partner, Declaration Networks Group
(DNG), will also put its own capital toward the construction of the network, and will apply sitat

and operational capabilities to managing the network. The partnership involves cost to the County,
but also massive benefit for residents and business in the newly served areas.

CNRY |y SO2y2YAO RS@St 2LIYSy(d LISHdSBodious @efua fori K S
the dollar. This investment will enable residents in 3,000 homes to buyedfesitive broadband
service that they cannot access now, and that will make possible telework,-basesl businesses,

and home schooling. This investmaenitl also enable the county to close the Homework Gap for many
students in County schools who do not currently have broadband in their hormesncreasingly
critical lack of service.

As the network is deployed over the next few years, the County will eettunearly zero the number

of homes in the Garrett County that do not have access to some kind of broadband communications
options. These options may be modestot the robust speeds available in metropolitan markets

but they are significantly better thanothing, and a huge economic development achievement from
GKS /2dzyiéeQa aildl yRLR2AY(GO®
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1.4.3.2 Howard County, Maryland

Located in central Maryland between Baltimore and Washington, D.C., Howard County, Maryland has
the secondhighest median income in the U'SespiteA i1 & LINPEAYAGE G2 (62 2
YSGNRBLREAGEFEY LRLIzZFGA2y OSYyiSNBR:I 2yS 6SAy3a (K
reliable, nommobile broadband options until very recently. As in Garrett County, many residents
could purchas€ yf @8 Y20AfS ONRBIROFYR aSNWBAOST 6KAOK O
ability to connect.

Although mobile broadband may be better than no connectivity at all, it does not allow for a variety
of internet-based activities namely, any activity thatequires significant bandwidth use. Residents
who rely on mobile broadband alone and who are subject to data caps must be hypervigilant about
their use, which often means that simple online activities that many Americans take for granted are
inaccessible.

C2ft2Ay3a | 3ANIaaNR2da STFFTF2NI o0& NBaARSyda Ay
out a plan in 2016 to partner with Freedom Broadbaad,|ISP based in neighboring Carroll County.
The partnership aims to bring higipeed broadband to undserved areas of the County, particularly

the western portion.

In 2010, the State of Maryland received a large award from the federal government to deploy a
regional fiber network called the Intdr 2 dzy & . NBI RokFyR bSi82N] ¢oL/ . b
private partnership makes use of the ICBN and/the2 dzy' (i @ Q& SEA&aGAYy3I RINJ 7T
wireless network equipment owned by Freedom Broadband. The equipment is situated atop a water
tower in Mount Airy, Maryland, just northwest of the Howard Coulie. The private partner can

then serve customers in western Howard County, where some 15,000 households are currently
underserved or unable to purchase higheed broadband.

The plan is intended to serve approximately 80 percent of the curremitierseved western portion

2F 126 NR /2dzyted 2KAES A0 A& y20 'y AYYSRALF (!
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arrangement allows the County taddress areasn its western regiorthat currently do not have

access to reliable higpeed broadband, and enables Freedom Broadband to expand its service area
beyond Carroll County.

41 YI yRI  H8wa@ &NKE 2ndiin nation in median income at $1083B&4ltimore Sunlast modified September
30, 2013, accessed December 14, 20ith://www.baltimoresun.com/news/maryland/howard/ellicotity/ph-ho-cf-
howardiincome100320130930story.html
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1.4.4 Examples of FTTP Partnership Models

Publigprivate partnerships are ovellaa relatively new development in the broadband industry, and
they are continually evolving as new companies emerge and localities seek creative ways to bridge
connectivity gaps. One potential option that the County may decide to consider is an FTTP
partnership, in which the County deploys an FTTP network to the North End and then leases dark fiber
infrastructure to a private provider (see Sectibib.2) to provision serviceBecause this model is likely

to be very expensive (see Sectidn it may not be desirable to the County, but it is still important to
note thatit has hadpreliminary success with the right balance of risk and control and a clear set of
mutual goals including Westminster, Maryland, in nearby Carroll County.

1.4.4.1 Westminster, Maryland

The City of Westminster, Maryland, is a bedroom community of bathrBore and Washington, D.C.
where 60 percent of the working population leaves in therning to work elsewherelhe area has

no major highways and thus, from an economic development perspective, has limited options for
creating new jobs. Incumbents hasaéso traditionally underserved the area with broadband.

The City began an initiativaeore than a decadago to bring better fiber connectivity to community
anchor institutiong CAlsthrough a middle mile fiber network.lhe ICBN network for which the stat
received a grant in 20li@cluded infrastructure in Westminster.

Westminster saw an opportunity to expand the last mile of the network to serve residents. At the
time, though, it did not have any clear paths to accomplish this dtigtleaders lookedaround at
other communities and realized theyould have to do something unique. Unlike FTTP success stories
like Chatanooga, Tennessee, the Towi not have a municipal electric utility to tackle the challenge.
They also did not have the resources, extfse, or political will to develop from scratch a municipal
fiber service provider to compete with incumbegnmtoviders. As a result, theyeeded to find a hybrid
model.

As the community evaluated its options, it became clear that the fiber infrastrudtsedf was the

/I Ad0éQa Yz2ald aArAIYyAFAOLYG FaasSdao £t 20t 3I20SN
such as roads, water and sewer lines, and other infrastructure that is used for the public good. The

f SFRSNE | a1 SRZIOENKAYYBRKSOUBEAYP #FEeKE ¢KS OKLFf S
part of the network implementation and operations the private sector partner would handle and what

LI NI O2dz R 6S GUKS /AGéQa NBalLlRyaiAoAfAideo

The hybrid model that made the most sense required @ity to build, own, and maintain dark fiber,
and to look to partners that would light the fiber, deliver service, and handle the customer
relationships with residents and businesses. The model would keep the City out of network
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operations, where a constilable amount of the risk lies in terms of managing technological and
customer service aspects of the network.

