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Executive Summary

'This report describes the approach that the localities and the Pamunkey Tribe of the Middle
Peninsula Planning District could pursue (the “Project”, or “PamunkeyNet”) as an effort to expand

access to improved and more affordable broadband coverage throughout the region.

'The broadband study convened by the Middle Peninsula Planning District Commission was to
provide the PDC with an effective and actionable course of action that will promote the availability
of affordable, high speed broadband and Internet services in the PDC region . The overall goal of
this effort is to:

p- Identify the kind, type and cost of a highly resilient and redundant broadband network
needed to support the activities of residents, businesses, and local governments in the
Middle Peninsula region.

p Specify the cost and technical characteristics of a high performance, affordable wireless
broadband network that would leverage existing assets, including existing towers and the
King and Queen network, existing public safety towers, and where feasible, some commer-
cial cellular towers.

p Specify the cost and technical characteristics of a first phase Fiber Technology Corridor on
Route 33 that would be integrated with the planned Telework Center.

p Specify the cost and technical characteristics for a fiber to the home initiative on the Pa-
munkey Reservation.

p Identify financially feasible and sustainable strategies to achieve these goals.

p- Identify the steps needed to be taken to initiate and develop the project if a decision is
made to move forward.

VISION STATEMENT
In the Middle Peninsula region, PamunkeyNet will:

« Build and operate a modern high performance wireless and fiber broadband infrastructure
that provides the region with an economic development tool to retain existing businesses, at-
tract new businesses, and help create jobs.

« Provide a robust broadband infrastructure using both wireless and fiber technologies that pro-
vides rural residents with improved Internet and Internet-based services at affordable prices.

* Support small businesses, home-based businesses, and home-based workers with affordable
Internet access and Internet-based business services.

« Provide businesses and residents with a choice of competitive service providers and a choice
of Internet-based services at a variety of affordable price points.

« Create a new Pamunkey Tribe business enterprise (PamunkeyNet) that will assist with fund-
ing, oversee network operations, and manage the business aspects of the Project.
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OVERVIEW OF THE STRATEGY

'The approach for this project has three primary objectives:

« Create a new business enterprise owned by the Pamunkey tribe.

+ Create a network of existing and new wireless towers throughout the Middle Peninsula
region that will have a high performance backbone between towers and local access radios on

each tower to provide affordable business, residential, and institutional broadband Internet
service.

+ Create a fiber-based Technology Corridor on Route 33 between Rappahannock Community
College, the planned Telework Center, and the Middle Peninsula airport.

+ Provide the Pamunkey Tribe with state of the art Gigabit fiber services on the reservation.

'The project will use and expand upon the existing successful King and Queen wireless network.
Tower locations will be identified using several criteria:

+ Make best possible use of existing local government (e.g. county) tower assets, including pub-
lic safety towers and public safety backbone radio systems.

« Where affordable, lease space on privately owned towers to keep capital costs as low as possi-

ble.

« Build new towers where existing tower assets are not available or affordable, including the
Pamunkey Reservation
Tower site identification and placement will be based on a goal of providing the maximum service
coverage possible in each of the six counties in the Project area. ‘The relatively flat terrain of the
Middle Peninsula lends itself well to providing excellent wireless broadband service, but heavy tree
cover will create line of sight problems for some potential users. Some businesses and residents

may find it necessary to install a wooden or steel utility pole to get the customer radio above local
tree cover.

DESIGN GOALS

A network initiative in partnership with the Pamunkey Tribe should have the following
characteristics:

p Equal access to all residents and businesses over time — The goal of the initiative should be
to deliver high performance broadband services to all residents, businesses, and local gov-

ernments/agencies as rapidly as possible consistent with fiscally conservative operations.
p Scalable - The initial design of the network should support a graceful expansion over time.

p Small and home-based business support - The network should be able to support business
needs, especially small businesses, business from home, and work from home opportuni-
ties. This is particularly important for future business attraction success.

p Enterprise business support - Provide business and carrier-class services over a fiber back-
bone to attract medium and large businesses to the region.
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p Redundancy and Resiliency — The network should be designed to achieve a redundant
“ring” architecture to minimize downtime from accidental fiber cuts and network equip-
ment failures. Residents, schools, businesses and anchor tenants should have a high relia-

bility network.

p Business Approach - Infrastructure investments by the enterprise should be carefully tar-
geted to be financially sustainable over the long term. The goal should be operational ex-
penses managed on a cost-plus basis.

p Funding Strategy - The enterprise should develop a “basket” of funding options, including
long term service commitments from anchor tenants (e.g. K12 schools, the local public
safety agencies, etc.), state and Federal grant opportunities, revenue from the network it-
self, and one time fees for costs associated with connecting a new customer to the net-
work.

NEXT STEPS

Next steps include:

« Identify the initial partners and interested parties that are ready to commit to the project,
including the Pamunkey Tribe, the Middle Peninsula PDC, Rappahannock Community College,

and other regional entities.

Identify legal counsel for advice on company formation and tax rules. While tribal businesses are
exempt from Federal taxes and may be exempt from state taxes, the entity may still have to
register with the Virginia State Corporation Commission (SCC) and file annual reports even if
there is not tax liability.

Formation of the legal entity that will be responsible for the ownership and governance of
PamunkeyNet. This would be formed by and owned by the Pamunkey tribe with a governing
board/partners that include regional entities like the Middle Peninsula Planning District

Commission and Rappahannock Community College.

* Once the entity is formed, it should register as an ETC (Eligible Telecommunications Carrier),
which would give it access to certain kinds of Federal and state grants and loans.

Identify a basket of funding sources for capital projects (fiber backbone, colocation facility, and
regional wireless expansion).

« Begin working with the counties to identify additional county-owned sites where towers could be

located.

* Begin close coordination with county-level and any regional public safety tower projects, which
could provide a valuable source of funding where towers could support dual use—public safety

voice/data communications and wireless broadband access.

» Identify additional planning funds to support detailed network design activities for both the
wireless and fiber portions of the planned network.
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Improving Broadband Access

In the Middle Peninsula region, both fiber and wireless technologies and systems are going to be

important to meet the goal of improving access to broadband. The rest of this section provides
more detail and some specific build out strategies. There are three major parts of any modern
network:

+ The Core Network provides access to the Internet, a place for service providers (ISPs) to dis-
tribute their services locally on the network, and for larger institutional and business cus-
tomers to meet service providers. The King and Queen network has an existing wireless core
network. As the network expands regionally, a colocation facility and meet point at the Tele-
work Center will provide the equipment space and facilities to support continuous expansion
of both the fiber and wireless portions of the network.

« The Distribution portion of the network connects the Core Network with collections of
users. The Distribution network will include both fiber and wireless portions of the network.
» The Access or Last Mile portion of the network connects individual users and businesses to
the network, and like the Distribution network, that connection will be by fiber or by a wire-
less link.
For improved wireless access in the region, the Project can use existing and new towers to improve
access to broadband services. The well-established model of local fiber access supported by a high
capacity wireless link can be used as an important business attraction and retention tool. This
hybrid wireless-fiber model can also be used to provide rural residential fiber service to support

work from home and business from home opportunities.
Businesses and residents in the region may obtain Internet service:

+ With a small radio directly attached to their home or business that receives a signal directly
from one of the Project towers.

« With a small radio attached to a utility pole (60 or 70°) to improve line of sight to a Project

tower.

« With a small radio directly attached to their home or business that receives a signal from a
“community” utility pole. The “community” pole with receive a signal from a distant Project
tower and redistribute it locally to a cluster of customers (typically within a half mile).

« With a fiber connection to the fiber installed along Route 33 and in other areas as additional
fiber network segments are added.

The existing King and Queen network uses point to point wireless component which provides
backhaul between towers and for redundancy and improved service reliability.
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The table below summarizes how fiber and wireless can work together in a variety of ways.

Distribution Type Access Type Capacity

Typical customer connection starting at 5 to 10 Megabits,
can be higher, with 50 Meg connections common. More

Wireless Wireless dependent on the capacity of the wireless Distribution
link.
Users can have fiber Gigabit connections locally, but total
. . throughput dependent upon the capacity of the wireless
Wireless Fiber link, which can be up to a Gigabit, depending on distance

and budget.

Any amount of bandwidth needed, with standard

Fiber connection typically a Gigabit (1,000 Megabits).

Fiber

Typical customer connection starting at 5 to |10 Megabits,
can be higher, with 50 Meg connections common.

Fiber Wireless

Core Network

Service

Customer Connections: Provider

Many varieties of indoor and outdoor customer Backhaul
Connections

devices (ONTSs/CPEs) are available, and will be Co-location and Core

tailored to meet the needs of large institutions, or
businesses, or residential dwellings.

Network:

At the Co-location facility or
co-lo service providers will
install equipment that
interface with the network.
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LAST MILE ACCESS

'The Last Mile Access is the portion of the network that connects customers to their service

provider and the Internet. Both broadband wireless and fiber links can be utilized to provide
service.

There are several ways that customers can receive

service:

p Service providers can install their own lo-
cal access radios on the Distribution tow-
ers, using both point to multi-point and
point-to-point radios to deliver service to
their customers.

Tower Access
p A single user utility pole (or inexpensive Point Top View
steel lattice tower) can be installed on the Utility Pole ‘:]
property of a single resident or business. A Fiber or Wireless to users {
radio at the top of the pole receives service 0 - /nge;“nk/
from another tower site (typically one of o
P . Customer
the Distribution towers). 0 Fiber Ik to neighborhood |:
p A utility pole (or inexpensive steel lattice 0 < el profee Switch & ||
tower) can be installed near a cluster of o @0 Power Equipment
homes (e.g. a rural residential sub-division, “Community” Utility Pole -:]
several homes in close proximity on a rural PtPorOmniWireless _.—-= ;E
road). Service providers can install their %_ e e —Z =7
point to multi-point radios on this pole Customer T '// R
and provide economical service to several @ . e - Switch & I:
customers from a single pole. o % @7/ Power Equipment
Customer >
p A utility pole (or inexpensive steel lattice B
tower) can be installed in a rural subdivi- @ > Fiber link to neighborhood Cabi
. A A i . fiber project abinet
sion. A service provider installs a point to @0 ,
point radio on the pole, and fiber cable can @0 o Ecuip

Power Equipment
be run from the pole past several homes to

offer fiber service with wireless backhaul.

p Customers near existing fiber can have a fiber drop installed directly to their home or busi-
ness.

For the fiber to the home project on the Pamunkey Reservation, fiber will be deployed to the
premises in the cluster of homes and community buildings in the area around the Pamunkey Indian

Museum (about 40 homes and community buildings). A wireless tower will provide high
performance Internet backhaul connectivity to the local fiber.
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DISTRIBUTION NETWORK

Distribution is the portion of the network between the Distribution sites to the Last Mile Access
portion of the network. It is desirable for each distribution site to have a connection back to more
than one Distribution site (tower) on a redundant ring. This ring topology protects against
hardware failure at the port level and does provide some protection if one of the tower to tower

wireless links is disabled by an equipment failure.

These tower sites are typically 120’ to 180’ tall to provide
the height needed to enable Line Of Sight (LOS) between
towers, and for local access, to enable service providers to

mount point to multi-point radios on the towers. That is,

the towers provide two functions: - -
« Space for backhaul connections to other towers in Y, .,
the region.
g . / m Fiber to
* Space for local access radios to provide Internet ac- / ! 3 nireless
connection
cess within 2-3 miles of the tower (or farther with ‘ /
good Line Of Sight). /.
/ Battery
« 'The existing King andQueen network provides good Backup
) ) , Equipment
coverage in many parts of that county, and this mod-
. i R / Patch Panels
el will be expanded to provide service in the other and Cable
. . . .
Middle Peninsula counties. / Management
+ The Technology Corridor between Rappahannock ,
Community College, the Telework Center, and the /
Middle Peninsula airport will provide the first phase
of middle mile (distribution) fiber. Additional fiber
segments can be added as needed.
Distribution
fiber to
access fiber
link
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CORE NETWORK AND SERVICE PROVIDERS

In the past, the telephone company switch office (Central Office, or CO) has provided that
function. Today, many communities have either a community-owned data center or a privately
owned data center that offers an affordable range of options for customers of broadband services.

'The Co-Location facility provides a meet point
for various public and private fiber cables and
networks to inter-connect. In the Middle
Peninsula, the planned Telework Center, on the
Route 33 first phase fiber segment, would be an
ideal location for a colocation facility and

service provider meet point.

A colocation facility is a controlled environment
(i.e. secure, heated, and air-conditioned) room
with Internet access through wired and/or
wireless systems. The colocation facility is a
place where fiber, wireless, and copper-based
network facilities meet. It is equipped to house
high-end network equipment, servers, and other
electronic gear. A variety of middle layer
network components and services can be
located within the co-lo including, for example,
directory services, replicated content servers,
routing services, and other elements needed to
deliver new multimedia services to the home
and small office from multiple, competing

providers.
Characteristics of the colocation facility are:

p A reliable source of AC electric power
is required, with backup UPS (Unin-
terruptible Power Supply) service, and
additional power backup available by

an onsite generator.
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p Controlled access to the facility (e.g. by electronic keycard) 24 hours/day, seven days a

week.

p Racks for locating network equipment and servers, and optionally locked cages for equip-

ment racks.

p- Sufficient cooling capacity for the network’s current and long-term needs.
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Network Design and Cost Estimates

ABOUT THE COST ESTIMATE SUMMARIES

The estimate tables in this section shows the estimated costs for the tower improvements and new

towers. Additional cost estimate information will be included in the next draft of this report.

