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Executive Summary

The strategic vision and goals for broadband development in Vacaville directly aligns
with and supports the City's overall strategy. It focuses on enabling municipal
operations and residents’ connectivity by developing state-of-the-art hybrid fiber-
wireless infrastructure and a variety of services from multiple providers. The City of
Vacaville is envisioned as an active participant in broadband planning, primarily to
address internal needs but also as a catalyst for development that benefits all
members of the community.

While current retail broadband offerings are adequate, there are limited options and
issues with costs. There is a general lack of local carrier-class network infrastructure,
specifically for the City's internal purposes and its economic development goals. The
City of Vacaville has numerous assets and sites that require connectivity, some of
which could be used to support network assets. The general strategy is to develop
fiber backbone infrastructure in major corridors throughout the city in a phased
manner. The primary purpose is to connect City facilities, community centers, parks,
streetlights, traffic and utility assets.

The secondary purpose of the City’s investment is to attract additional private
investment in network infrastructure and services, especially for new services to
residential and commercial customers. The City’s role would be limited to wholesale
transport services for internal purposes, local industry and institutions, and retail
providers. Streetlights, other public properties, and major real estate developments
would be improved for leasing to private companies that would provide services to
the community.

Radio-access network (RAN) infrastructure would be layered over the backbone
where appropriate for flexible connectivity. For City purposes, Citizens Broadband
Radio Service could be used as distribution infrastructure to connect smaller sites.
The vision involves co-developing or leasing portions of this for private providers to
offer basic, low-cost broadband. Key policy initiatives involve establishing fiber and
RAN assets as development conditions, formalizing “Dig Once” policies, and
integrating network infrastructure into overall planning, particularly capital
improvements. There are a variety of funding sources available to accomplish this
strategy, including the Local Agency Technical Assistance (LATA) grant through the
California Public Utilities Commission, State of California “Last Mile” funding, a range
of infrastructure funding in the Infrastructure Improvement and Jobs Act, private
partners, and direct City investment.
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Vision

A city's vision for network infrastructure and services—including but not limited to
broadband—should align with and support its larger, more general strategy and
values. The City of Vacaville seeks to “understand and balance our citizens' needs,
desires and resources to achieve the highest possible quality of life for the overall
community through the provision of excellent services.”' The City envisions quality
of life combining the best of big cities and small towns in a diverse, inclusive
community. Vacaville values “can do” attitude, individual contributions, and

teamwork with accountability via an open decision-making process for customer
service excellence and innovation. The City's strategic goals are to:

Goal # 1 - Ensure Public Safety

Goal # 2 - Strengthen the Local Economy

Goal # 3 - Protect Vacaville’s Quality of Life

Goal # 4 - Maintain Effective and Efficient Services

Goal # 5 - Promote Community Engagement and Increased Equity

and Inclusion

The Vacaville Strategic Plan calls for creating a fiber-optic master plan to
manage impacts of growth,? but even more is possible. In concept, broadband
can and should enable all teh City’s goals. To achieve this mission resources
must be aligned with vision via consistent practice. Therefore, Magellan
suggests the following vision for broadband in Vacaville:

Citizens of Vacaville flexibly connect with their city and the
world via a comprehensive, integrated state-of-the-art
network infrastructure, with a variety of private companies
providing economical services to all members of the
community that the City of Vacaville uses to improve,
increase, and innovate its services.

' City of Vacaville Strategic Plan, FY 2021-2026. April 21, 2021.
https://www.ci.vacaville.ca.us/home/showpublisheddocument/18248/637575491623370000. Pg. 2.

2 |bid, page 11.
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The key element of this vision is “a comprehensive, integrated state-of-the-art
network infrastructure.” In practical terms, this means the City has a comprehensive
plan for developing an integrated state-of-the-art network infrastructure. This
document is that plan. The other elements of the vision are the focus of this plan:

e Enabling citizens—including corporate and institutional citizens—to flexibly
connect,

e Ensuring the infrastructure is used by private companies to provide
economical services to everyone, and

e Establishing a platform for the City to improve, increase, and innovate
services.