The City solicited responses from potential private partners through a request for proposals (RFP). Its
goal was to determine which potential gaers were both interested in the project and shared the
/I AléQa GAaAA2Y D

The City eventually selected Ting Internet, an upstart ISP with a strong track record of customer
service as a mobilgirtual network operator (MVNO¥p ¢ Ay 3 &K NS R n2obaitiuey A y a U
publicgprivate partnership and of maintaining an open access network. Ting has committed that
within two years it will open its operations up to competitors and make available wholesale services
that other ISPs can then resell to consumers.

Under the terms of the partnership, the City is building and financing all of the fiber (including drops
G2 O0dzA2YSNRQ LINBYA&ASA0 0KNRdIzZIK Hierdd gsRpaprei.S NA y
One monthly fee is based on the number of prees the fiber passes; the second fee is based on the
number of subscribers Ting enrolls.

Based on very preliminary information, given that this is a market in development as we write, we
believe this is a highly replicable model.

What is so innovative alu the Westminster model is how the risk profile is shared between the City
and Ting. The City will bond and take on the risk around the outside plant infrastructure, but the
LI 8 YSYy (G YSOKIyAaY yS3I2G4AFGSR A& &deOdessi KI G ¢ Ay =

Because Ting will pay Westminster a small monthly fee for every home and business passed, Ting is
financially obligated to the City from day one, even if it has no customers. This structure gives the City
confidence that Ting will not be a passipartner, because Ting is highly incented to sell services to
cover its costs.

Ting will also pay the City based on how many customers it serves. Initially, this payment will be a flat
feetodz Ay fFGSNI @SENERS gKSyYy ¢ Aingavid pay REGHE 3/ simsll K A
fraction of its revenue per user. That mechanism is designed to allow the City to share in some of the
dzLJAARS 2F (KS ySGg2N] Qa adz0O0Saaod Ly 20§KSNJ g2 NF
based on the entremneurial risk the City is taking.

Perhaps most significantly, there is also a mechanism built into the contract that ensures that the two
parties are truly sharing risk around the financing of the outside plant infrastructure. In any quarter
AY GKADKFMWYYE®AFf 206t A3FGA2ya (G2 GKS [/ AGe I+ NB
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the debt service requirements, Ting will be reimbursed anieajent amount. This element of the
financial relationship made the deal much more attractive to the City because it is a clear
demonstration of the fact that its private partner is invested with it.

1.5 Three Potential Partnership Models Appear to Fit the Co OT QU8 O / AEAAOD
Two are Risky

As the case studies of different partnership models show, there is nesizedits-all approach for

Fye O2YYdzyAidez FyR GKS LI NIy S MWiHlkeylnked t beiiailoted & G Y
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determined that there are three potential partnership alternatives that the County may want to

consider as it evaluates how best to meet its connectivity needs.
The partnershipa Ny I G A @Sa 6S o0StASPS I NB Yz2ald tAQSte

1 A tower lease option, with County fiber enabling private partner fixed wireless expansion by
offering tower attachments and transport over existing fiber;

1 A hybrid fiberwireless option, in which a private partner would lease County fibehe-
neighborhood and County installed poles to expand services;

1 A fully fiberto-the-premises (FTTP) option, in which the County would construct fiber to
each premises in the North End,chpotentially lease that fiber to a private partner.

We anticipate thecapitalcost associated with each of these models will vary widely, as sholabie
1.

Table 1: Projected Capital Costs for Potential Partnership Models

Tower Hybrid FTTR; Dark
Lease Fiber Fiber Lease
Wireless
Total Cost 65% Aerial | $43,481,000 $49,702,000
(OSP Only %0 Al
¢ No Underground $52,375,000 $60,719,000

Electronics)

Please note that the above cost do not include the required electronics or wireless equipment. These
costs in the proposed partnership model are the responsibility of the ISP. For reference we have
provided an estimate of the electronic costs, includimgtomer activation costsjn Section3 and
Sectiord.
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We do not recommend that the County pursue an FTTP or hybridirefess option at this point.

Based on our analysis, neither of these models makes financial sense for the County, and both are
expensive and have a higk. Further, because the Countncreach approximately half of its target

area by taking very modest measures using its existing assets, it is not advisable to purstmoathigh
high-risk model that entails the County installing significant fiber.

The perpassing costs are highinSh / 2dzy 68 Qa4 b2NIK 9YRX YR Al @A
0dzAf R FAOSNI GKNRdAzZIK2dzi GKAA | NBF® ¢KS GLISNI LI
with fiber optics. This cost does not include the cost of the drop cable or the CREaniply the cost

to run fiber in front of a location.

The County would need to recover costs at a much higher rate than is likely with an FTTP deployment,
even with a publigprivate partnership. As we note in Section 6.2.1, the County would need agpartn

to pay a $27.00 pepassing fee plus an additional $76.50 per subscriber per month. This is more than
4 times higher than the agreement Westminster developed with Ting Internet.

Similarly, we project that in a fibevireless hybrid model, the County lwineed to recover
approximately $19.98 per passing and an additional $56.61 per subscriber fee per month. Although
not quite as high as the fees necessary in a full FTTP model, these are still extremely high
approximately 3.33 times the fees that Ting paty Westminster. It is also important to note that the
arrangement with Ting in Westminster was especially favorable to public entity and is unlikely to be
replicated in other locations.

The only scenario in which it would make sense for the Countyestrin an FTTP network, or even

a hybridwireless network, is if it had no intentions of recovering its capital expenditures and if it
planned to subsidize ongoing operations costs. Even the most favorable partnership we have seen to
date does not realizéees anywhere close to those necessary for the County to recover its investment
in an FTTP or a fibavireless hybrid model.