TOWER CONSTRUCTION

The line items for each named tower
include the cost of the tower, site
preparation, estimated cost of electric
service, generator cost and placement,
cost of the tower, and labor to assemble
and erect the tower, and backbone
equipment.

FIBER CONSTRUCTION

Line items contained in the fiber

construction estimate include the labor

needed to install underground conduit,

place the fiber in the conduit, place handholes and splice closures, and the equipment needed to
provision the lit network.

PROJECT MANAGEMENT

Project Management, Network Integration, Configuration, and Testing for a telecom build requires
thorough and detailed planning, experience in procuring construction materials for a telecom
project, and the ability to oversee and convey project information to contractors through the
duration of the project, including construction inspection work (ensuring construction contractors
have done their job properly).

Some configuring and testing will take place after the network is built and before it is ready for use.
'This fee includes all of the project management, contractor supervision, procurement activities, and
many other activities related to getting the network/towers built.

ENGINEERING, CONSTRUCTION INSPECTION, AND PERMITTING

This work include a full design of the outside plant network (towers), cabinet specifications, and
extensive detail (CAD drawings where needed) that specifies how the wireless towers and network
equipment (if any) is to be installed. These documents have to be completed prior to bidding out
any construction work, and are usually included as part of a construction bid package. The detail site
plan engineering if required, and any other engineering, inspection work, and permitting necessary
to complete construction.
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Some costs will be incurred based on the permitting requirements of the project. If shelters/cabinets
are able to be placed on some properties at no charge, the cost of leases will be lower. If cabinets or
shelters have to be placed on private property, the cost of the land or long term leases will increase.
Some property owners prefer to receive ten or twenty years of lease payments up front, which can
make this cost unpredictable. The cost of permits needed for crossing wetlands, streams, other
sensitive areas, and State, County, or City permits are also included in this category.

MISCELLANEOUS FEES AND TECHNICAL SERVICES

Many projects routinely incur a variety of mostly small amounts for fees and services. Typical items
might include railroad crossing fees, lease and title fees, notary fees, legal fees for lease agreements
or other legal matters, fees for archeological studies, etc.

BOOKKEEPING AND ADMINISTRATION

Network projects create substantial amounts of paperwork, invoices, and related bookkeeping
requirements. This amount may vary based on whether or not the Project has the work done by an
outside firm or by Project staff. Projects funded by federal or state grants often have additional
reporting requirements that increase the requirements placed on staff and grant administrators.

CONTINGENCY

We recommend that a small contingency fund be allocated for unanticipated expenses which could
include higher than expected construction costs or retail costs, higher site leases than expected,
archeological discovery and research, right of way acquisition, and other unplanned costs.
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WIRELESS NETWORK DESIGN

A conceptual network design for a regional broadband network is illustrated below, using a wireless
architecture similar to that currently employed in King and Queen County. The design includes:

Full redundancy — Each of the 27 (estimated) sites is connected to 2, 3,4, or 5 other sites. Failure

of any single link will not interrupt customer service. Two thirds of the sites have links to three

other sites, meaning they can tolerate two point to point link failures and continue to function.

Licensed frequencies — The point to point links will use licensed radio frequencies to minimize

interference problems and to improve performance.
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Excellent coverage — The estimated number of sites is based on the propagation studies in the
previous section that indicates 90% or better coverage is available. Individual customers may still
have line of site issues, which can generally be addressed with a local utility power or inexpensive

steel tower.
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Segmentation — The multiple point to point links, coupled with careful traffic routing, will enable

the network to provide good bandwidth based on local customer traffic demands. Internet feeds

can be accommodated in several locations throughout the network.

WIRELESS TOWER COST ESTIMATES

This section of the report provides an estimate of the cost of constructing new towers where they

may be needed.

Any placement of new towers should be preceded by a careful viewshed analysis (how much area/

users are likely to be able to receive service). Site acquisition and site preparation costs can affect

the overall cost of such a project. Existing county properties (e.g. fire/rescue stations, county parks,

dump transfer sites, etc.) may be candidates for towers.

TOWER-

SPACE ONLY COST ESTIMATE

For towers currently owned by the localities (e.g. public safety towers) that might be candidates for

Project use, modest upgrades to equipment at the base of the tower would make them “broadband-

ready.” Upgrades to existing towers typically may include adding or upgrading generators,

additional cabinet or shelter space for service provider equipment, and sometime fencing and

physical access changes.

Estimated Cost BN
I ITEM/PROJECT UNITS (Caganadi) (\;‘(/Eéﬁl:gg)D
2 |Small Telecom Cabinet | $6,000 $6,000
3 | 10kW Liquid Propane Generator | $6,000 $6,000
4 | Cabinet Foundation and Installation | $800 $800
5 |Spare Fuses I $20 $20
6 |Power System Installation Materials I $40 $40
7 |Samlex 1000WV Inverter I $450 $450
8 |Samlex SEC1230-UL Battery Charger I $300 $300
9 |100ah 12v Non Spillable Backup Battery I $350 $350
10 |DC Voltage Monitoring Device I $60 $60
I'l |Unmanaged Rack Mount PDU (60) I $45 $45
|2 | Cabinet Installation Labor | $1,000 $1,000
|3 |Power System Installation Labor | $500 $500
|4 |Generator Installation Labor | $1,700 $1,700
I'5 | Ubiquiti Access Point + 120° Sector 3 $375 $1,880
|6 |Project Management 18% $3,446
| 7 | Estimated Construction Cost $22,591
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NEW TOWER ONLY COST ESTIMATE

New towers have a range of configurations and cost options. This estimate is for a new 180’ tower

with no radio equipment (that is, the cost of the bare tower). If located on existing county

properties, the time needed to plan for construction can be shortened. If site acquisition or a site

lease (of private property) is required, purchase or lease negotiations can add several months to the

process. Note that some counties may require a full permitting process even if a new tower is

placed on existing county-owned property. The permit process can add sixty to one hundred and

twenty days to the time needed to put a new tower in service

BEST
ITEM/PROJECT UNITS | cosT(HIGH) (vasET|IcT+fTTEED
AVERAGE)
2 | Small Telecom Cabinet | $3,000.00 $3,000
3 | I0kW Liquid Propane Generator | $6,000.00 $6,000
4 | Cabinet Foundation and Installation | $800.00 $800
5 | New Power Service / Installation | $1,250.00 $1,250
6 | 180’ Self Supporting Tower Construction Materials | $22,000.00 $22,000
7 | Spare Fuses | $20.00 $20
8 | Power System Installation Materials I $40.00 $40
9 | Samlex 1000WV Inverter | $450.00 $450
|0 | Samlex SEC1230-UL Battery Charger I $300.00 $300
I'1 | 100ah I12v Non Spillable Backup Battery I $350.00 $350
|2 | DC Voltage Monitoring Device I $60.00 $60
I3 |Unmanaged Rack Mount PDU (60) | $45.00 $45
|4 | Tower Site Land Clearing and Site Development Il $12,500.00 $12,500
I51180' guyed Tower Construction Labor Il $26,000.00 $26,000
| 6 | Cabinet Installation Labor | $1,000.00 $1,000
|7 | Power System Installation Labor | $500.00 $500
|8 | Generator Installation Labor | $1,700.00 $1,700
19 | FCC License Coordination | $1,500.00 $1,500
20 | Construction Total: $77,515
21 Project Management, Network Engineering, Testing $23,260
22 Site Engineering, Surveying, viewshed analysis Etc. $9,500
23 Misc Fees, Technical Services $7,500
24 Bookkeeping and Administration $5,000
25 Contingency $12,280
26 TOTAL: $135,055
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180’ TOWER COST ESTIMATE WITH TWO BACKHAUL LINKS

This cost estimate includes the cost of both point to point backhaul radios to connect the tower to
two other towers in the network and the cost of the local access radios that would deliver service to
nearby businesses and residents. This is for a self-supporting tower, and a similar guyed tower
would be somewhat less expensive.

BEST

rreMpROJECT s (SO | oSt | oL | Joms | weghe

AVERAGE)

2 | Small Telecom Cabinet | $4,000( $6,000 $4,000| $6,000 $4,600
3 | 10kW Liquid Propane Generator | $4,000| $6,000 $4,000| $6,000 $4,600
4 | Cabinet Foundation and Installation | $1,000| $1,500 $1,000( $1,500 $1,150
5 |New Power Service / Installation | $1,250| $3,000 $1,250| $3,000 $1,775
6 | Tower Construction Materials 1| $25,000| $35,000| $25,000| $35,000 $28,000
7 | Spare Fuses | $10 $20 $10 $20 $13
8 | Power System Installation Materials | $20 $40 $20 $40 $26
9 [Samlex 1000W Inverter | $350 $450 $350 $450 $380
|0 | Samlex SEC1230-UL Battery Charger | $200 $300 $200 $300 $230
I'I | 100ah 12v Non Spillable Backup Battery | $250 $350 $250 $350 $280
|2 | DC Voltage Monitoring Device | $40 $60 $40 $60 $46
| 3 | Unmanaged Rack Mount PDU (60) | $35 $45 $35 $45 $38
14 Tower Site Land Clearing and Site | $7,500| $12,500 $7,500| $12,500 $9,000

Development
|5 | Tower Construction Labor | $25,000| $32,000| $25,000| $32,000| $27,100
| 6 | Cabinet Installation Labor | $600| $1,000 $600| $1,000 $720
|7 | Power System Installation Labor | $300 $500 $300 $500 $360
| 8 | Generator Installation Labor | $1,250| $1,700 $1,250| $1,700 $1,385
|9 | FCC License Coordination 2 $750| $1,500 $1,500| $3,000 $1,950
20 E?ragc?nwave Horizon Quantum | |GHz 2| $19,500| $22,500| $39,000| $45,000 $40,800
Link (includes below)

21 Horizon Quantum Radio $0 $0 $0 $0 $0
22 Dragonwave 4’ to 6’ dish $0 $0 $0 $0 $0
23 Coaxial Cabling $0 $0 $0 $0 $0
24 Dragonwave Power Supply $0 $0 $0 $0 $0
25 DPRM - Dual Pol Radio Mount $0 $0 $0 $0 $0
26 | Tower Site Switch I| $1,700| $2,300| $1,700| $2,300 $1,880
27 |Ubiquiti Access Point + 120° Sector 3 $375 $500( $1,125| $1,500 $1,313
78 | Construction Total: $113,005| $150,765 $124,333
29 Project Management, Network Engineering, Testing $31,090
30 Site Engineering, Surveying, Etc. $7,500
31 Misc Fees, Technical Services $10,000
32 Contingency|  $17,300
33 TOTAL: | $190,223
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180’ TOWER COST ESTIMATE WITH THREE BACKHAUL LINKS

This cost estimate includes the cost of both point to point backhaul radios to connect the tower to

three other towers in the network and the cost of the local access radios that would deliver service

to nearby businesses and residents. This is for a self-supporting tower, and a similar guyed tower

would be somewhat less expensive.

BEST
ITEM/PROJECT UNITS (fg% (ﬁ%SJ) Z_Cg\f‘v'; (Tl_‘ﬁg?_"') (VEVSETI'([:':TT:D
AVERAGE)
9 | Small Telecom Cabinet | $4,000 $6,000 $4,000 $6,000 $4,600
3 | 10kW Liquid Propane Generator | $4,000|  $6,000 $4,000| $6,000 $4,600
4 | Cabinet Foundation and Installation | $1,000f $1,500 $1,000| $1,500 $1,150
5 | New Power Service / Installation | $1,250|  $3,000 $1,250( $3,000 $1,775
6 | Tower Construction Materials | $25000( $35000| $25000( $35,000 $28,000
7 | Spare Fuses | $10 $20 $10 $20 $13
8 | Power System Installation Materials | $20 $40 $20 $40 $26
9 | Samlex 1000WV Inverter I $350 $450 $350 $450 $380
|0 | Samlex SEC1230-UL Battery Charger I $200 $300 $200 $300 $230
| | | 100ah 12v Non Spillable Backup Battery I $250 $350 $250 $350 $280
|2 | DC Voltage Monitoring Device I $40 $60 $40 $60 $46
|3 | Unmanaged Rack Mount PDU (60) I $35 $45 $35 $45 $38
14 Tower Site Land Clearing and Site | $7,500( $12,500 $7,500| $12,500 $9,000
Development
|5 | Tower Construction Labor I| $25000| $32,000| $25000| $32,000 $27,100
| 6 | Cabinet Installation Labor | $600 $1,000 $600( $1,000 $720
| 7 | Power System Installation Labor | $300 $500 $300 $500 $360
|8 | Generator Installation Labor | $1,250 $1,700 $1,250| $1,700 $1,385
|9 | FCC License Coordination 3 $750 $1,500 $2,250 $4,500 $2,925
20 E?ragc?nwave Horizon Quantum | IGHz 3| $19,500| $22,500 $58,500| $67,500 $61,200
Link (includes below)

21 Horizon Quantum Radio $0 $0 $0 $0 $0
22 Dragonwave 4’ to 6’ dish $0 $0 $0 $0 $0
23 Coaxial Cabling $0 $0 $0 $0 $0
24 Dragonwave Power Supply $0 $0 $0 $0 $0
25 DPRM - Dual Pol Radio Mount $0 $0 $0 $0 $0
26 | Tower Site Switch | $1,700|  $2,300 $1,700| $2,300 $1,880
27 | Ubiquiti Access Point + 120° Sector 3 $375 $500 $1,125|  $1,500 $1,313
28 | Construction Total: $133,255| $174,765 $145,708
29 Project Management, Network Engineering, Testing $36,430
30 Site Engineering, Surveying, Etc. $7,500
3] Misc Fees, Technical Services $10,000
32 Contingency $19,970
33 TOTAL: | $219,608
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180’ TOWER COST ESTIMATE WITH FOUR BACKHAUL LINKS

This cost estimate includes the cost of both point to point backhaul radios to connect the tower to
four other towers in the network and the cost of the local access radios that would deliver service to
nearby businesses and residents. This is for a self-supporting tower, and a similar guyed tower

would be somewhat less expensive.