The fundamental purpose and priority is to enable residents, to improve quality of
life, but the first step is to establish the platform. Once the platform is in place, the
City and private companies can build on it for the benefit of residents. The starting
point is community engagement, which we have started with this plan, then address
critical connectivity requirements for municipal operations. The infrastructure for
that purpose can be leveraged by private service providers for better, cheaper, faster,
more flexible broadband. The resulting infrastructure and services directly support
economic development and public safety. Basically, the strategy for broadband
involves addressing all the City's strategic goals in reverse order:

1. Engage external and internal City stakeholders to identify needs and
opportunities.

2. Provide connectivity to improve City services and reduce costs for municipal
operations.

3. Recruit private companies to lease or otherwise use the City’s infrastructure to
offer network services.

4. Use network features—capacity, cost, resilience, etc.—to attract business
investment in targeted sectors.

5. Leverage the network for public safety and security, supporting first responders,
and improving community preparedness.

It is necessary to incorporate equity and inclusion into the strategic planning process
via community engagement if broadband availability is to be equitable and all citizens
are to be digitally included. This approach promotes positive organizational culture
and workforce as it requires capabilities in Finance, Human Resources, and Risk
Management as well as Information Technology. And it ensures broadband
development is fiscally sustainable. Supported by Magellan, Vacaville’s broadband
planning process has been exemplary in these terms. We recommend continuing this
approach by:

MAGELLAN BROADBAND, LLC SEPTEMBER 30, 2022
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(a) share this plan with the community and actively seek and incorporate
citizens' inputs; and

(b) specify and implement the plan by acquiring, allocating, and deploying
resources to build infrastructure in a consistent, integrated fashion.

Figure 1 shows the general infrastructure components required to fully connect
communities. By implementing this plan with a community engaged, inclusive
approach, the City of Vacaville can best ensure broadband development aligns with
community priorities. The City's quality of life, local economy, and public safety, as
well as effective and efficient services depend on it. In fact, Magellan recommends
goals for these areas be used as key performance indicators for broadband along
with deployment metrics.

=
B B~ Institutional
- H = - Network

Global
Internet

Long-Haul I‘“

Networks

Broadband ) gq

Exchange Access .

= Network

—jooo

ooo

ooo

ﬂﬂ
A= &2 S A A A A A
Tl aRARARARARA

Middle-mile

Network

Figure 1. Infrastructure for various fiber network and radio access networks is necessary
to connect communities; cities can provide key pieces.

REALIZING THE VISION

This report is structured as a recipe, starting with available ingredients and issues to
address, which can be seen as the gap to close. Solutions can be very low-cost.
Changes in policies and procedures can effectively catalyze broadband development.
Closing the gap can reduce costs. Core functions of the City of Vacaville depend on
connectivity, which creates substantial costs for the City. Direct public investment can
enable service improvements and transform operations. State and federal funds are
available for this. Private investment is essential to achieving the vision. Just as the
infrastructure is critical to the City, it is also valuable to businesses and institutions,
which may pay to use it.
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Broadband can be an economic development initiative targeting network service
providers. Network infrastructure can be developed in the same manner as an
industrial park. Some minor changes in City programs could have significant results.
Major results will require additional capacity focused on developing and leveraging
network assets for the community. All the ingredients—tactics—specifically
prospective fiber routes, are included along with phasing and preparation
recommendations and implementation guidelines.

Factors to Consider in Broadband Strategy

The factors to consider in broadband development, shown in Figure 2, can be
simplified to needs and opportunities. Needs drive development while constraints
determine opportunities. Needs are determined by goals, purpose, and values.
Available assets and support are constraints. Broadband development involves
working within constraints to address needs and achieve goals. Strategy is how and
when resources are deployed to realize the vision.

Competitive Community LIS ELGLEIRN Organization . Funding & V\::I:I;ia;k
Environment Needs GGG (£ Capabilities Revenue
Tolerance
\_ AN /
' N
Drivers/Needs Constraints/Opportunities

Figure 2. Key considerations for successful broadband development

The competitive environment is an important consideration if a goal is to increase
competition and consumer options. The same is true for community needs, which
range from basic access to ironclad uptime commitments. The City itself has
operational requirements, including ability to innovate. That said, the City has limited
capacity and priorities other than broadband. Funding is needed for more
capabilities, as well as infrastructure, and any revenue may be used for other
priorities. In the end, leadership is the critical consideration. All the above requires
leadership commitment to allocate resources and sustain practices.
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City Assets and Connectivity Needs