¢ KS /| 2 dzy-isk dption i$ t6 inakeluse of its existing assets, including any of its existing fiber
and its 5 towers, to support and enable private provision of fixed wireless service. This option enables
the County and its partner(s) to reachore than 50 percent of the targeted 12,900 potential
customers in the North End. Each of the other models will also reach this 50 percent, but even with
those more expensive models, reaching the last 50 percent of the currently underserved area is very
high rik and will cost the County a significant amount of money with minimal return on its
investment. Moreover, with customers or a private partner willing to pay increased costs for elevated
antenna masts at the customer premises, it may be possible to closh wf the coverage gap for

the remaining North End.

20



Feasibility Studyof Broadband in the North Enfd January2017

1.5.1 Middle -Mile Fiber to Incent Wireless Investment

This approach is the most straightforward and least risky for the County to consider because it does
not entail significant public investmerin this appoach, the County simply makes use of assets that

it already hasexisting fiber and communications towers. One or more private providers would use
the County's existing assets to support deployment of fixed wireless network equipment, and would
then offer retail service to end users.

Although this type of service cannot support ultregh speeds associated with an FTTP deployment,
fixed wireless can offer speetlsat exceedligital subscriber line (DSL) service. More importantly, the
speeds a fixed wireleservice can offer are significantly higher than what is available viaidiat
satellite, which is the only type of service currently available to some North End residents.

We estimate that the County can reach approximately half of the currently uedezd population
in the North End by simply making use of its existing assets and partnering with the private sector.
'3 AYS GKS [/ 2dzyieqQa O02aid FyR NAR&a]l Aa y2YAYIlf
providers, we believe there is a prieasector appetite for thisThe cost to the Aoty with this model

1.5.2 Fiber-to-the-Premises (FTTP) z Dark Fiber Lease

In this approach, the County would develop and deploy a dark fiber network that it would own, and
then lease to one or more private provideior useThis is the most expensive option, and is thus the
most financially risky. We project that it will cost approximately $49.7 million to deploy an FTTP
network, assuming a 65 percent aerial network deployment. If the County were to construcktiie F
network all underground, that number increases to $60.7 million.

1.5.3 Hybrid Fiber -Wireless Option with County -Funded Wireless Equipment

The County may determine that an FTTP investment is too risky because of the large upfront capital
costs it entails, amh that a middlemile fiber to incent private investment approach does not
appropriately address its connectivity needs. As we noted, a middle ground between these two
approaches is a hybrid fibavireless option. This approach still requires a signifiaargstment from

the County, but is less expensive than an FTTP model and allows the County to develop infrastructure
further into the target service aredf the County were to take this approach, the total projected cost
would be approximately $43.5 mdh for a 65 percent aerial deployment, and approximately $52.4
million for an all underground deployment.

1.5.4 SWOT Comparison of Alternatives
It is important to consider the interplay of risk and reward in any approach the County takes, and to
balance what isnost meaningful for the County with what is feasible. A strengths, weaknesses,
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opportunities, and threats (SWOT) analysis can remepbrtant information to help determine the
best way to proceed with a given project.

Strengths

Weaknesses

Opportunities

Threats

Table 2: SWOT Analysis of Potential Partnership Models

Middle-Mile Fiber to
Incent Wireless
Investment

Enables greater
connectivity with little
County investment or risk.

Can only reach
approximately half the
North Endwithout
additional County
investment; no future plan
for reaching remainder of
target area.

Enables the County to
foster positive
relationships with the loca
provider community.

The County is relying
entirely on the private
sector and has minimal
control.

1.5.5 Potential Partners

CTC held preliminary discussions with wireless internet service providers (WISPs) in the area to gauge
interest in partnership with the County to provide affordable, reliable internet service. In these

RA&AOdzA&AARZ2Y AT ¢S SELX | A yp&eéhtalibishess raodefsliadddalowatizhe f & =

Hybrid FiberWireless
Option

Middle-of-the-road
solution between full fiber
and wirelessonly
deployments could
enable broader
deployment than wireless
alone, without the risks of
an FTTP build.

Relies on private
partner(s) to markeand
sell services to recoup an
2F /2dzyieQa

Enables deeper
penetration into target
area with less investment
than full FTTP deploymen
and supports future
private investment.

County must incur
significant cost, and has n
guarantee that it will
recoup any of its
expenses.

Fiberto-the-Premises;
Dark Fiber Lease

Most scalable and future
proof infrastructure
investment.Does not have
same limitationsas
wireless deployment; fiber
is not restricted to lineof-
sight.

FTTP is a Premier produc
that may be too
expensive/unnecessary fo
many users.

Once fiber is in the
ANRdzy RZ A G A
LINE2Fé¢ (G4SOKy
support a range of
deployments and other
needs fomany years to
come.

Very expensive to deploy
FTTP, particularly in area
where it may be difficult
to build.

provider to make any suggestions as to what would inhibit or incent partnership.

While only one company was marginally interested in a fully FTTP model, we identified five companies

who expressed potential intest in serving the North End via a hybrid fik@reless model.
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Eachproviderexpressedconcerns toward the models proposed, and wanted further figures for
determining feasibility. Providers are acutely aware of the low population density of the area, and
wanted to ensure the project would make financial sense to help both the company and the County

to recover the initial investment of network deployment. In addition, providers were quick to
emphasize that standard pole and tower lease fees would be exeeshie to the low number of

LR GSY At Odzali2YSNR Ay (KS /2dzyieQa b2NIK 9yRd
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structures rather than building new poles, and expediting County processes to aliqudader
construction. We discuss these potential partners, solutions, and summaries of our conversations
further in section2.4.