BEST
ITEM/PROJECT UNITS (cl:.g\s;) (ﬁlc:;s;) Z_Cg\f‘v'; (T,_‘ﬁg‘_"') (VEVSETI'([:"_':‘TTED
AVERAGE)
7 | Small Telecom Cabinet | $4,000|  $6,000 $4,000| $6,000 $4,600
3 | 10kW Liquid Propane Generator | $4,000 $6,000 $4,000 $6,000 $4,600
4 | Cabinet Foundation and Installation | $1,000 $1,500 $1,000 $1,500 $1,150
5 | New Power Service / Installation | $1,250 $3,000 $1,250( $3,000 $1,775
6 | Tower Construction Materials I| $25000| $35000| $25000/ $35,000 $28,000
7 | Spare Fuses | $10 $20 $10 $20 $13
8 | Power System Installation Materials I $20 $40 $20 $40 $26
9 | Samlex 1000W Inverter | $350 $450 $350 $450 $380
|0 | Samlex SEC1230-UL Battery Charger I $200 $300 $200 $300 $230
|| [100ah 12v Non Spillable Backup Battery I $250 $350 $250 $350 $280
|2 | DC Voltage Monitoring Device | $40 $60 $40 $60 $46
|3 | Unmanaged Rack Mount PDU (60) | $35 $45 $35 $45 $38
14 Tower Site Land Clearing and Site | $7,500( $12,500 $7,500| $12,500 $9,000
Development
|5 | Tower Construction Labor | $25000( $32,000| $25,000| $32,000 $27,100
| 6 | Cabinet Installation Labor | $600( $1,000 $600( $1,000 $720
| 7 | Power System Installation Labor | $300 $500 $300 $500 $360
|8 | Generator Installation Labor | $1,250 $1,700 $1,250( $1,700 $1,385
|9 | FCC License Coordination 4 $750| $1,500 $3,000| $6,000 $3,900
20 I?ragqnwave Horizon Quantum | IGHz 4| $19,500| $22,500 $78,000| $90,000 $81,600
Link (includes below)

21 Horizon Quantum Radio $0 $0 $0 $0 $0
22 Dragonwave 4’ to 6’ dish $0 $0 $0 $0 $0
23 Coaxial Cabling $0 $0 $0 $0 $0
24 Dragonwave Power Supply $0 $0 $0 $0 $0
25 DPRM - Dual Pol Radio Mount $0 $0 $0 $0 $0
26 | Tower Site Switch | $1,700|  $2,300 $1,700| $2,300 $1,880
27 | Ubiquiti Access Point + 120° Sector 3 $375 $500 $1,125| $1,500 $1,313
28 | Construction Total: $153,505| $198,765| $167,083
29 Project Management, Network Engineering, Testing $41,780
30 Site Engineering, Surveying, Etc. $7,500
3] Misc Fees, Technical Services $10,000
32 Contingency $22,640
33 TOTAL: | $249,003
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180’ TOWER COST ESTIMATE WITH FIVE BACKHAUL LINKS

This cost estimate includes the cost of both point to point backhaul radios to connect the tower to
five other towers in the network and the cost of the local access radios that would deliver service to
nearby businesses and residents. This is for a self-supporting tower, and a similar guyed tower

would be somewhat less expensive.

BEST
ITEM/PROJECT UNITS (cl:.g\s;) (ﬁlc:;s;) Z_Cg\f‘v'; (T,_‘ﬁg‘_"') (VEVSETI'([:"_':‘TTED
AVERAGE)
7 | Small Telecom Cabinet | $4,000|  $6,000 $4,000| $6,000 $4,600
3 | 10kW Liquid Propane Generator | $4,000 $6,000 $4,000 $6,000 $4,600
4 | Cabinet Foundation and Installation | $1,000 $1,500 $1,000 $1,500 $1,150
5 | New Power Service / Installation | $1,250 $3,000 $1,250( $3,000 $1,775
6 | Tower Construction Materials I| $25000| $35000| $25000/ $35,000 $28,000
7 | Spare Fuses | $10 $20 $10 $20 $13
8 | Power System Installation Materials I $20 $40 $20 $40 $26
9 [Samlex 1000WV Inverter I $350 $450 $350 $450 $380
|0 | Samlex SEC1230-UL Battery Charger I $200 $300 $200 $300 $230
|| [100ah 12v Non Spillable Backup Battery I $250 $350 $250 $350 $280
|2 | DC Voltage Monitoring Device | $40 $60 $40 $60 $46
|3 | Unmanaged Rack Mount PDU (60) | $35 $45 $35 $45 $38
14 Tower Site Land Clearing and Site | $7,500( $12,500 $7,500| $12,500 $9,000
Development
|5 [ Tower Construction Labor | $25,000( $32,000| $25000( $32,000 $27,100
| 6 | Cabinet Installation Labor | $600( $1,000 $600( $1,000 $720
| 7 | Power System Installation Labor | $300 $500 $300 $500 $360
|8 | Generator Installation Labor | $1,250 $1,700 $1,250( $1,700 $1,385
|9 | FCC License Coordination 5 $750| $1,500 $3,750| $7,500 $4,875
20 I?ragqnwave Horizon Quantum | IGHz 5 $19,500| $22,500 $97,500| $112,500 $102,000
Link (includes below)

21 Horizon Quantum Radio $0 $0 $0 $0 $0
22 Dragonwave 4’ to 6’ dish $0 $0 $0 $0 $0
23 Coaxial Cabling $0 $0 $0 $0 $0
24 Dragonwave Power Supply $0 $0 $0 $0 $0
25 DPRM - Dual Pol Radio Mount $0 $0 $0 $0 $0
26 | Tower Site Switch | $1,700|  $2,300 $1,700| $2,300 $1,880
27 | Ubiquiti Access Point + 120° Sector 3 $375 $500 $1,125|  $1,500 $1,313
28 | Construction Total: $173,755| $222,765| $188,458
29 Project Management, Network Engineering, Testing $47,120
30 Site Engineering, Surveying, Etc. $7,500
3] Misc Fees, Technical Services $10,000
32 Contingency $25,310
33 TOTAL: | $278,388
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FIBER TECHNOLOGY CORRIDOR ESTIMATE
'The Middle Peninsula Technology Corridor fiber would be anchored by the Telework Center,
Rappahannock Community College (RCC), and the Middle Peninsula airport. The PamunkeyNet

colocation facility would be located in secure space in the Telework Center, and would serve as a

meet-me point for service providers, and would have additional rack space available for lease by
public and private interested parties who need secure off-site space for servers, data backup, and
other uses.

'The fiber will continue past RCC to meet F'TS fiber on route 17. Meeting FT'S would give
PamunkeyNet a reliable and redundant fiber connection to Norfolk and D.C.—where inexpensive
sources of Internet backhaul will be available—FT'S has a fully redundant fiber ring around the Bay.
The fiber-enabled Technology Corridor will give the Middle Peninsula essential economic
development tools:

+ Alocal fiber backbone that provides ten miles of Gigabit service availability that can be used to
attract high technology companies to the region.

+ A high performance connection out of the region with a fully redundant backhaul connection
that will be of great interest to relocating companies.

King and Queen County
(©®) o)
@
© @ty Technelogy orsider /
©) Rappahannock Community F15 Connection
Co
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MPPDC Regional Broadband Plan—FINAL Page 18 of 74



The cost tables below provide a pre-engineering estimate of the cost of construction 10.4 miles of
underground fiber construction along Route 33. Handholes would be placed every four hundred
feet for convenient customer fiber access (shorter fiber drops at less cost). Both business and
residential Gigabit fiber connections would be available to any location along the entire route. The
standard customer connection for both business and residential customers would be a Gigabit of
bandwidth, and both GPON and Active Ethernet services can be offered. Active Ethernet is

particularly important so that business class/carrier class services can be offered on the network.

The network can be extended easily in either direction (east or west) with additional fiber segments,
and any additional fiber switch capacity required would be placed in the Telework Center colo
facility. The network will support 10Gig, 100Gig, and light path services as requested by larger and

enterprise business customers.

With the connection to the F'TS fiber on Route 17, the Technology Corridor will be able to offer
businesses whatever amount of bandwidth they need to compete globally at affordable prices, giving
the Middle Peninsula the network needed for economic growth and jobs attraction.

Middle Peninsula Technology Corridor - Route Overview

0 ITEM/PROJECT VALUE

| | Miles of Fiber / Conduit Installed 10.4
2 |Number of Handholes Installed 92
3 | Splice Closures Installed 31
4 | Cabinets Installed 0
5 | Number of Customers Connected 48

Middle Peninsula Technology Corridor - Cost Summary

0 ITEM/PROJECT ESTIMATED

| |Middle Peninsula Technology Corridor - Construction Materials $188,378.00

2 [Middle Peninsula Technology Corridor - Distribution Labor $617,110.00

3 [Middle Peninsula Technology Corridor - Drop Construction $100,920.00

4 | Network Construction Subtotal $906,408.00

5 | Project Management, Network Engineering, Integration, and Testing | $147,651.60

6 | Engineering, Permitting (15% of construction costs) $57,200.00

7 | Misc Fees, Advertising, Technical Services $10,000.00

8 | Bookkeeping and Administration $2,500.00

9 | Other Costs Subtotal $217,351.60

|0 | Project Total $1,123,759.60

Il |Contingency at 10% $112,375.96

|2 | Gigabit fiber backbone Total (with contingency) $1,236,135.56
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COLOCATION FACILITY COST ESTIMATE

If space is allocated at the Telework Center, it would be an ideal location for a colocation facility

and meet-me point. Two hundred fifty to five hundred square feet would be entirely adequate. The
room would require 24/7 controlled access from an exterior door, dedicated HVAC (primarily
enhanced cooling), some battery back up UPS (Uninterruptible Power System), and outdoor space

adjacent to the room for a small generator to provide power during an extended power outage.

'The space could be 250 to 500 square feet, and would be initially provisioned with six enclosed
racks. PamunkeyNet equipment would use less than one rack, leaving five additional racks of
leasable space. The facility costs also include the network equipment required to support up to 48
fiber customers with Gigabit service. There would be ample space to increase capacity with
additional fiber switches, and 1000 or more fiber customers could be easily served out of the facility.

The facility would also be used to house servers and other equipment needed to support the wireless
network. Dedicated redundant Juniper core routers would provide routing and access to service

providers selling Internet and other services on the network.

BEST ESTIMATE (WEIGHTED
I ITEM UNITS AVERAéivI;;
2 Network Room fit up in Telework Center | $22,500.00
3 Network Room Lighting / Electrical Fit-up | $14,500.00
4 Dedicated Network Room Cooling - Split 2 $6,000.00
Mini Unit 24k BTUs
5 Enclosed Rack 6 $5,250.00
6 Patch Panel (144 port) 2 $7,500.00
7 New Power Service / Installation | $4,000.00
8 Unmanaged Rack Mount PDU (60) 12 $1,200.00
9 Patch Cables (POP) 48 $936.00
10 Calix 48V DC System Retrofit Kit | $1,700.00
I Calix E7-2 Chassis 2 $1,650.00
12 Calix E7-2 GE-24 Card 4 $17,500.00
13 Ca!ix Advantage System Support and | $3,000.00
Maintenance (| year)
14 CMS Server | $3,750.00
15 Dell Server | $3,000.00
16 Juniper core router for service provider 2 $25,000.00
network access
17 Rack Mount UPS (AC) 2 $1,450.00
I8 $118,936.00
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GIGABIT FIBER ON THE PAMUNKEY RESERVATION

For the fiber to the home project on the Pamunkey Reservation, fiber will be deployed to the

premises in the cluster of homes and community buildings in the area around the Pamunkey Indian
Museum (about 40 homes and community buildings). A wireless tower will provide high
performance Internet backhaul connectivity to the local fiber.

'The map below shows the area where approximately 6.5 miles of fiber will be installed
underground, connecting 34+ homes and several community buildings, including the Museum. The
Gigabit fiber infrastructure will provide the tribe with a state of the art network and a long term
asset that will support telemedicine and telehealth services, distance learning and access to college
classes, jobs from home, and businesses from home.

'The table on the next page provides a breakdown of costs. For the wireless backhaul, one of the
towers in the previous cost estimate will be installed at an appropriate location and be connected to

the local fiber.
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Pamunkey Reservation FTTH Cost Summary

0 ITEM/PROJECT ESTIMATED

| |Pamunkey Reservation FTTH Construction Materials $57,246.16
2 |Pamunkey Reservation FTTH Distribution Labor $254,528.00
3 |Pamunkey Reservation FTTH Structures, Cabinets, and Equipment $38,311.00
4 | Pamunkey Reservation FTTH Drop Construction $46,800.00
5 | Network Construction Subtotal $396,885.16
6 | Project Management, Network Engineering, Integration, and Testing $59,532.77
7 | Engineering, Permitting $35,750.00
8 |Misc Fees, Advertising, Technical Services $10,000.00
9 | Bookkeeping and Administration $2,500.00
|0 | Other Costs Subtotal $107,782.77
|| |Project Total $504,667.93
|2 | Contingency at 10% $50,466.79
|3 |Project Total (with contingency) $555,134.73
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SUMMARY PROJECT COST ESTIMATE

The first table below shows both a “worst case estimate” if no existing towers are available other

than what is available with the existing five towers in the King and Queen network and a more

likely estimate using some existing tower space (e.g. public safety towers). If approximately 30% of

the 22 estimated towers are available for use at a reasonable fee (or no fee) and are in locations that

provide appropriate coverage, we estimate that the total cost for tower construction and tower

enhancement would be approximately $3.4 million.