The City of Vacaville needs network assets to connect municipal facilities, other
assets, and sites. It has few assets available for this purpose. The prime assets are
active cellular radio access network (RAN) sites and streetlight poles that could
accommodate smaller scale RAN sites. The value of these assets is limited by lack of
fiber infrastructure to connect them. Both may need additional connectivity, too. The
cell sites undoubtedly have privately-owned fiber that is not accessible beyond those
specific locations, leased by cellular phone companies via large-scale package deals.

o City of
Vacaville
o PG&E

Unknown

e Private

» CalTrans

Figure 3. Streetlights in the City of Vacaville

Small cell infrastructure increases RAN capacity and speeds, as it is increasingly
deployed as streetlights. While small cells can connect wirelessly to macro cells, fiber
is preferable. Therefore, it may make sense to deploy fiber adjacent to streetlights in
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areas where population is denser and faster growing, specifically to enable next
generation wireless broadband. To ensure equity, the City would likely need

participation from PG&E, as it owns streetlights in large portions of the City including

areas with lower-income population.
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Figure 4. Throughput of 531 responses by geographic location
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As shown in Figure 4, Vacaville's core areas seem to have broadband services. Survey
results indicate that around 11% of residents have less than minimum broadband
speeds, e.g., aggregate throughput of less than 28 Mbps. Another 40% have
broadband below the State of California’s new standard of 100 Mbps down and 20
Mbps up—or total aggregate throughput of 120 Mbps. Areas in the 1-80 corridor had
fewer and slower results, which may be due to socio-economic issues. Undeveloped
areas to the north (Eubanks Rd) and south (Lagoon Valley) appear to have limited or
no network infrastructure.

The geographic distribution of speeds suggest that low speeds were due to the cost
of service rather than lack of availability. This conclusion is backed up by other results
showing that half of respondents to be dissatisfied with costs. Services are available
from AT&T and Comcast Xfinity, the common cable-telco duopoly, supplemented by
wireless providers. Average costs for broadband were over $80 per month.

own

. #/) Integra
: VJQK P Level 3 (TWT)
3 W) Raill America [ROW)
TP Communications
Wanve Bugingss [now A...

) Zayo Metrg

Vacaville
Junction

Figure 5. Middle-mile fiber routes run along the railroad and up Leisure Town Road, with
a loop to extending down Grassland and Horse Creek drives.

Beyond the incumbent cable-telco duopoly, Vacaville has very limited network
infrastructure. Zayo anchors a fiber route to the State Compensation Insurance Fund
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that contains long-haul and middle-mile fiber, portions of which are leased by other
providers. This infrastructure may be accessible (at least middle-mile portions of it)
by major enterprises along the middle-mile route but is unlikely to be useful for City
priorities. That said, local fiber infrastructure can be interconnected to these major
fiber routes, which increases the practical value of both the local and the long-
haul/middle-mile fiber.

Table 1. Number of Sites per Connection Speed with Monthly Recurring Costs

Speed
Mbps Sites Average MRC
20 12 $398
50 4 $431
100 6 $617
200 3 $810
1,000 1 (City Hall) $2,479 (includes DIA)3?
10,000 1 (City Hall) $850
Total 27 $5,585

As shown in Table 1, the City of Vacaville itself pays over $5K per month for
connectivity to 22 sites, including multiple connections at the City Hall data
center, illustrated in Figure 6. Many of these connections are woefully slow—
20 Mbps or slower—especially considering the cost. Even with that expense,
numerous facilities, particularly community centers and parks, have
effectively no fixed connectivity, which profoundly limit their ability to provide
services to residents. While many city facilities rely on cellular data
connections due to lack of economic alternatives, cellular radio access
networks (RAN) do not cover portions of the sites. We heard about substantial
areas of the City where personnel—including fire, police, and other first
responders—could not get data connections. Beyond specific personnel and
sites, many City assets require connectivity for advanced operations, including
streetlights, traffic signals, and water pumps.

3 DIAis “dedicated internet access,” which is a high-capacity connection with service level
commitments (e.g., uptime, maximum latency, etc.) that provides bulk transport to and from the
core internet.