1.6 The County Can Easily Reach Appoximately Half of the Currently Underserved

Population
As the case study in Howard County illustrates, it is not always possible to address the entirety of a
f20FftAleQa O2y OSN)ya N 3K G Coungylcéndreach Sibout Yalf ofGhe LIl § $
underserved population in the North End through modest, inexpensive meassesh as leveraging
its existing assets to support one or more private providers deploying wireless equipment on existing
towers within Harford County. However, the remaining 50 patad the population that the County
aims to serve will be more difficult and expensive toreach, RdaS & a 2 F (G KS / 2dzy (& (

Put simply, if the County is willing and able to make a sizeable investment, it can deploy an FTTP
network deep into theNorth End to serve the target customer baske®stimated cost to construct

the proposedFTTPh { t G KNRdzZAK2dzi GKS / 2dzyiéQa b2NIK 9YyF
approximately $49.7 to $60.7 million, depending on the amount of aerial construcidormed

Alternatively, the cost to take an incremental approach in which the County offers useeafstmg

fiber andtower asses to a private provider that will install fixed wireless equipmenmtserve end
usersis effectively zeroThis approachdoes not require a capital investment by the County, just
administrative and support costs to allow ISP access to towers and to provide backhaul over existing
fiber.

Between these two approaches is the possibilitgt the Countycan adopta hybrid fiberwireless
network concept, in which the County deploys fiber infrastructure deeper into the target service area.
Doing this will increase the network's aggregate capacity and reduce challenges with achieving the
desired wireless cover areldowever, it also increases capital costs because of the expense associated
with deploying fiberand setting poles
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In a hybrid approach, the County will deploy backbone and distribution fiber but will not deploy fiber
to the "last mile." Insteadthe fiber will support various alternatives to sertiee last mile, and the

fiber that the County deploys will support a range of technologies. For example, a robust backbone
and distribution fiber deep into the North End can support fixed wireless solutions elhdac
networks including 5@Gn one version othis approach, where the County deplaysiensebackbone

and distribution fiberdeep into North Endwe anticipate its costs to be approximately $43.5 million

to $52.4 million.

This approach represents likely upperbound to the range ofpotential hybrid fiber-wireless
solutions. Otheronceivableconfigurationsfalling betweenthe use of only risting towers and this

far more robust model that provides ubiquitous, higheed coveraganay be feasible wittradeoffs

in cost versus capacity and ubiquitous coverage as the slide bar moves along the scale towards
wireless and away from fibeWe offer the particular scenarios presentedtims analysigs key data

points that bound thepotential range of costsral benefit, and recommend that the County further
consider these hybrid approaches in more detaitentially working with candidate privateaptners

to more precisely understand their business requirements.
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2 Public ¢Private Partnership Models

2.1 Model 1 z Private Investment, Public Facilitation

The first partnership model represents the lowest level of risk to tben@. While not a fully
mutually-beneficial partnership, it focuses on modest stefhe County can take to facilitate
implementation and delivey of broadband services.

In this model, theCountypartners with a member of the private sector who is willing to invest capital,
anddesign and deploy infrastructurén addition, the private partner wouldssume responsibility for
asset management, nebrk services, and customer relations. In turn, theufity facilitates
construction through economic and procedural incentivexluding tax benefits, streamlined
permitting, publicrights-of-way accessand allowing contracted inspectdisaccelerate construction
project timelines.In a besicase scenario, these processes can reduce the cost of outside plant
construction by up to an estimated 8 percent.

Examples of this model are most visible in the efforts of Google Fiber in citiesisuwstin, Kansas

City, and Nashville. Though Google primarily works with larger municipalities, themgniScant
demonstrated evidence of smallercomparfies A Y 1§ SNBad Ay SyaGSNAy3I | LI N
companies look to maximize theiofential by offering local businesses and institutions targeted
services.

This partnership model is ideal for communities wishing to keep publicasdstv as possibleand
frequently results in increasetbroadband marketplacecompetition and incumbent guipment
upgrades. However, in am- or underserved localitguch as the North Enthese benefits most likely

would not beimmediatelyrealized. Further, this model prevents theudty from obtaining any

control over theinstalled networkassetsor constuction timeling and can prove to be a public
relationsriski®@ 2 YSGKAY 3 3I32Sa gNByYy3I 2y (KS LI NIHySNDa Sy

2.1.1 Case Study: Holly Springs, NC

The town of Holly Springs, North Carolina is a fantastic example of this partnership model in practice.
Based on Towamade design and engineering plans, the Town built a robust fiber backbone capable

of a dramatically higher capacity than broadband need deemed necessary at the time of construction.
By creating a futurgoroof, widely distributed infastructure, the Town pssesse@ powerfultool to

attract potential private partners. Leveraging this fiber asset, the Town sought partners capable of

bringing lastmile fiber to each householdnd business in the area.

In addition to the infrastructure itself, the Town creatgublicies andprocedures, whichclearly
demonstrated its interest in facilitating partnership. By stréi@ing government processeallowing
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access toinformation and facilities, and providing project facilitation and support, the Town
demonstrated its dsire to be an active partner with the private sector.

In mid2015, Ting Internet announced would partner with Holly Springs to expand network
connections throughout the are&lot only did the Town attract Ting with the ability to lease middle

mile fiber, but it also secured its confidence by enactitlyantageougolicy.¢ A y 3Qa Ay @Sa i Y !
town is well underway with construction tihe first few large residential subdivisions complete, and

the officialactivaion of ts firstFTTP customer annourgtén January 2017.

2.2 Model 2 z Private Execution, Public Funding

The second model istagher publicrisk higher public benefivariation on the traditional municipal
ownership model for broadband infrastructur&imilarto current models used in the U.%r
highways, toll roads, and bridges, this moideirequently used in Europe

In this model, the public entity makes a significant investment, while the private partner assumes a
combination of engineering, construction, financing, operations/anohaintenance responsibilities.
Depending on the partnership, sources of public capital may come from the local government, or in
some models, a fee assessed on local property owners.