Tower Type Number of Per Tower Totals
Towers Construction

Two backhaul links 7 $190,223 $1,331,561

Three backhaul links 10 $219,608 $2,196,080

Four backhaul links 4 $249,003 $996,012

Fiver backhaul links I $278,333 $278,333

Total estimate for all 22 $4,801,986
new towers

Estimated total using $3,361,390
30% existing towers

Customer radio fund $87,500
for 500 new
customers

Total wireless $3,448,890

expansion cost

The table below summarizes the costs of the three portions of the network, along with a

recommended operational reserve for the first two years of operations.

Region-side wireless expansion (some use of
existing towers)

Technology Corridor Gigabit fiber backbone
Telework Center colocation facility
Pamunkey Reservation FTTH project
PamunkeyNet two year operational reserve

Total

MPPDC Regional Broadband Plan—FINAL

$3,448,890

$1,236,136
$118,936
$555,135
$500,000

$5,859,096
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NEIGHBORHOOD UTILITY POLE ACCESS COSTS

A single wooden utility pole with a wireless connection to a 180’ tower and local access

radios could provide access to any residence with line of sight within a half mile or
more. This would spread the cost of pole construction and equipment costs across
several households or businesses. There are many rural areas in the Middle Peninsula
region where there is a cluster of homes along a relatively short stretch of road. All of
those homes could share the use of a single local utility pole access site.

2 VARIABLE VALUE NOTES
V2 Weight Variable 5 0-10 scale used in Best
Estimate column (10 is best)
V3 | Towers | Number of Towers
V4 |Height 60 Tower Height
V5 | Type Wooden Utility Pole Tower Type
V7 Backbone Radio System Licensed / Un- Un-licensed
licensed
\/8 | Backbone Links |
Site Development (Average) 1,000
COST COST TOTAL TOTAL BEST
| ITEM/PROJECT UNITS| (ow) | (HIGH) | (ow) | (HIGH) |ESTIMATE
2 Site Development (Clearing, | -n/a- -nla- -n/a- -n/a - $1,000
Road Improvements, etc.)
3 | 3x3 NEMA Box 1| $300.00f $600.00 $300.00 $600.00 $450
4 New Power Service / 1| $500.00| $1,250.00 $500.00| $1,250.00 $875
Installation

60" Wooden Utility Pole
Construction Materials

$2,500.00| $3,500.00 $2,500.00| $3,500.00 $3,000

6 | Spare Fuses | $10.00 $20.00 $10.00 $20.00 $15

7 Power System Installation | $20.00 $40.00 $20.00 $40.00 $30
Materials

8 |Samlex 1000W Inverter 1| $350.00( $450.00 $350.00 $450.00 $400

9 Samlex SEC1230-UL Battery I $200.00( $300.00 $200.00 $300.00 $250
Charger

10 100ah 12v Non Spillable Backup 4] $250.00( $350.00| $1,000.00| $1,400.00 $1,200
Battery

Il | DCVoltage Monitoring Device Il $40.00 $60.00 $40.00 $60.00 $50

12 Unmanaged Rack Mount PDU | $35.00 $45.00 $35.00 $45.00 $40

(60)

60" Wooden Utility Pole
I3 | Construction Labor &
Contracting

$2,000.00( $3,000.00( $2,000.00| $3,000.00 $2,500

|4 | Power System Installation Labor 1| $300.00| $500.00 $300.00 $500.00 $400

|5 | Ubiquiti IsoBeam PTP System 2| $200.00( $400.00 $400.00 $800.00 $600

6 Ubiquiti Access Point + 120° 3| $375.00 $500.00 $1125.00 $1500.00 $1,313
Sector

|7 |Total: $8,780.00| $13,465.00( $12,122.50
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Planning for Tower Development

NEW TOWER SITING CONSIDERATIONS

There are many factors in choosing sites to develop for towers. The cost of site prep in an area with

unfavorable conditions can quickly outweigh the cost of the actual tower.

Site work - Land acquisition and leases are not included in tower estimate. Site preparation is
estimated and assumes a typical site with some small vegetation and work needed. If a site will
require more extensive land clearing or road improvement work it should be estimated on a site by

site basis.

Generator - a small liquid propane generator is included in the estimate for this tower. The estimate
does not include a tank and tank install because in our experience this cost is typically covered by
the local gas company as long as there is a service contract.

Cellular Carriers and Upgrades - Towers at this size must be specifically engineered for their
location and equipment load. The pricing shown above is estimated at a size which will support one
cell provider, and WISP/Public Safety equipment. Designing to accommodate multiple cellular
providers should be expected to increase the cost by $7,500 to $15,000.

« Favorable site leasing or purchasing conditions such as county properties, infrastructure sites,
industrial areas, or areas with other towers.

« 'The site must be useful to the network from the wireless engineering standpoint. Evaluate
how the new site will fit into the wireless network and determine if it desirable early in the
process.

Proposed tower sites should be close to a road and accessible by truck. Improving access to a
site and repairing damage caused by construction is expected, but constructing new roads on
a site will increase costs dramatically.

Proposed sites should be close to grid power. While evaluating a site locate the nearest utility
poles or pedestals. If there is no transformer near the site, within 500 feet, there will likely be
higher costs to bring power in.

* Mostly flat, or gently sloping sites cost less to develop than sites with steep terrain. When
considering tower sites look for flat areas to place the tower and compound. It may be worth
sacrificing some altitude or doing some additional clearing to avoid major ground distur-
bances and earth work.

« It is common to clear some trees and vegetation while developing a tower site, but excessive
clearing requirements will raise costs. If sites are in a wooded area look for locations where
vegetation is sparse and the tree growth is somewhat young (e.g., 8-10” in diameter). Large
trees or very dense brush will be more expensive to clear.

« Look for secure sites with limited access. Sites are better off in an area that doesn’t get fre-
quent visitors.
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« Look for tower sites with the potential to connect to fiber networks. Access to multiple fiber
providers on a wireless network will be very important to potential tenants and the economic
viability of the network.

Things to avoid

« Avoid dense residential areas and retail areas when evaluating tower sites.

« Avoid parcels with creeks or other water features that could be an impediment to con-
struction.

« Large concrete trucks will have to access the site while constructing the towers. During
site evaluation consider the entire route that trucks will have to take.

« Avoid locating tower sites near areas where permitting could be an issue. Historic Dis-
tricts, airports, scenic locations, and areas with strict zoning should be avoided.

FUNDING OPTIONS

'The relatively low cost of tower upgrades and new tower construction suggests the most expedient

funding is direct financial support from the Project. If grant funds are needed (e.g. several new
towers are proposed), working with public safety officials to combine public safety grant
opportunities and public safety capital funds could be very beneficial.

OPERATION AND MANAGEMENT CONSIDERATIONS
Towers are passive infrastructure, and if properly designed and constructed, require minimal

maintenance. If the tower is shared with public safety users, those agencies will install their own
radios, antennas, and electronics, which could relieve the Project of any responsibility for equipment
management and configuration, and equipment repairs and replacement. A contract with a
qualified tower maintenance and tower climbing firm will be required to do tower climbs and

repairs to equipment on the tower.

RECOMMENDATION AND NEXT STEPS
An preliminary analysis of existing county towers and potential county-owned sites for new towers

suggests that good coverage could be obtained with careful site analysis. If the Project moves
forward, line of sight and viewshed studies are recommended for existing towers and for any

possible new sites.

Next steps would include securing funding, line of sight and viewshed analysis of existing sites,
identification of county-owned property for new towers, line of sight and viewshed analysis of the
new sites, determination of tower type for new towers (guyed or self supporting), and discussions
with service providers. final identification of sites, complete detailed network engineering including

site layouts and Line of Sight engineering, and work with public safety officials.

TYPICAL CONSTRUCTION SCHEDULE

'The timeline and activities describe the typical process for constructing a tower. Combining

multiple sites into a single construction project will expand the timeline below but overall will save
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time and expense. Delays in the site identification and procurement stages of a project are the most
common delays for counties and cities.

= MONTH ONE
» Project kick-off
« Site identification
+ Network design

« Prep work and site plan development needed for permitting

«MONTH TwWO

* Pre-construction site planning
* Lease / MOU negotiation
* Procurement

+ Submission of permit application

«MONTH THREE

* Processing of permit applications, public meetings and ballon tests as needed.
« Permit approval

« Submission of purchase orders for tower, radios, equipment.

«MONTH FOUR-FIVE
« Site clearing and preparation

» Tower materials shipping
« Foundation construction
« Inspection

« Tower construction

« Construction wrap-up

«MONTH SIX

+ Equipment installation and network testing

« Tower is put in service
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Creating the Enterprise

'The Middle Peninsula Broadband Network (PamunkeyNet) will be operated as an independent
entity owned by the Pamunkey Tribe. This will provide the network with two important

requirements:

p The enterprise will have the business and management flexibility needed to make decisions
efficiently and effectively in the fast-moving broadband business environment.

p As a Pamunkey enterprise, it will be vested in the community and can be managed on be-
half of the broader community and economic development goals of the community.

'The network will be operated as a single high performance hybrid wireless and fiber optic net-
work available to any and all service providers, including incumbent providers who want access
to the significant market opportunity represented by the network. This shared business model is
fundamentally different from the twentieth century copper-based networks where each
provider has to build and operated a completely duplicated network (i.e. two providers each
build a separate and duplicated network to reach the same customers, which results in higher
costs across the board for customers).

'The Project will have several essential roles:

» Contract and Staff Management - The Project will hold contracts for outsourced network
operations, outsourced network repairs and maintenance, outsourced construction of net-
work extensions, and service provider contracts for the services offered on the network.
'The Project will need a small number of staff, but the scope of the network should mini-

mize staff requirements.

p Financial Management - The Project will be responsible for the financial oversight of the
network. The routine bookkeeping and accounting will likely require, at most, a full time
bookkeeper and a part time or full time billing clerk.

p Public Awareness - The Project will need to maintain a modest, ongoing public aware-
ness campaign to ensure that residents and local businesses are aware of the opportunity to
obtain higher performance, broadband services from the Project. The Project will need a
sharp focus on name and brand awareness in the Middle Peninsula region to be successful.

» Project Development/Management - As funding sources are developed for individual
network projects, the Project will provide financial and project oversight of these projects
during the implementation and construction phase.

For the Project, the development of a successful Pamunkey-owned network will require attention in
several areas including the technical (network equipment selection), engineering and construction,
and business and financial planning. It is important to note that the business and financial
planning are critical elements that will in large part determine the long term success of the effort.

'This section provides an overview of the key task areas and activities.

The illustration below shows the sequence of key phases and activities in the course of a network

project. On the pages following this diagram is more detailed information about the individual
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tasks and activities that will lead to successful completion of a fully operational network, including

the business processes required.

Decision Y l

point: Ready Implementation Network ' .
to move Planning } Construction 3’ Operations
forward?
Detailed Network Services
Design Management
Design

Early Phase
Planning

Broadband Market
Assessment/Tools

Network Operations

Evaluate Current Route Endineerin Equipment l\!etwork
Network Assets ou gineering Installation & Maintenance
Testing

Financial
Management

GIS Mapping
Gap Analysis
Regulatory
Assessment
Recommendations
& Next Steps
0O >} >} >

2-3 Months 3-4 Months Variable Ongoing

GIS and Mapping
Business Planning

Business
Development
Services
Development
Public Awareness
& Marketing

Phases of Broadband Planning and Project Implementation

Marketing and
Awareness

Business

Administration

To be successful, the Project requires a plan that ensures the right resources are available at the
appropriate times during the various phases of development. Some resources must be identified

and procured during the planning phase, some during the implementation and construction phases,

and some during the operations phase.

MPPDC Regional Broadband Plan—FINAL

Financial Planning — Financial planning includes the development of short term and long term
budget estimates and pro-formas. These materials form the basis of developing a funding plan,
as well as providing a solid base for ongoing evaluation of the success of the enterprise.

Business Model — The business model selected determines the kind and type of revenue that
will be generated by the project, and also affects the kind and type of expenses that are incurred.
Following the King and Queen business model, the Project will provide retail broadband Inter-
net service purchased on a wholesale basis from a private sector Internet provider.

Legal Counsel — Whether the retail or wholesale business model is chosen, there is a short term
and long term need for legal counsel familiar with telecom and broadband business agreements
and contracts. Well written contracts with construction companies, wholesale Internet
providers, and other contractors protect the Project.

Engineering — For new tower sites, engineering services will be required to prepare site plans,
manage the permit process paperwork, provide support where public meetings are provided
prior to permit approval, and to handle other tower site work (e.g. balloon tests). Where fiber
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cable is being deployed, if it is hung on utility poles or placed underground in conduit, prior to
construction, the routes must be surveyed and engineered drawings must be developed to meet
DOT (Dept. of Transportation) requirements and to provide contractors with the information
needed to construct the network to industry and state technical requirements.

Network Design — The logical design of the network must be matched to expected public and
private uses (e.g. support for shared public safety use, business uses, K12 use, residential and
small business use). The network design must also meet the requirements of large and small
businesses, and for large businesses with extensive broadband and data needs, the network must
be capable of meeting both current needs and future growth.