This model benefits the public partner as it capitalizes on the prikdteNIi y SN & a i NBy 3
turnkey network services over an extendpdriod (20-40 years)By removing the logistical barriers

to a locality accomplishing such a large project,ghe&nership provides an effective solutiéor both

parties by enablingrivate execution and capital.

The solution comes with the highest public risk of our three proposed models. If the private partner
is unable to generate enough revenue to recover cost, or even sustainable profit margins, the public
partneris still reponsible, assuming the role of guarantor for the project. Further, the competitive
nature of the broadband marketplace introduces inherent political problems. Were the County
unable to garner enough support for the project, or a significannberof resicents choose not to

use the infrastructure, progress may be stalled or thwarted entirely.

2.2.1 Case Study: Macquarie Capital

Macquarie Capital pioneered this model in broadband infrastructym®posing ascenario for
network expansionBy using public fundingt looks to execute a complete FTTP network with
potential longterm revenue benefits for the public.

In its proposed model, Macquarie offers to provide network financing, construction, operations, and
service delivery. In return, the locality paysicquaie on an ongoing basis using funds collected from
placing a monthly fee onNB LIS NI @ 2 ¢ Y S NA fodetizudgésts ihat adtikngassasp ¢ K
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multiple ISPs will be able to compete to use the network to provide sentiwdscal homes and
businesses, féectively lowering prices for customers.

Macquarie theorizes that afteihe construction period, service revenue will grow over time. As this
occurs, a portion of the profits will be shared with the locality.

This model has been implemented to construdQPIA, a broadband network infrastructure of 15
communities in UtahThe partnership secuteMacquarie to finish construction and provide network
service for 30 years, using capital generated from the monthly property owner utility fee. Deterred
by the fee several communities have opted out of the UTOPIA project, revealing a large risk in the
Macquarie model: the suggested utility fee may prove too heavy a political lift in some communities.

2.2.2 Case Study: SiFi Networks

SiFi Networks proposes anothget-untested model to use public funds and private partner contracts

to build an FTTP infrastructure.y G KA & 2LJiA2Yy S (GKS L{t LINRPOBARAY
O2aida sAUK Y2y lKfte LIevySyda (G2 GKS LI NIGYSNI (2

Compensated blease payments from the public sector, SiEtworksprovides financing and turnkey
network construction and operations. After the initial buddt, SiFiNetworks brings the public

partner one or more ISPs to provide services. The ISP(s) then contvatt(f)e locality to pay for

0KS 2LIR2NIdzyAde G2 dzasS GKS ySidg2N)] 4G  yS32aGA

The main benefit of this moddies with actual costnegotiated paymerg from the ISEs)to offset

lease payments to SiRietworks The inherent 8k hinges on SIBIS (1 ¢ 202885y L{t 640 Q
realize significant revenue and profit margins. If the service provider were unwilling or unable to
continue under the model, théocal governments left to bear the burden of payment® tSiFi
Networks

2.2.3 Case Study: Symmetrical Networks

Symmetrical Networks suggestpartnershipsimilar to the abovenodels, but with a few important
changes, namely giving the public partner choice in the ISP toamskthe potential to negate the
publicLJr NIy SNR& Y2y iGKfeé LI eyYSyila

INRYYSINAOFE bSGg2NJaQ LIXIyYy:E (GKS O2YLIlyeée yR
construction of a network operated by a public partrarosen ISP. The public partner pays
Symmetrical Networks a leapayment, whchg A £ £ O2 OSNJ G KS O2YLI ye&Qa
YR YFENBAyad Ly Gdz2NYyEX GKS L{t LI &a (G§KS Lz f A
to Symmetrical Networks.

RS
O

27



Feasibility Studyof Broadband in the North Enfd January2017

It is important to note that this model is estimated to be viablgh a community take rate of 35
LISNOSyG® [A1S {ACA DbSG62N] Qa Y2RSt>X GKS @AlIO0OA
generate sufficient revenue to cover its payment to the locality, its costs, and an acceptable operating
margin. Thus, therissignificantinherent risk to the public partneif revenue falls beneath obligatory

levek, the locality is still responsible for payments to Symmetrical Networks.

2.3 Model 3 z Shared Investment and Risk (Public z Private Partnership)

The third modelepresents a partnership in the truest sense of the word. In this model, the unique
strengths of both partners are capitalized, and the primary benefit arises from each partner sharing
the heavy lifting of the project.

In this model, both partners develag strategy to work together to realize their common goal in a
framework unique to the project and locality itselfhe public and private partners both leverage
assets as appropriatand negotiate logistics such as service provision, customer servicatmpesy,
and maintenanceto effectively realize their common goaFor greatest succesfioth must
demonstrate willingness and an ability to compromise for the greater success of the project.

This concepmanifests in a variety of waystdguently, the public partnerprovidesfiber already in

use for civilservices, and the private partn@mveststo expand said fiber to develop a robust FTTP
infrastructure. The LJdzo t A O LI NIy SNJ NBOSA @Sa IWedsfitd, Ancliiddg & 2 F
substantial educatinal, health, and environmental benefits. Additionally, the private partner secures
considerableupfront and longterm savings and enormous operational capabilities.

2.3.1 Case Study: Westminster, MD

The city of Westminster, MD demonstrates one of the most essful instances of this type of
partnership.Greatly underserved by incumbent providers, and locatecn area with no major

highways the City found itselvith little potential for economic developmenin 2010, Maryland won

a federal award to bringlder infrastructure to the state, and fiber was constructed within the City.

The City wanted to expand the fiber within City limits, but did not have a municipal utility to help
encounter the problem. Further, the City had neither the resources, expeniseahe political will to

build a competitivdSP The City made a visionary shift in perspective: viewing the fiber assets brought
by the state as an asset like water and sewage lines, noting the possibility of using the infrastructure
for public good.

The City decided to build, own, and maintain dark fiber. They then sought a partner to light the fiber,
provide service, and handle customer relations. Tdliewed the City to remain independent of
network and customer operations, mitigating managemerksis
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After releasing a request for proposathe City partnered with Ting Internet g K2 & KIF NBR
vision of an operaccess network facilitated by a strong partnership. While there are elements of risk

to both partners, the partnership ensures botides will be active partners in the deal. The City
assumes the risk of funding the dark fiber, while Ting will pay the City di¢wexl lease payment,

one portion based on the number of passings in the network, and the second portion based on the
number of subscribers orthe network. This structuréncents Ting tdooth accrue customers, and
continue to provide quality service to those already subscribed.

Further, the partnership secures mutual financial benefit for both partners after the network is
depled SR YR TFdzy OlA2yAy3ad ! y& ljdzZ NISNI 6KSNBE ¢ Ay =
needs to cover debt seiae, the provider will pay the City half of thaeficit. In any quarter where
¢cAy3aQa 20f AT 0GA2yAa NBE INBFGSNE (GKS LINEJARSNI
¢CAy3d KAdGa OSNIFAY NB@GSydzS GKNBakKz2fRaxz Al oAff

This partnership i® solid exam@ of ideal mutualityin a partnership:capitalizing on strengths,
mitigating risk, and reaping shared rewards.

2.3.2 Case Study: Garret County, MD
Garrdt County demonstrates a succesgartnership, whicltloselyresembled | NF 2 NR / 2 dzy ( &
broadband landcape at present.

The area is a relatively remote community, which struggled to obtain dependable internet service due
to its mountainous terrain and remote households. Before construction, the only service available
was eitherthe inadequate speed dSLlor mobile wireless broadband, hindered greatly by data caps.
For this reason, the county struggled to attract andaretbusinesses and teleworkers, aadable
home-based businessemdschooling.

The County decided to gradually build fiber out to certastitutions, hoping they could eventually
leverage the asset to attract a partner to help to expand the network to households in thelarea.
September 2015, Declarations Networks GrdDING)partnered with the Countyo deploy a fixed
wireless networkto the underserved areas in the County. After an ini€@aduntyinvestment of
$750,000, matched by the Appalachian Regid@ammissiofARC)DNG committed to more than
match the County to providéoth capital and operational expertise to the project, ehag the
County to reduce the number of homes without broadband access options to nearly zero percent.

While this partnership does entail a sizeable County investment, the money comes with enormous
economic value for the dollar, enabling home schoolinggwerking, and bringingnternet service to
roughly 3,000 unde2 NJ dzy a SNIWSR K2YSad ¢KS /2dzyieQa | oAfA
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willingness to take on some of the risk attracted DNG, enabled the partnership to bring broadband to
nearly evey home in the County.

2.4 Potential Partners
hyS 2F GKS /2dzyieqQa 3I2Frfa Ay (GKAA FTSIaraoAfAidhe
to partner with the County to address connectivity gaps.

2.4.1 Overview of Discussions with Potential Partners

CTC conducted higlevel discussions with WISPs in the Harford County area to gauge the amount of
AYGSNBaG Ay (GKS /2dzyieQa 321K fax ARSyGATe 02y 0O
County. In identifying these potential partners, we suegyl8 ISPs and WISPs, five of which
expressed potential interest in providing services to the North End.

In thesediscussions ¢S S ELJ | Ay SR idénffiSd pétehtidytliabetygs oftizelprjécs

and requested the provider share any concernstoategies for bringing services to the area. We also

3 dASR (KS LINPJARSNDa LINBaASYyOS Ay | I NF2NR [/ 2dz
operating fixedwireless equipment and networks.

Of those providers not interested, the primatgterminerwas the low population densityf the area
deeming large investmenin new infrastructurefor a small customer base unfeasiblslultiple
potential providers expressed that they would not be ablguistify standardpole leasing fees due to
the low rumber of customers servedCompanies also were quick to suggest that partnerships
frequently involve assuming nemaditional roles, processes, and services for which they felt unfit or
simply did not want to navigateumbersome responsibilities with liglpayoff.

The providers who expressed interest were clear that expansion netmenake sense financially.
Further,that the County would need to understand the unique pricing schemes necessary for both
user and provider to make service provision feasiglech provider had uniqgue models it suggested
for the North End each with unique concerns. Most providerspeesseda need for high speed
internet from the county, and expressed that County willingness to build middle mile fiber enhances
the attractiveness of the project greatly.

FreedomBroadbandg Interested in provision over a fixaglireless network, using existirsfyuctures
(buildings, silos, water towers etc.) as poles or towers. In this business model, Freedom provides
ASNIDAOS FSS AyOSyiAagSa G2 ySg Odzad2YSNR G2 |
LINSYAAadSar SylofAy3a GKSI GNP IARSSIMAOFR22OLINKF (O ¥
obtainingwholesalelit fiber within the County to broadcashiernet to residences and businesses.
Freedom is not interested in using Couwpiovided electronic equipment for the last mile of the
network, unkss it is the same hardware it is already using in other networks. Freedom is interested
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in a partnership model like the one it is currently involved in in Howard County. In this partnership,
CNBESR2Y YR (GKS [/ 2dzyi& KI @S Ithf pattnérs shardififddmation, 2 2 & S
and the County suggests where Freedérda SELJ yaA 2y 62dzZ R 0SS Yz2aid 068

Port Networksc Interested infurther discussion to identify a solution, but expressed if a viable plan

is created, it would be vgrinterested in partnershigt. 2 NI bSG62NJ aQ YIFAYy O2y
2T UKS LINRP2SOUX &adA3SadAy3da AF GKS [ 2dzyieée O2dz
ySis62N)] SELIyaArzy asSSvya OralofSzI Al ,Caudgbit 65 ¢
middle mile fiber is necessary, and Port Networks would own and operate the wireless electronics to
deliver lastmile services.