Equipment — Once a network design is complete, an evaluation of equipment vendors must take
place, ideally via a bidding process to ensure that the selected equipment will meet all of the
business and technical requirements of the network, at the best possible price. A Total Cost of
Ownership (T'CO) evaluation should be completed to ensure that the right initial price is bal-
anced with the longer term costs of extended warranties and technical support. The least ex-
pensive purchase price for equipment may be more expensive over time than equipment from a
vendor with a higher initial equipment cost but lower support and warranty fees.

Build Out — While community network build outs are generally much less expensive than other
typical community projects like water and sewer development, care must be taken to select con-
tractors with the appropriate experience constructing towers or installing fiber. The cost of con-
struction can vary widely, so the development of very specific bid documents that include the
right engineering information as well as a carefully structured proposal response on pricing is
needed to ensure the community obtains the right contractor at the right price.
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EARLY PHASE PLANNING

'The work in this report represents some of the activities of the early phase planning. The early

phase work should include:

Needs Assessment and Market Analysis — An evaluation of current
assets and projections of future needs, based on local business and [ Feasibility Study J

economic conditions. Design Nine is working with the PDC and
Needs Assessment and
Market Analysis
Pre-engineering Cost
Estimates
Financial & Business
Modeling
Governance Planning
Mapping
Financing Strategies
Recommendations &
Next Steps

needs, economic growth areas, and key customers and stakeholders informs the development of

the counties to map existing tower and fiber assets, incorporate the
logical and physical King and Queen network into a regional design,

and to perform propagation studies to identify where towers should
be located to maximize Internet access regionally.

Pre-engineering Cost Estimates — Pre-engineering cost estimates of
potential network projects provide a baseline for understanding the
costs of getting started, provide necessary inputs to the financial pro
forma development, and also inform funding strategies.

Financial and Business Modeling — A ten year financial pro forma,
using inputs from the business requirements analysis and the cost
estimates, provides an early test of the financial sustainability of the
project and provides a long term road map for financial manage-
ment.

Governance Planning — Before making a commitment to move to
implementation planning, it is necessary to have a basic understand-

ing of the key operations and management tasks related to operating
the enterprise.

Mapping — Mapping of current assets, areas and business locations of

the network architecture and the financial pro forma.

Funding Strategies — Before moving to the next steps, it is vital to understand where the plan-
ning, engineering, and initial construction funds will come from. There are many options avail-

able.

Next Steps — A list of key activities and milestones needed to move the project ahead.
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IMPLEMENTATION PLANNING PHASE

'This phase produces the equipment and construction specifications needed to bid out the work of

constructing new network assets (e.g. towers, access radio equipment,

backhaul radios and frequencies, etc.).
[ Implementation j

Business and Financial Planning — The Project Manager and Network
Integrator perform detailed business and financial planning. This in-
cludes planning how the business front office and back office will be

run.

Governance Model - The formal governance model is determined and
legal arrangements between governing entities are negotiated and
contracts signed. For PamunkeyNet, the tribe would probably form a

tribe-owned LLC with a governing board and/or partners like the
MPPDC.

Funding Sources - Funding sources are identified and fun raising
commences. Partner agreements which may include network re-
sources (IRUs) or dividends from network income are determined.

Business Administration Planning - Determining how the actual net-

Planning

Detailed Network
Design

Survey and Route
Design

Route Engineering

GIS and Mapping

Business Planning

work business will be operated is determined at this time. Front and
back office operating models are identified, outsourced business func-
tions are identified and planned.

Tower Site and/or Route Engineering — An on the ground survey is needed to complete tower
layouts and a final site/route design. This work is performed by an engineering firm that also
has the responsibility to produce the engineered design and obtain required permitting. The
field survey confirms that the final route can be built to the necessary standards and regulations.

Construction Methodology (Design vs. Design/Build) - One method to shorten the design and
build phases of a project are to award up front a “design build” contract where the engineering
firm is also responsible for construction. This approach can shorten this part of the project sig-
nificantly and is often recommended for projects where time is of the essence.

Engineered Drawings and Cost Estimates — The full set of engineered drawings or site plan and
tower specifications is attached to the construction bid documents and becomes the basis for
the awarded construction contract.

Permitting - The engineer or design/build firm will prepare all required permit forms and sub-
mit the permits with the plans. Some permits will require that Project pay a fee to the permit-
ting entity. It is important to start the permitting process early to avoid delays.

Network Architecture Design (Detailed) — Final analysis of vendor equipment is performed and
selection is made.

Equipment Selection -Analysis is performed to determine which equipment offers the low-

est Total Cost of Ownership (typically analyzed over ten years or more).

Detailed Network Architecture - The detailed network design starts with the completed
network architecture and completely specifies all of the equipment, cabinets, patch cables,
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power supplies, radios, batteries, and all other necessary parts and equipment needed to
create a functional network. The output is a complete Bill Of Materials (BOM) used to
create purchase orders for equipment, as well as specifications for the configuration of
routers and switches.

Equipment and Materials Specifications — The engineering or design/build firm also completes a
detailed list of all equipment required for the construction. Bill Of Materials includes all wire-
less equipment, fiber, conduit, handholes, fiber splice enclosures, and related hardware needed to
install the fiber cable underground and/or on utility poles.
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CONSTRUCTION PHASE

The documents produced in the Implementation Phase are used to bid out the construction work

and to procure the network equipment needed to produce an operational network.

Construction

Procurement
Construction

Equipment
Installation &
Testing

Business
Development
+ Operating Contracts - If outsourced business functions are to be
used, the agreements have to be drafted and qualified outsourced

firms need to be selected. Development
Public Awareness
& Marketing

Procurement — At the beginning of the construction phase the
[ Network j

Project will bid out the project construction.

» Construction Contracts - Multiple contractors may be involved

depending on how the engineering and construction documents

were planned in earlier phases.

+ Other Physical materials - The network integrator will also be re-
sponsible for procuring all physical assets not the responsibility of

the construction contractors which may include shelters, cabinets,

generators.

+ Network Equipment - All network equipment such as servers,

switches, and routers must be purchased and tracked.

Construction Management — The construction work is bid out and an

award is made to a qualified contractor with the best price.
It is common to negotiate the final cost of this work once a

firm has been selected.

« Engineering Inspection - Depending on how the construction contracts were awarded
will determine if the engineering firm is responsible for inspecting the con-

tractors work performed during construction.

Network Equipment Installation — Network equipment is ordered from a vendor that meets the
technical specifications. Equipment must be tested, installed in cabinets or shelters,
powered up, and connected to the fiber cable. After installation and

« Staging - The site where equipment will be installed must be designed with the correct power
circuits, racks, and grounding for equipment. Cable trays and other accessories will be in-

stalled to accommodate the physical connections to equipment.

« Installation - Equipment must be configured which may involve staging in a laboratory or
bench. Once on site equipment will be installed in the racks, and the physical cable connec-

tions made. Equipment will then be powered up and can be configured.

« Configuration/Integration - Prior to installation equipment can be pre-configured in a lab or

staging area. After installation the initial configuration is completed or confirmed and con-
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nections to other network equipment is tested. Adding one device can require modifications
to the configuration throughout the network.

» Testing - When equipment is installed and configured, end to end network testing of the
equipment must be completed. Testing will confirm that network elements are communicat-
ing properly. Testing is required not only when new network elements are installed, but also

when new services or features are configured on the network.

Business Process Development — During the construction phase, business and operational deci-
sions must be made to produce a set of business processes that will guide the day to day opera-
tions of the network.

+ A business process will be developed for essentially all recurring activities on the network,
including new customer provisioning, service provider billing, utility locating, processing in-

voices, and so on.

+ Some functions can be outsourced to create local private sector jobs (e.g. field maintenance,

utility locating).

» Internal processes overlapping with the network configuration will be created for new cus-

tomers joining the network, and the definition of new services.

* Legal contracts and other related business documents must be developed as part of this

process.

Services Development— Negotiations with qualified service providers continues.

+ Additional development and specification of the Master Agreements and Service Level

Agreements (the contracts between the network and the Service Providers) are finalized
+ The network and the providers enter into contractual agreements.

» Wholesale Internet providers will work with the Network Operator to define services and
configure the delivery of the service over the network.

Contracts, Agreements, and Leases — The construction phase will generate the need for a variety
of legal documents. Some will be related directly to the construction (e.g. an easement agree-

ment to have conduit cross property)

« Typical documents include the development of the Master Network Agreement that is used
to sign service providers to the network. Other contracts would include the development of a
draft network operations agreement if network operations is outsourced, and a similar agree-
ment for outside plant maintenance and repairs.

Marketing and Public Awareness — As the network is constructed, a modest but ongoing public
awareness and publicity effort is required to ensure that business customers, schools, local gov-
ernment agencies and other potential users of the network are aware of the project and the pos-
sibility of reducing costs and obtaining more and better services.
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Operational Considerations

As construction is approaching completion PamunkeyNet must begin to put the human resources

and business processes in place to support, monitor and maintain the network.

The goal is to create a financially sustainable tribal enterprise that over the long term creates good-
paying jobs for Pamunkey tribe members. During the first two or three years, a training period will
be needed to train tribe staff and to ensure that they have the business, operations, and maintenance
experience to support the enterprise. During that time, one or more third party firms may be
needed on a contract basis to provide some of the operations and maintenance functions of the
network. Any companies contracted for support should be under contract at least two to three
months before the first customer comes online.

Network Monitoring — The Project will need on or two months of testing and configuration
before the first customer is brought online. This time will be spent configuring monitoring
equipment, configuring alerts, setting up internal processes, and bringing NOC (Network Op-
erations Center) staff up to speed on the new environment.

Outside Plant Maintenance — As soon as the contractor completes construction the Project will
be responsible for maintaining the network. Some responsibilities such as utility locating, fiber
repairs, and maintenance of generators, HVAC systems, and other assets will begin before the

network is under full operations.

Internet Service — As the Project signs on wholesale Internet providers they will need time to
bring their connections into the co-lo, install equipment, and configure their network for the
new services. If construction is involved this process could take several months.

GOING BEYOND INTERNET SERVICE

Even though the Network is will start with just Internet service, the network will become more
valuable and useful to businesses and residents of the region if additional services are oftered over
time. These can either be new “traditional” services (VoIP telephone, IPTV) or can be niche
services like security (e.g. closed circuit video), healthcare, gaming or any other service which can be
delivered over the network.
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OVERVIEW OF ROLES AND RESPONSIBILITIES

PamunkeyNet will have a range of roles and responsibilities. The table below provides a summary

of key activities and responsibilities. Additional detail on the tasks and activities of the enterprise
are discussed in more detail in the next section.

Activity Responsibility

Financial Oversight Enterprise Board

The Board will provide financial oversight and fiscal agency.

Bookkeeping and Accounting Enterprise Board

The network will generate a set of accounts payable and accounts receivable tasks, along with
normal financial reporting (e.g. income statement, cash flow statement, balance sheet, etc.).

Network Monitoring Tribe or outsourced

The enterprise must have a 24/7 process in place to respond to emergency repairs. This can be
based on alerts received from dark fiber users and/or active monitoring equipment put in place
by the to provide additional alert capability independent of dark fiber customers.

Break-Fix Designated break-fix firm

The enterprise must have a contract in place for 24/7/365 emergency repairs to conduit and
fiber.

Equipment Replacement - scheduled Enterprise staft

Routine and preventative maintenance on the passive network components will be occasional
at best, but enterprise staff and/or a qualified fiber contractor must be able to make routine
(scheduled) repairs.

Utility Marking Services Enterprise staff or third party

locating service

The enterprise will have to be registered with the Virginia 811 service and must be prepared to
manage locate requests (which have to be completed in a specified period of time. Enterprise
staff could be trained to do the locates or a third party could provide this service.

Site Maintenance Enterprise staff

Enterprise staff will perform regular maintenance activities at the sites, including mowing,
painting, replacing lights, and related maintenance.

Network Operations Enterprise staft

Enterprise staff must be able to respond to emergency break-fix alerts and be prepared to
manage the repair process on nights and weekends.

Inventory Management Enterprise Staft

Enterprise staff will maintain an inventory of in-use conduit, fiber cable, handholes, and patch
panel ports, and also maintain the spares inventory.
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Tier 2 Support Enterprise staff

'The enterprise must provide support to dark fiber lessees who report connectivity problems
with their fiber strands.

Tier 1 Support / Direct Customer Support Enterprise staff

Service Providers provide end user support to their customers.

End User Billing Enterprise staff

Customers will get invoiced monthly.

Sales to End Users Enterprise staff

Service providers are responsible for selling their services to customer prospects, obtaining
contracts, and providing Tier 1 customer support.

Network Marketing and Awareness Enterprise staff, PDC, localities

'The Enterprise will develop and maintain a modest and ongoing public awareness and
marketing effort to ensure that the Enterprise receives the maximum economic and
community benefit from the network.
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OPERATIONS AREAS OF RESPONSIBILITY

Once the Project has integrated the existing King and Queen network with new network assets,

customers will begin (or continue) to receive service. At that point, the enterprise becomes

operational and a variety of ongoing activities begin to take place.

MANAGEMENT AND OVERSIGHT [ Operations ]
The Enterprise needs a board of directors and a senior manager

a strong business background with experience in successfully starting

responsible for day to day oversight. The senior manager should have ?
[ Services ]

. . Management
and managing new businesses. |

SERVICES MANAGEMENT @efwork Operchong

Services are a vital part of any Network. In essence the Service |
Network
Maintenance

Providers are the customers of the network. The actual network end

users (institutions, businesses, and residents) are the Enterprises’s

customers. : -
Financial
Management

NETWORK OPERATIONS
Operations can be managed in-house, but start-up networks Marketing and
sometimes find it less expensive to out-source operations to a Awareness
qualified firm. Operations must include 24/7/365 activities, and it is
generally better in the first several years, when the network is small, to

Business
Administration

use a service rather than bear the expense of several dedicated
technical staff that would be needed to cover nights, weekends,

holidays, and vacations.