QuantumIinternet Serviceg Interested in both fixeevireless and greenfield FTTP models. Quantum
would like todevelop a strategy to serve both the North End and the more densmbylated

southern parts of the Countyn its estimation,the biggest concerin the North Ends the priceof
construction, coupled with the headache of bureaucratic process. Were Quomritu pursue
SELIyarzys (GKS LINRP2SOG 62d# R ySSR (G2 oSY a@SNJ
be especially interested in a model where the County builds and lights poles, and provides space on
the poles for a feasible lease fee. Furthdre provider would need to figure out how to get
O2yySOUA@AGRE Ayl2 GKS [/ 2dzyteées odzi vdzr yidzyQa N
task.

Sugarloaf Network Systeme Interested in a fixeeireless model wher¢ghe County provides high
speedinternet, and Sugarloaf constructs €6ot poles (enough to reach 10 to 20 feet above tree

tops) to broadcast signals between towers throughout the North End. In this model, Sugarloaf expects
the County to facilitate zoning and permitting to expedite p@e y & 4 NHzOG A2y @ { dza | 1|
concern is being able to own their own poles so that they do not have to deal with the logistics of
electronics maintenance gorivately ownedpoles. In turn, it is also concerned about providing power

to these poles, egxially in remote areas. For this model, the network infrastructure is mostly
wireless, providing backhaul connections across terrain where OSP fiber may not be feasible.

Telegiaq Interested in a true partnership, with solisheasurablebenefits for bothparties. The
company is open toéhe models proposed in this report, but with a clear emphasis that the County
would need to facilitate processes on its end and allow the partner to operate a successful ISP. Telegia
stressed that pole lease rates would needreflect the low number of customers being served, and
County network assets would need to be managed in a way that outages and other issues are quickly
and efficiently solved. In our discussions, pricing for Telegia plans for similar network inf@astruc
models were quite high compared to more denspbpulated areashut the company points out that
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at times customers need to share some of the cos$tbuilding in excessively difficldurrounding
terrain.

2.4.2 The County Can Partner Imminently with One or More Wireless Providers for
Minimal Investment

The County is in a position to take small steps and incur minimal cesidowith one or more private

partners toencourage deploymenrd fixed wireless solution in the North Erehd there appears to

be significant interest from the private sector in partnering with the County

The existing towers could serwearly 50 percent of potential customers in the effective coverage
area. That is, the County cancourage deployment with lowost tower attachmets and backhaul
from the towers. With this approacprivate WISPsould potentiallyreach approximately half of its
target 12,900 passings in the North EAd.we noted, this does not address the remaining 50 percent
of passings, which will be more diffitto reach.

However, if the County lowers barriers forL { ,tthi3d@nay enable the private sector to take its own

steps toward penetrating the North End beyond the initial, eas#iywved 50 percent. The County may

work with its partner(s) to develop corgctual obligations that ensure the partner(s) continue to
obtain additional customer3g KA OK Yl & KSf L) 4261 NR GKS /[ 2dzyie
12900 passings in the North Engbarticularly if the County decides to offer tower access at no cost

to one or more private providers.

Of course, the County cannot foregpartnerto build ordeploy in areas where the private provider
cannot obtain a favorable return on investment (R@fjich is why the incumbent upgrade model we
discussedin Secticdh4A & 2F0Sy y20 adzZFFAOASY(d G2 I RRNBRaa Y
can find ways to incent investment by offsetting costs for one or more private parttiessmay be

a reasonable approach to driving infrastructure deployment deeper into the target service area. If a
private provider does not have to pay for access to a tower or backhaul, it may be more willing or able

to deploy:.

5While CTC cannot provide leggiidance, we encourage the County to work with its legal counsel to ensure that any
partnership contract it enters is carefully negotiated to ensure the most mutually favorable partnership arrangement.

32|



Feasibility Studyof Broadband in the North Enfd January2017

3 Middle Mile Fiber and To wer Access to Incent Investment

Developing a solution to address the need for improved broadband services in the more rural areas
of the County presents unique challenges, particularly if the strategy must provide a return on
investment and ongoing revenadhat cover operating costswWithout consideration of secondary
economic development benefits in the loterm, the market potentiah y G KS / 2 dzyigd @ Q&
not likely to support a FTTP deploymengiven the low density of potential business angidential
customers. We thus begin our examination of technical strategies to deliver broadband connectivity
to the North End with a relatively lowsk approach that could potentially attract a private partner
with little or nonew investment by the Couwnt

Specifically, the proposed technical solution consists\Wi&Rinstalledfixed, unlicensed broadband
wireless network leveraging only existing County fiber and communications towers. This approach
would enable a commercial provider to deliver fixedrekess broadband services to a large
percentage of the underserved and unserved residents and businesses at speeds contpa@ble
greater thanthat of DSL and similar fixed wireless services available in neighboring Counties (generally
10 Mbps, or legs For a limited number of customers, speeds upwards of 50 Mbps would be a
reasonable target, particularly for businesses.

The County might be able to reduce cost barriers sufficiently to attract a commercial provider simply
by offering access to exisgncommunications towers, as well as HMAN fiber for backhaul.
Alternatively, the County could conceivably build and operate the network itself with contractor
support. In either case, this strategy represents a conservative approach to facilitating a much
needed service to existing residents and businesses, while promoting economic growth that might
lead to more robust services in the future.

The following sections describe the technical approach and associated deployment costs of this
candidate approachPlease note that the costs presented in this section would be the responsibility
of the WISP.

3.1 Technical Approach

The proposed plan consists ofeating broadband wireless access points frtowers currently
supporting County radio communicatigngnd leveraging HMAN fiber opticsfor backhaul
connectivity At each tower location, base station wireless equipmerduld be installed to
communicatedirectly with CPE located within & estimated range of up to five mileIhe base
station radios wuld operate in the unlicensed 5 GHz band, which provides substantially more
spectrum than the 2.4 GHz band, allowing the use of multiple;ow@rlapping 40 MHz channels at
each location to increase capacity and coverage. We anticipate each tower would be equigiped w
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up tofour dedicated base station radios and directional antennas, each providing coverage over a 90
degree sector.

Communications in the 5 GHz band, as with 2.4 GHz unlicensed spectrum, are prone to degradation
due to physical obstructions, and uditsed bands have the inherent challenge of interference from
other widespread, competing use However, the use of multiple input, multiple output (MIMO)
technology, similar to that which is used in the most recent versions 6fi\(@02.11n ad 802.11ac),
coupled with highgain directional antennas provides substantial tolerance for obstructions and
interference, as well as much greater range compared to typical mobile applications of this spectrum
(e.g. WiFi and cordless phongfor examplé.

Each antena should be installed on the towers as high as possible to maximize the potentiaé-
of-sight (LOS) to thEPEALt the customer location, the CPE will likely be mounted to the@ideof
of the building facing the closest tower. The CPE can asmdunted to a pole on the roof of a
building, and will connect directly to an indoor custer interface device providingoth WiFi and
hardwiredEthernet connections.

A highlevel schematic illustrating this candidate solution is showRigure3.
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Figure 3: Wireless Broadband Concept
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This solution would not support mobile access, but rather would be limite@dtmections between
the base station radios and CPE radios installed in fixed locatiogher words, each connection
will be part of an engineered solution, with installation effort comparable to thatiggct broadcast
satellite television service.

3.1.1 Tower Sites

Thee are five candidate towers currently used for County radio communications, each connected to

HMAN fiber Figured). Each of these towers are relaly large structures capable of supporting leng

range microwave communications equipment, and likely could support the comparativelly minimal
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structural and electrical requirements of the candidate broadband solution with little or no
modification. Each wadd be used to support up to four base station radios mounted at a height near
the top of the structure, as listed:

Conowingo Toer (FCC registration 1234643), 346t
Hickory Tower (FCC registration 035848), 322 feet
Lapidium Tower (FCC registratibd62377), 170 feet
Madonna Towe (FCC registration 1062375), Ifé@t
Whiteford Towe (FCC registration 1062373), Zeet

= =4 A4 -4 A

We note that all but the Conowingo tower are Couotyned, which is owned by the State of
Maryland. A candidate commercial provideould likely incur lease fees for access to this tower,
unless the County could negotiate access on its behalf.
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Figure 4: Candidate Wireless Broadband Towers
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3.1.2 Technical Specifications
The following summarize the key technical specifications for the radio hardware used as the basis for
our conceptual design and cost estimates.

1 Four base station radios per tower,aaproviding the following:

o Outdoor base station radio unit supporting GHz transmissiord0 MHz channel
widths, and 300 Mbps MIMO transmission (2x2 spatial stream configuration, or
greater)

0 Gigabit Ethernet interface to HMANr commercial provider handofSupporting
oQinCE double frame tagging

o Directional sector antennas prowvidj a minimum gain of at least t3i

o0 RF output power of at least 28Bm

1 CPE configuration providing:

o Outdoor customer radio module supporting GHz tansmission40 MHz channel
widths, and 300 Mbps MIMO transmission (2x2 spatial stream configuration, or
greater)

o Integrated drectional antenna providing a mimum gain of at least 28Bi

o0 RF output power of at least 28Bm

0 Separate indoor customer gatewaguter providing 802.11ac / 802.11n Wi access,
Gigabit Ethernet customer interface, and PoE support for outdoor radio module

Candidate hardwarencludesthe Cambium PMP 450i, Proxim Tsunami, and Ubiquiti airMAX product
lines.

3.1.3 Capacity and Coverage Estimates

Thetotal coverage area of this solutiamthin the North End target areaill be impacted by the ability

to mount CPE antennas @m elevated location with linef-sight LO$, or near LOS0 a base station
antenna Radio FrequencyRf interference is a potential source of degradation when using
unlicensed frequencies, though practice,the high directionality of the antennas and the rural
nature of the target coverage area will provide significant protection from this type of interference.

Figure5 provides a relatively conservative modeling of predicted coverage based dmatdevare
technicalspecificationsdescribed above, as well as: dlacement of base station antennas at the
highest point on the candidate towers; and 2) placement of CPE antennas at 15 feet or more above
groundlevel2 S dzA SR (#3 OBt 2 Y ANS& dzf  NJ ¢ SNNIF Ay a2RSft
coverage analys, incorporating an average ground clutter height of 45 feet to account for foliage,
manmade structures, and anything else that might impact radio wave propagation. While the focus
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of our analysis and cost estimates are the North End boundary depictkd filgure, these coverage
models demonstrate that significant coverage could be achieved towards the southoia
populated,central areas of the County.

Figure 5: Overview of Predicted Wireless Coverage

In total, we estimate lte candidate solution will provide coverage over 149 square miles within the
County, of which 102 square miles fall within the target North End boundary. This equates to
F LILINRPEAYF GStfe ysmnn LRGSYyGALl f pebcenhNd tke o&lyIRI0® dza G 2 Y

The coverage depicted above is neither guaranteed, nor necessarily the upper limit. Coverage beyond
the five-mile target radius per tower is feasible on a céigecase basis, but for capacity purposes, the
conceptual design seeks to limitishrange. Furthermore, our design model and cost estimates
assume CPE antennas are mounted at a modest average height of only 15 feet above ground level.
Indeed, we can expect nearly any resident or business with a taller mounting structure, or who is
willing to install a taller antenna mast, would be able to achieve connectivity to one of the five
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