FINANCIAL MANAGEMENT

'The Enterprise will have to maintain a budget, pay contractors and staff, collect revenue, and bill for
services provisioned on the network. Bills need to include a level of detail meaningful to customers.
During the planning phase, the Enterprise needs to determine several items about billing such as

partial month billing, credits for service outages, and credits for bad payers.

Monthly bills need to be created and sent to the service providers. Tracking payment and handing
billing disputes needs to be performed. Often the NOC staft are responsible for creating the bills
and handing billing inquiries while an accounting office is responsible for sending invoices and
tracking payments. In the event of billing disputes the NOC staft, the customer (in most cases a

Service Provider), and the accountant are involved in developing a remedy for a billing dispute.

Prudent and careful financial management is needed for accounts receivables and accounts payables,
along with other normal bookkeeping activities--chart of accounts maintenance, bank deposits,
check writing, and other related tasks. A part time bookkeeper may be an affordable solution in the
early days of operations.

MPPDC Regional Broadband Plan—FINAL Page 39 of 74



ACCOUNTING BUDGET SUPPORT

As the Open Network is a business enterprise, maintaining an operational budget is required. The
network will have operational costs such as pole rentals, locate costs, annual equipment
maintenance, electric bills, debt service, or other costs. Having an accounting office is often out of
the reach of a small network so these functions can be completed by an outsourced company or
even completed by NOC staft.

MARKETING AND AWARENESS

'The Enterprise is responsible for marketing the network. Marketing incentives can be time based,
geography based, or revenue based. While service providers will be responsible for their own
marketing and sales efforts, an ongoing modest awareness/marketing campaign is required to
ensure that customer take rate targets are met.

ANNUAL PRICING REVIEW
'The Project should plan to have all tower leases renew around the same time so that it may review
the market and make adjustments to the monthly lease rate if necessary. Working with providers

before making any changes will be an important factors in meeting the Project’s goals.

NETWORK OPERATIONS CENTER (NOC)

Network Operations Center or NOC is a 24/7/365 staffed facility with many tools to manage,
operate, debug and assist the NOC staff in identifying the root cause of issues reported, in
monitoring network electronics, and to keep the network running smoothly. The NOC operators
will be available during extended business hours (Monday-Friday, 8 AM to 8 PM) to deal with
routine customer needs, and the NOC will provide 24/7/365 monitoring the network and
connected customers for outages and follow up repairs. The NOC can be an outsourced remote

center or can reside on the network.

HELP DESK

'The Enterprise is responsible for handling Tier 1 support to their customers--the network end
users. This Help Desk is part of the NOC, and should be staffed to handle problems during both
normal business hours and on nights and weekends.

MONITORING

One of the tools available to the NOC is software which monitors the active elements of the
network. Some monitoring systems are available from the manufacturers of the network hardware,
known as Element Management Systems (EMS), as well as systems which use standards-based
software tools to monitor the network for problems. Monitoring takes a variety of forms, including
a standard uptime monitor that periodically checks the status of the Network Elements as well as
more sophisticated tools that monitor bandwidth, CPU cycles, temperature, fan speeds, etc.

Monitoring systems are useful not only during troubleshooting with a service provider or end user

but as well as providing proactive capabilities to prevent problems or outages. As an example, a
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sophisticated monitoring system could provide NOC technicians with alarms when bandwidth
exceeds a set threshold, allowing the technician to take proactive actions to prevent an outage.

TICKETING

Trouble Ticketing or just Ticketing is a system or process that uses software to manage and track
reported troubles, outages, orders, or questions submitted online via Web forms or via email and
phone calls. NOC staff are responsible for tracking all tickets and timestamps as well as allowing
the providers visibility into the system to see what action is being taken or what is planned for an

outage or other problem that arises on the network.

Ticketing systems include Web based portals, text messaging tools, and e-mail based responders,
and can receive and respond to tickets in a variety of ways including phone calls, emails, SMS, or

other means.

OUTAGE REPORTING

When an outage is discovered via monitoring or a call to the Help Desk, outage reports can be
broadcast to Service Providers or end users. This type of proactive reporting can reduce the burden
of calls to the NOC by notifying the service providers of pre-existing outages.

PROVISIONING AND ORDER MANAGEMENT

Provisioning is the act of setting up services on the network. Provisioning can be for service
providers, end users, or can be required for core network requirements. For service provider and
end user provisioning, the end result is usually a billable event such as adding, changing, or

terminating a end user service.

Once a new customer has been identified, the fiber or wireless link has to be provisioned. This
process is initiated via a self service portal, an order ticket, or some other automated mechanism and
flows through a defined process which may include external work orders to contractors and
ultimately ends in a billing event when the customer is active and will be billed for services.

While provisioning is the setting up of services on the actual network elements, Order
Management is a higher level activity that can include dispatch of physical assets, estimating of
network build costs, or processing a more complex order for Network changes. Order Management
can be provided through a Ticketing system or can be a stand alone system in larger networks.

PERFORMANCE REPORTING AND METRICS

To provide proactive feedback to network operators, owners, and service providers there can be
systems dedicated specifically to reporting on the health and reliability of the network. Metrics can
also be created out of the ticketing system, provisioning system, or order management. Overall the
performance of not only the network, but also of contractors, outsourced providers, vendors, and
even data on service providers can be reported on and used as a mechanism to view the health of
the network and entities charged with providing services. As an example, a ticketing system report
could indicate the average length of time before a ticket is addressed by NOC personnel, or the
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monitoring system can report on the total number and average length of time for outages in a given

period.

CHANGE MANAGEMENT

Any time there are changes made to the network via provisioning, repair, or otherwise, it is vital
that those changes be managed and tracked. Simple methods of Change Management include
keeping a record of every update in a spreadsheet, or keeping configuration files in a directory on a
server. More complex methods involve using change tracking software to automatically capture
network changes and provide capabilities for reversing changes in the event of an outage or

interruption of services.

NETWORK MAINTENANCE

While routine maintenance (e.g. replacement of worn out equipment) may be limited in the first
year or two of operations, non-routine/emergency maintenance support must be in place as soon as
the network has customers. Maintaining network equipment involves regular patching of firmware
or software upgrades as well as performing physical maintenance if required. Network elements
must be patched when critical security or performance updates are released from the manufacturer.
Maintenance which can potentially cause an outage need to be scheduled with the NOC and these
events often occur as scheduled maintenance windows during non critical times (typically on
weekends at 2-5am). Examples of required physical maintenance can include keeping equipment
in clean working conditions such as cleaning fans, testing UPS systems, or replacing batteries as

needed.

SECURITY

Security is both a physical and logical problem in keeping networks operational. Physical security
includes protecting expensive or sensitive equipment with access controls or locks. Logical security
can include required password rotation, keeping equipment on the latest security release of
software, and protecting confidential information of end users and service providers. Firewalls are
needed to protect the network not only from outside threats, but the network needs to be protected

against internal attacks as well.

OUTSIDE PLANT MAINTENANCE

Wireless networks are susceptible to occasional damage from severe weather, including lightning
strikes, ice damage, and water damage. Radios near the tops of towers experience extremes of heat
and cold repeatedly, and repairs or replacement is more frequent than for fiber network equipment,
which is usually installed at ground level in more protected cabinets or shelters.

Fiber is occasionally damaged (e.g. tree limb falling on aerial fiber, backhoe damaging buried fiber),
and a qualified firm must be available to make repairs within two to four hours. This service is
almost always outsourced to a qualified private sector company and is referred to as “break-fix”

In addition to break-fix underground utilities often need to be “located” when new construction,

street repairs, or other activities disturbing the earth occur near buried cable. The network should
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belong to the local dial-before-you-dig service and should respond to tickets originating from those
systems. Utilizing an accurate inventory of the network if digging will occur in close proximity to
owned plant, NOC staff will dispatch a locator to locate the fiber cable. This is often part of the
break-fix contract, but can be outsourced to another entity specializing in such work. In small

municipal networks, the Public Works department will often locate fiber optic cable as they are
already locating water and sewer assets.

BACKUPS AND CONFIGURATION MANAGEMENT

NOC staft are responsible for keeping secure backups of all Network Element configurations,
backups of critical systems mentioned in this chapter including ticketing, provisioning, and billing.
Backups should be stored locally for a quick restoration in the event of a failure, but also should be

kept offsite in a physically diverse location.

INVENTORY MANAGEMENT
Keeping track of all Network Elements and all network assets is key to keeping a network reliable

and operational. Inventory systems should:

« Track equipment location, in-service dates, serials numbers, model numbers
« Link equipment with end-users or service providers

« Provide location reports for technicians and service providers

» Store logical information such as IP addresses, OS versions, etc.

Managing the physical assets is also required in a network. Tracking all Outside Plant (OSP) assets
reduces the time needed to find and solve outages, and reduces the time required to provision new
services, or create work orders for changes to the physical network. A network asset management

system provides an overall view of the physical state of the network. Fiber optic OSP management
systems should:

« Track conduit, cables, buffer tubes, individual fiber, splices.

+ Generate reports and information for splice work.

Wireless OSP management systems should:

« Track all in-service radios (location, model, type, serial number).

+ Maintain adequate spare radios for all makes/models in-use.

OUTREACH

Outreach is often required to make sure that the local and regional community are aware of the
network. Working with local economic developers, chambers of commerce, local technology
companies is often required. Additionally municipal and Open Access Fiber projects receive
regional and national awareness. Local, regional, state and even national elected officials need to be
aware of the network, how it was funded, and how it is benefiting local constituents.
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GROWING THE NETWORK

Often the network is built in stages. There may be a pilot phase or a small deployment followed by
larger deployments. These deployments need to be planned and managed, but the PamunkeyNet
board of directors should constantly be looking for new funding opportunities like state or federal
grants. While the network is being expanded, the NOC staff will be responsible for bringing newly

constructed segments of the network into operations.
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Operations Costs and Revenue

Budget Item
Network Ops

PamunkeyNet
Staff

Legal Services

Accounting

Maintenance

Training

Internet
backhaul

Spares/Supplies
Utilities
Locates

Pole Use Fees

Storage

Site Leases

Break-Fix
reserve fund

Insurance

Office
administration

Marketing
activities

Total Costs

Annual Expense Projections

Description
Outsourced network monitoring and operations contract expense.

At least three staff members will be needed during the first two years
(Project Manager, bookkeeper, and technician).

Legal counsel on an as-needed basis for review of construction and
service contracts, IRU agreements, and other business documents.

Part time accounting and bookkeeping services will be required

Generators require periodic maintenance, along with other routine
tasks. This can be performed by PamunkeyNet staff.

PamunkeyNet staff will require technical training on an annual basis,
including fiber construction techniques, wireless network
management, fiber splicing, and server administration.

PamunkeyNet will follow the King and Queen model of providing

retail Internet, purchased from a qualified service provider.
Spare radios, replacement fiber equipment, cables, and other supplies.

Each tower site requires electric power, and the colocation facility will
also require electric service. Will vary depending on number of sites.

Once some fiber has been constructed, it will be necessary to provide
locates. PamunkeyNet staft can be trained to do this work.

No aerial fiber is anticipated for the Technology Corridor first phase
fiber, but aerial fiber may be deployed in later phases.

Storage space for spare conduit, fiber, splice closures, handholes and
other spare parts will be needed. A rental storage unit or used
shipping container would be adequate.

Some towers and/or fiber switch equipment may be placed on private
property which would require annual site leases. This will vary
depending on the availability of local government properties that may
be available for tower placement.

PamunkeyNet will need a fund to cover fiber damage and wireless
repairs. A regular annual contribution to the fund will be needed.

Some insurance is likely to be needed (general liability,
unemployment, asset insurance, umbrella policy).

Expenses related to providing office space, office equipment (printers,
computers, laptops, etc), office supplies for two employees.

PamunkeyNet will need a well-designed and consistent marketing
plan to ensure the project meets its customer subscriber goals.

Projected annual expenses

MPPDC Regional Broadband Plan—FINAL

Annual

$48,000
$225,000

$7,500

$4,800
$2,400

$25,000

$72,000

$24,000
$12000

$1,500

$0

$1,800

$12,000

$35,000

$15,000

$34,200

$35,000

$555,200

Page 45 of 74



REVENUE DISCUSSION

Operating as a retail service provider, PamunkeyNet will need 1000+ customers to break even by

the end of the second year. 'The table below shows one possible scenario for expected revenue.

Several assumptions have been made in this projection.

« PamunkeyNet will have a cash reserve adequate to fund operational shortfalls (revenue does not
exceed expenses) in the first two years. This should be a minimum of 50% of expected expenses,
or about $500,000 for the first two years.

« PamunkeyNet has a capital fund for adding fiber customers that are adjacent to the Technology
Corridor fiber (i.e. within 500 to 1000 feet). Some fiber drops have been included in the cost
estimate, but adding more customers will require funding the fiber drop connections (average
about $1500/drop).

« 'The initial capital funding of PamunkeyNet includes the full cost of building the Technology
Corridor fiber and colocation facility.

« 'The initial capital funding of PamunkeyNet includes the full cost of adding a minimum of ten
new wireless access points on new or leased towers.

+ PamunkeyNet takes over operations of the existing King and Queen network, including all
existing customers.

« Each of the towers in the expanded PamunkeyNet (about 15 access sites) is able to have an
average of 50-60 customers per site at the end of the first two years (15 sites * 60 = 900

customers).
Revenue Projections
Service ltem Description Monthly | Estimated P;‘\’ie“‘id
nnual
Fee Customers Revenue
5Meg down/l Meg up | Expected to be the most $35 650 $273,000
Residential Wireless popular and affordable service.
10 Meg down/10 Meg | A higher bandwidth service $90 200 $216,000
up Residential and that would meet work from
Smalll Business home needs.
Wireless
100/25 Business class | Business class GPON fiber $150 12 $21,600
fiber service service.
Gigabit residential Best effort GPON Gigabit $75 10 $9,000
fiber service residential service
Gigabit business fiber | Business class Active Ethernet $850 3 $30,600
service fiber service
Installation fees Non-recurring wireless and $15,000
fiber one time installation fees
Total Total estimated annual revenue $565,200
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Funding the Enterprise

FUNDING NEEDS

PamunkeyNet will need a basket of funding to support various tasks, activities and capital expenses.
These include:

Capital Expenses — As outlined in previous portions of this report, there are three major capital
expenditures: the Gigabit fiber backbone, the Telework Center colocation facility, and the wireless

expansion to all of the Middle Peninsula counties.

Operational Expenses — PamunkeyNet, managed carefully, should have a growth path to
sustainability within two years, but will need a cash reserve to cover revenue deficits, especially in
the first year. While the goal should be that revenue will cover all operational expenses as quickly as
possible, an operational reserve will provide a financial cushion for early operations.

Training — While training is a relatively minor cost compared to capital and operational expenses,

funds to train Pamunkey tribe members will be a critical success factor.

Customer Connections — The capital cost estimate includes the cost of connecting some fiber and
wireless customers, but successful networks have a strategy for underwriting one time connection
fees. 'This is particularly important for adding new fiber customers, where the drop cost connection
from the existing backbone can be anywhere from $750 to several thousand dollars. Some projects
subsidize these costs directly, and others have had success providing low interest or no interest
financing.

Fiber Expansion — PamunkeyNet will be successful financially in part by continued expansion of
the fiber network to other areas of the PDC. Fiber customers, especially business fiber customers,
provide higher levels of revenue that can help fund further expansion.

FUNDING OPPORTUNITIES
As a Federally recognized tribe, the Pamunkeys bring a unique opportunity to the Middle

Peninsula. As a sovereign nation, the tribe is not subject to a number of state-level and Federal
regulations that have often hindered other community broadband efforts. Federally recognized
tribes are not subject to Federal taxes, among other benefits.

Federally recognized tribes are also eligible for a variety of Federal funds that are not available to

other communities and local governments. These include:

USDA Community Connect grants — Tribes are eligible for these telecommunications grants.
Grant funds are limited, but many communities have difficulty meeting the unserved/underserved

requirements. The Pamunkey tribe may be well-positioned to be competitive.

USDA Distance Learning and Telemedicine — The DTL program is designed to assist rural areas

with education and health needs. Eligible entities providing education and medical care via
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telecommunications include Indian tribes or tribal organizations, state or local units of government,
consortia, and private for-profit or not-for profit corporations. 15% match is required.

Tribal Mobility Fund — On Tribal lands, eligible telecommunications carriers (ETCs) that provide
service on these lands, have access to spectrum capable of 3G or better, and are financially capable
of providing service are eligible to participate in spectrum auctions. Provisions have also been
provided for a tribally-owned or controlled entity that is not yet an ETC to participate in an
auction as long as that entity has a pending ETC designation application using a short-form
application in time to meet a set deadline. Providing cellular voice/data services is more technically
challenging that broadband only wireless services, but there may be opportunities for the tribe to
partner with a cellular carrier for certain areas of the region.

FirstNet — FirstNet is the First Responder Network Authority, an independent authority within
the Department of Commerce’s National Telecommunications and Information Administration
(NTIA). Congress charged FirstNet to take “all actions necessary” to build, deploy, and operate the
network, in consultation with Federal, state, #ribal, and local public policy entities. The Act provides
$7 billion in funding towards deployment of this network, as well as $135 million for a new State
and Local Implementation Grant Program administered by NTIA to support State, regional, tribal
and local jurisdictions’ efforts to plan and work with FirstNet to ensure the network meets their

wireless public safety communications needs.

Dept. of Homeland Security — More than $1.6 billion was allocated to DHS grant programs
provide funding to state, local, #ribal and territorial governments to improve the nation’s readiness
in preventing, protecting against, responding to, recovering from and mitigating terrorist attacks,
major disasters and other emergencies. There may be significant opportunities for PamukeyNet to
partner with public safety initiatives in the region to qualify for these funds.

USDA Telecom Infrastructure Loans and Loan Guarantees — Federally recognized tribes are
eligible for these loan packages. A loan may not be ideal for funding initial capital expansion, but
once PamunkeyNet is financially in the black, loans for fiber expansion could be useful source of
tunding.

Dept. of Justice Coordinated Tribal Assistance Solicitation — This program is intended to address
tribal criminal justice and public safety needs. PamunkeyNet and local public safety officials may
be able to combine efforts to qualify for these funds.

HUD Indian Community Development Block Grants — Eligible applicants for assistance include
any Indian tribe. Provides funds to eligible grantees for housing rehabilitation, land acquisition,
community facilities, infrastructure construction, and economic development activities.
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Planning for Success

With more than a dozen years of operation for a variety of community-owned network

infrastructure projects around the country, there is very little “experimentation” that is still necessary.
With more than three hundred communities making investments in broadband infrastructure,
there is now enough information about what works and what does not work to be able to identify

best practice across nearly all areas of operations, planning, management, and finance.

DEVELOP PARTNERSHIPS WITH PUBLIC SAFETY

'The Project should develop partnerships with public safety entities in the region. These partnerships
could be expanded as well as new partnerships created to jointly work on activities involving
mapping and needs assessment, tower siting, pursuing grant funding, advertising and marketing,
and others.

TRAINING IS ESSENTIAL

If PamunkeyNet is to grow into a sustainable tribal enterprise with good jobs, training of tribe
members with the aptitude and interest for technically challenging work will be essential.
PamunkeyNet should develop a partnership with Rappahannock Community College (RCC) and
other technical training resources to ensure that over a period of two or three years, more tribe
members have the qualifications and training to join the PamunkeyNet staft. Over time, the goal
should be to reduce reliance on outsourced resources.

RCC currently has some technically oriented courses that will useful, but additional programs like
the Cisco Network Academy and Microsoft server and networking certifications (e.g. MTA,
MCSA, MCSE) will be important to develop workers with technical skills not just for
PamunkeyNet but to create a pipeline of trained workers for private sector companies that want to
locate in the fiber-enabled Technology Corridor.

OUTSOURCE WHERE SENSIBLE AND ECONOMICAL
Overstafting on start up networks has been a common source of early financial difficulties for some

community broadband projects. Given the relatively small scope of the proposed initial projects,
PamunkeyNet should seck to outsource some maintenance and operational tasks where using

internal staff may be more expensive.

USE GRANTS PRUDENTLY
Grants can be extremely important in the early stages of an effort to support planning activities

and/or to fund a Phase One build out initiative. But grants rarely will allow spending on
operational expenses. Grants should be used as one time cash injections to support very specific
capital expansion goals (like the initial wireless and fiber “phase one” portions of PamunkeyNet).
Communities that have relied too heavily on “the next grant” as a key source of expansion or

operational funding usually experience financial problems within two or three years.
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MANAGE FINANCES
Broadband infrastructure projects require hard-nosed financial

oversight. Projects that have developed financial problems have
usually over-estimated early revenue, under-estimated expenses,
and/or simply spent too much without aligning expenses with
revenue. Volunteer board members who are contributing time
while also maintaining a full time job (often in local government)
may not provide enough financial oversight to ensure that staff use
the budget as a tool to measure financial performance.

USE MARKET DEMAND TESTING TO DRIVE EXPANSION
The initial business plan should have a minimum three to ten year projection of connected premises

(i.e. the take rate), including K12 schools, local government facilities, large and small businesses,
health care facilities, and residential customers (if fiber to the home is part of the business plan).
Take rates directly affect revenue: if take rate projections are not being met, revenue shortfalls are
likely. Take rates (both raw numbers and month to month growth rates) should be analyzed at least
quarterly (monthly would be preferable).

INCREASED WOOD UTILITY POLE UsE
Tree cover is a constant problem for rural residents and businesses, as good line of site is required
for fixed wireless Internet services. Even newer technologies like white space and LTE systems

work better with clear line of sight to distant towers.

'The increased use of wooden utility poles is already common in some other Virginia counties, and
increased use of this technique to get the customer CPE radio/antenna above tree cover is a

relatively simple solution.

'The utility poles would normally be placed on private property, subject to existing or updated
ordinances governing the placement of wooden utility poles. The local government would have no

responsibility for maintenance and repairs.

Depending on the source of the poles and the location where it is mounted the cost of installing a
new pole with wireless equipment could be in the $10,000 to $15,000 range. Major cost factors
include the cost of moving construction equipment to site, the cost of labor, and the cost of
shipping the pole. At remote locations the cost to install a electric utility service can also be high.
'This is a conservative estimate for a single pole. Constructing multiple sites at once and identifying
local sources of labor could reduce the cost substantially. Some Virginia counties provide “by right”
permitting of these poles if they are placed on private property, which can reduce the cost of

installing them.

PLAN FOR MARKETING AND PUBLIC AWARENESS EFFORTS
If the Project move forward, it will be necessary to have a modest but regular marketing and

awareness campaign to ensure that area businesses know that the new network is available, that

they know what services are available on the network, and they know how to order service.
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PLAN FOR EXPANSION
Most community-funded efforts start small. This minimizes financial risk. But some projects tend

to stall out after the first year or two. The underlying problem is twofold: even small networks have
a certain amount of fixed operational costs regardless of size, and the network needs enough
revenue to pay those expenses, as well as make principal and interest payments on any loans. The
second problem is that network infrastructure wears out and needs routine maintenance. Lack of
funding to keep the network in good condition will degrade service over time. The solution is to
have an expansion plan (which could be modest) that contributes to revenue growth over time.

BUDGET FOR CUSTOMER CONNECTIONS

If the network is going to achieve financial sustainability, new customers have to be added on a
schedule that matches the financial projections. For wireless networks, the cost of the customer
radio installed at the premises has to be included in growth cost projections. For fiber networks,
this means the project must have the funds to support adding customer “drops” from the
distribution fiber on poles or underground in right of way at the edge of the street or road. This is
where careful budgeting and adequate funding is a necessity. The worst possible outcome is to have
business and residents requesting a connection to the network but having a lack of the funds to
make that “last hundred feet” connection. There are a variety of charge back and fee-based
strategies for raising the capital needed to complete drops, and a plan that supports funding of new

customer connections is essential.

MAINTAIN A TOWERS OPPORTUNITY MAP/LIST

'The Project should maintain a list or map of wireless tower opportunities. At least quarterly the
Project should reach out to local planning and permitting departments to see if any new towers are
under development in the region and identify co-location opportunities. The list could be expanded

to include underground projects and available properties for tower development.

MPPDC Regional Broadband Plan—FINAL Page 51 of 74



Appendix A: Propagation/Coverage
Studies

'The studies on the following pages provide a view of estimated tower coverage using the newer
LTE radio frequencies. Tower sites have been placed to optimize coverage for this estimate, and if
the project moves forward, site assessment and identification would be an early project task. The

goal should be to utilize existing local government towers as much as possible, but some new towers
may be needed to provide good coverage. There should be close coordination between public safety
tower needs (used for first responder/public safety voice communications) and broadband tower

expansion. It may also be possible to lease space on some privately owned cellular towers if lease
rates are affordable.

REGIONAL STUDY
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ESSEX STUDY
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GLOUCESTER STUDY
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KING AND QUEEN STUDY

The existing King and Queen network has existing tower sites (shown in the map below) that
provide good coverage throughout the county. The network offers a range of five different wireless
services. PamunkeyNet will benefit by taking over the existing network and would have a revenue

stream from existing customers while new tower sites and the Route 33 fiber is being constructed.

Wireless Service Description Monthly Fee
512 Kb down/128 Kb up Basic “lifeline” service $30
I Mb down/512 Kb up Standard service for light Internet $40
use
2 Mb down/768 Kb up Supports some streaming video $50
3 Mb down/3 Mb up Supports streaming video, some $60

work from home

6 Mb down/6 Mb up Small business class service, multiple $90
residential users
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KING WILLIAM STUDY
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MATHEWS STUDY
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MIDDLESEX STUDY
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Appendix C: Glossary

Active network: Typically a fiber network that has electronics (fiber switches and CPE)
installed at each end of a fiber cable to provide “lit” service to a customer.

Passive network:  Refers to infrastructure that does not have any powered equipment associated
with it. Examples include wireless towers, conduit (plastic duct), handholes, and dark fiber.

Dark fiber: Dark fiber is fiber cable that does not have any electronics at the ends of the fiber cable,

so no laser light is being transmitted down the cable.

Lit network: A “lit"network (or lit fiber) is the same as an active network. “Lit” refers to the
fact that the fiber equipment at each end use small lasers transmitting very high frequency light to
send the two way data traffic over the fiber.

FTTH/FTTP/FTTx: Fiber to the Home (FTTH), Fiber to the Premises (FT'TP), and Fiber
to the X (FTTx) all refer to Internet and other broadband services delivered over fiber cable to the
home or business rather than the copper cables traditionally used by the telephone and cable
companies.

Symmetric connection: 'The upload and download bandwidth (speed) is equal. This is
important for businesses and for work from home/job from home opportunities.

Asymmetric connection: The upload and download bandwidth (speed) are not equal. Cable
Internet and satellite Internet services are highly asymmetric, with upload speeds typically 1/10 of
download speeds. Asymmetric services are problematic for home-based businesses and workers, as
it is very difficult to use common business services like two way videoconferencing or to transfer
large files to other locations.

IP video:  Video in various forms, including traditional packages of TV programming, delivered
over the Internet rather than by cable TV or satellite systems.

Latency:  'The time required for information to travel across the network from one point to
another. Satellite Internet suffers from very high latency because the signals must travel a round
trip to the satellite in stationary orbit (22,500 miles each way). High latency makes it very difficult
to use services like videoconferencing.

Fiber switch: Network electronic equipment usually found in a cabinet or shelter

CPE: Customer Premises Equipment, or the box usually found in a home or business that provides
the Internet connection. DSL modems and cable modems are examples of CPE, and in a fiber

network, there is a similarly-sized fiber modem device.

Handhole: Handholes are open bottom boxes with removable lids that are installed in the ground
with the lids at ground level. The handholes provide access to fiber cable and splice closures that
are placed in the handhole. Handholes are also called pull boxes.

MPPDC Regional Broadband Plan—FINAL Page 66 of 74



Pull boxes: Pull boxes (also called handholes) are used to provide access to fiber cable and splice
closures. 'They are called pull boxes because they are also used during the fiber cable construction
process to pull the fiber cable through conduit between two pull boxes.

Splice closures: Splice closures come in a variety of sizes and shapes and are used to provide access
to fiber cable that has been cut open to give installers access to individual fiber strands. Splice
closures are designed to be waterproof (to keep moisture out of the fiber cable) and can be mounted
on aerial fiber cable or placed underground in handholes.

Splicing: The process of providing a transparent joint (connection) between two individual fiber
strands so that laser light passes through. A common use of splicing is to connect a small “drop”
cable of one or two fiber strands to a much larger (e.g. 144 fiber strand) cable to provide fiber

services to a single home or business.

SCADA: Supervisory Control and Data Acquisition. Used by the electric utility industry and
some other utilities (e.g. water/sewer) to manage their systems.

Colo facility: Colo is short for Colocation. Usually refers to a prefab concrete shelter or data
center where network infrastructure converges. A colo or data center can also refer to a location

where several service provider networks meet to exchange data and Internet traffic.

Backhaul: Typically refers to a high capacity Internet path out of a service area or locality that

provides connectivity to the worldwide Internet.
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Appendix D: Key Broadband Technologies

In the Middle Peninsula region, there is no one technology that is going to provide a “one size fits

all” solution for homes, businesses and institutions. While wireless broadband will be a primary
means of access for many if not most homes and businesses, fiber routes in key areas to support

economic, community, public safety, and K12 use may be important complementary network assets.
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FIBER SYSTEMS

Fiber is a future proof investment. The upper limit of fiber capacity has not yet been found, and off

the shelf hardware can handle thousands of times the needs of an average home or business well
into the future. Fiber has a life expectancy of thirty to forty years, and may last much longer than
that; every year, the number goes up as fiber systems installed in the 1970s continue to perform
adequately. A single fiber can carry all the traffic and services needed by a home or business,
including voice telephone service, television programming, live videoconferencing, and HD
television.

Fiber’s primary drawback is its apparent high cost compared to other systems. Fiber is often
unfairly compared to wireless, with the misleading conclusion that wireless is much cheaper.
Regrettably, most fiber versus wireless studies compare the start up costs for wireless to the thirty
year life cycle costs of fiber infrastructure. During a thirty year period, fiber is installed just once,
while wireless systems will have to be replaced entirely several times. Properly costed over a thirty
year period, fiber is actually less expensive than wireless, with many times the capacity.

Metro Ethernet is a point-to-point service provided over fiber. Metro Ethernet networks can
deliver service as far as 50 miles from network element locations and provide speeds up to 10
Gigabits per second (10GB Metro Ethernet circuits are now commonly available from some

providers).

Carrier Ethernet is the term used to describe Active or Metro Ethernet deployed to the premises.
Carrier Ethernet is available in 100 Mbps and 1 Gbps utilizing a pair or a single fiber strand and
speeds of 10 Gbps over a pair of fiber optic strands. Carrier Ethernet can be deployed at distances
of up to 50 miles (80km) from the central office.

A Passive Optical Network, or PON, is a fiber optic network based upon a splitter technology. A
single PON port can support up to 64 customers utilizing either daisy chained splitters or a central
splitter location. For service providers PON is cost effective as it allows the service providers to
create “fiber light” networks and fewer network elements. However, PON has many drawbacks
including bandwidth limitations due to the shared nature of the feeder fibers as all customers fed
from a splitter share bandwidth over a single fiber (or single pair in some networks). A major
drawback of PON, if field splitters are used, is the upgradeability of the network which usually
requires additional feeder fiber to be deployed which is costly as it is considered a “forklift upgrade.”
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CARRIER FIBER (ACTIVE) ETHERNET CHARACTERISTICS

Bandwidth | Gbps standard

. . Each user has a dedicated |Gbps between the premises and the core
Line sharing location.
Latency Not latent

Symmetric/Asymmetric  Symmetric
Effective Distance up to 50 miles (10km, 20km, 40km, and 80km optics available)

Services Support Multiple services, multiple providers

Typical per subscriber

) 3250 - $3500
build cost $ $

PON FIBER (PASSIVE) CHARACTERISTICS

2.4 Gbps/1.24 Gbps (shared between users on a port). A few [0Gig PON
Bandwidth systems are now being deployed because the older PON systems are
running out of bandwidth.

Each port is shared by a power of 2 premises (2,4, 8, 16,32, or 64)

Line sharing depending on how the network is configured.

Latency Minimal latency.
Symmetric/Asymmetric  Asymmetric

Effective Distance up to 25 miles (40km)

Services Support Multiple services, multiple providers

Typical per subscriber

) 3250
build cost b

We are now seeing even small and medium-sized businesses asking for fiber connections. Fiber is
the only transmission system that will be able to deliver all the services businesses and residents will
expect and demand in just a few years. Communities that choose to delay fiber infrastructure
investments will be at a severe disadvantage in the next several years when trying to attract and
retain businesses and workers.

In business areas of the region, fiber is an absolute requirement to retain existing businesses and to
attract new ones. Many of subdivisions could have fiber within the neighborhood and wireless
backhaul, and multiple services (e.g. video, Internet, voice, data backup) could be delivered within
the neighborhood by fiber. In growth areas, retail and office space would become more valuable
with high performance fiber availability.
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FIXED POINT ACCESS WIRELESS

Fixed point wireless Internet access via private sector providers is already available in some areas of

the region. This service introduces additional competition for Internet access customers, which can
lower prices and create incentives to offer better customer service from the providers. Over time,
most fixed point Internet users (five to seven years out) will want to migrate to fiber connections
which will have the capacity to provide a much wider range of services, including HD TV,
telemedicine, and tele-health, among other applications.

Fixed point wireless infrastructure investments (e.g. locations for towers, towers, fiber and duct
backhaul connections) can be re-used over time to support mobile wireless services and long term
public safety voice and data services.

'The goal would be to identify existing tower sites that could be reached affordably with fiber. Fiber
access to these towers will lower the cost of backhaul for local wireless broadband providers while

simultaneously allowing them to increase bandwidth and overall performance.

Wireless broadband services will be important in rural parts of the region. And wireless is not going
away; it will remain as an important component of a well-designed community broadband system--
as a mobility solution. As we travel around the community, we want to be able to access the Web,
check email, make phone calls, and do other sorts of things. Wireless services enable that, and in

rural areas, wireless services are an important step up from dial-up.

WiMax and LTE capacities and distances are widely exaggerated. It is very common to see
promises of “up to 80-100 megabits” of capacity and distances of “10 to 20 miles.” With respect to
bandwidth, that 100 megabits of capacity will be shared among all connected users, so if 100
households are trying to access the network via a single WiMax access point, the usable bandwidth
may be more like 2-4 megabits per household or per user. Distances are limited by line of sight.

Both WikFi and WiMax signals will work over many miles, but only with narrow angle antennas
and clear line of sight. While WiFi can easily reach ten miles or more with clear line of sight, and
WiMax can reach twenty miles with clear line of sight, in practice these optimum distances are
rarely achieved; it is more realistic to consider Wiki usable over 2-4 miles and WiMax over 4-8
miles. Tree cover is particularly problematic, and it is often necessary to remove tree limbs, an
entire tree, or to relocate the antenna in order to get a good signal.

LTE and television “white space” systems are emerging standards that can provide connectivity at
much longer distances (five to ten miles is possible under ideal circumstances) and the radio
frequencies used are better able to penetrate at least some foliage. Bandwidth of several megabits
are possible, and compare very favorably with copper-based systems like DSL. But even these
systems will have a limited ability to handle TV programming, interactive videoconferencing, and
other business class services.
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FIXED POINT WIRELESS CHARACTERISTICS

: 5Mbps - 10Mbps on average for rural/residential service. Higher
Bandwidth speeds available at higher cost.

In most Wireless ISP (WISP) architectures customers share a point to
Line sharing multi-point connection with an access point. Service can be affected
when too many customers are on an access point.

Latency Minimal latency issues

Symmetric/Asymmetric  Symmetric

The effective range of an access point depends on the frequency

Effective Distance chosen.

Internet, VolP, and streaming video can be supported by WISP
architectures. A multi-provider environment can be configured on a
WISP network, but is less commonly found compared to fiber
networks.

Services Support

$370 to $550, and costs could be much higher if a pole has to be
Typical per subscriber installed ($2000 to $7000). High operating costs should be
build cost considered as a factor because of the high failure rate for wireless
equipment.
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CELLULAR DATA WIRELESS

Wireless access to the Internet and other mobile services like cellular telephone providers is a long

term need that will not be replaced by fiber access. In fact, over the next five to seven years, the
most common use for wireless Internet access will be for mobility--casual business, personal, and
government access away from the home or office. In the rural areas of the region, fixed point
cellular data services (e.g. “air card”) can provide substantial improvements over DSL, satellite, or

dial up.

Mobile wireless access to voice and data services is already widely available from multiple providers
in most of the U.S. Nationwide, Verizon, Sprint, and AT&T have already begun an aggressive
expansion and upgrade to LTE (the so-called 4G/5G networks). However, the bandwidth caps and
bandwidth overage charges make cellular data services too expensive as a primary residential or
small business connection.

Perhaps more alarming, some telephone companies, including Verizon and AT&T, are abandoning
their copper line plant in many rural areas of the country, and are only offering cellular-based dial
tone for home and small business use.

Cellular data plans, because of the bandwidth caps and overcharges that are included with typical
plans, can be a poor solution for rural residents who may be trying to use it for business purposes,
tor K12 school assignments, and/or personal use. Households with children report that it is very

difficult (and/or expensive) to keep within data caps.

CELLULAR DATA SERVICE CHARACTERISTICS

Bandwidth 2Mbps-12Mbps and up, but actual bandwidth can vary widely.

In a mobile wireless broadband network the access point is in a point to
multi-point configuration, meaning access is shared.

Line sharing
Latency Latency is generally not an issue
Symmetric/Asymmetric  Symmetric

Effective Distance The effective range of an access point depends on the frequency chosen.

. Internet, VoIP, and streaming video can be supported but service may degrade
Services Support at peak times.

Typical per subscriber

. 80 and up, depending on data plan, bandwidth caps and overage charges.
build cost b p.aep 6 P P & &

MPPDC Regional Broadband Plan—FINAL Page 73 of 74



EMERGING WVIRELESS TECHNOLOGIES

MIMO WIRELESS
MIMO (Multiple Input, Multiple Output) describes a variety of technologies that can be

summarized as using more than one receive and transmit antenna for wireless data applications.
Wireless protocols that are using the MIMO concept include IEEE 802.11n (Wi-Fi), IEEE
802.11ac (Wi-Fi), 4G, LTE (Long Term Evolution), and WiMAX. Each of these protocols use
the MIMO technology to increase the amount of available bandwidth in a given section of radio

frequency spectrum.

New hardware is required to make effective use of MIMO. While the technology increases
wireless bandwidth, the typical amount of bandwidth being used by wireless devices is also
increasing rapidly. Some applications where MIMO is likely to provide noticeable improvements
are in home wireless routers, where the eftective throughput will be able to better handle the
demanding bandwidth requirements of HD and 4K video streams. MIMO is slowly being
developed for use with cellular smartphones, but both the phones and the cell tower radios have to
be upgraded to support MIMO.

LTE/AG/5G
LTE (Long Term Evolution) is a set of protocols and technologies designed to improve the

performance of voice/data smartphones. Like MIMO, both the user phone and the cell tower
radios have to be upgraded to support LT'E improvements. In 2013, only 19% of U.S. smartphone
users were able to take advantage of LTE speeds, although that percentage has been increasing
rapidly since then, and more than 85% of the U.S. cellular towers are expected to be upgraded to
LTE in the next two years. As noted previously, the actual bandwidth available to a smartphone
user is highly variable and depends on distance from the cell tower, the number of smartphones
accessing the same tower simultaneously, and the kinds of services and content being accessed by

those users.

'The primary purpose of cellular bandwidth caps is to keep cellular users from using too much
bandwidth and degrading the overall service. While LTE and MIMO improvements will improve
overall cellular service, these technologies are not going to replace fiber to the home and fiber to the

business.

The 5G technical standard is not scheduled for release until 2020, so any promises of 5G systems
eliminating the need for fiber services is just marketing promises without any substance.
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