MAGELLAN BROADBAND, LLC SEPTEMBER 30, 2022
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City of Vacaville sites connected at various speeds

Figure 6. The City of Vacaville wide-area network (WAN) uses AT&T and Comcast to
interconnect over 20 sites, along with multiple cameras, to its data center and provide
internet access

Like the City, local businesses need bandwidth for internal operations and customer
use, both of which are critical to their success. They depend on reliable connectivity
for normal operations. A local fiber cut recently caused a four-hour outage, which
prevented major businesses from accessing their remote corporate IT resources,
including mission-critical systems. Vacaville and its businesses must compete with
other areas of the region. Business leaders felt they were losing customers and
investors due to the lack of broadband. Many would like at least two path redundant
connections to the Internet, and they prefer multiple service providers with diverse
routes to these major interconnect facilities. Cellular coverage, which functions as a
fallback connection as well as providing flexible access, needs to be faster and more
ubiquitous.

The City of Vacaville has several development agreements and plans that have
implications for broadband infrastructure. The newest, largest opportunity is in the
Northeast Growth Area, which is approximately 1,400 acres of undeveloped
agricultural land along Interstate 80. The goal is to attract technology, biotechnology,
and advance manufacturing industries to this area. The existing business park and
industrial parks located between interstates 80 and 505 present the 2nd largest
opportunity for broadband infrastructure. Other opportunities would include 141
parcels representing core retail areas, neighborhood retail centers, the Lower
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Lagoon Valley area, and other residential areas. As of late 2021, the City had 6,725
residential units planned. Only 14% of the subdivision units were built and none of
the 623 apartment units were built. The City's newly developed Downtown Specific
Plan there are 460 parcels, totaling 160 acres in the Downtown district to be included
in this master planning effort.*

Fiber infrastructure in major thoroughfares could connect most City facilities,
interconnect traffic signals, and provide utility control connections as well as reach
many streetlights. This could also reduce the City's telecom costs while enabling new,
high-value applications, particularly when extended to wireless RAN infrastructure. It
could also enable the City to generate revenue and guide private investment to align
with public priorities. This infrastructure could reach many businesses and
interconnect with middle-mile fiber for direct access to major markets and tier 1
internet providers. Deploying the fiber in rings increases resilience and flexibility
along with capacity. Cameras are a prime example: they have huge benefits when
distributed and connected throughout the community but don't justify building
single-purpose hybrid fiber-wireless infrastructure. Local fiber could interconnect the
cameras and provide economical backhaul to cloud storage for video.

Network infrastructure is most economical when it supports numerous applications,
generating many times the benefits of a single-purpose network at small marginal
costs. Assuming the City of Vacaville wants to improve connectivity for municipal
operations, it makes sense to get as much use as possible out of each connection.
Under the same principle, it makes sense to have as many users as possible on the
network, which means connecting cell sites, anchor industry and institution facilities,
and even residents’ homes. This will require additional assets, partners, and
organizational capacity, including ability to engage diverse stakeholders in
broadband planning and deployment.

GAP ANALYSIS

The range of policies and resources available to achieve the broadband vision for
Vacaville is detailed in the following sections of this report. City leaders’ decision to
invest solutions may be based on the gaps in requirements and the opportunities
to fill them. The gaps discussed below can be boiled down to whether policies and
resources for broadband are abundant, adequate for current purposes, limited for
current purposes, or non-existent, as summarized in Table 2.

4 For further information see https://www.ci.vacaville.ca.us/government/community-
development/major-development-projects/downtown-specific-plan?locale=en.
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Policies Status
Capital improvements planning Limited
Community Engagement Adequate
Comprehensive Planning Limited
Dig Once/Open Trench Limited
Development Conditioning None
Expedited Permitting With Tracking Limited
Fiber Construction Standards Adequate
Wireless Master License Agreement Adequate
Zoning/Appearance Requirements Adequate
Resources Status
Broadband Services Adequate
Public Fiber None
Private Fiber Limited
Streetlights Abundant
Traffic Signals Abundant
Public Properties Abundant
Radio/Wireless Adequate
Staff Capacity Adequate

PAGE 15

Table 2. Status of broadband-related policies and resources for the City of Vacaville

1. Vacaville lacks network infrastructure and has
limited service provider options.

Vacaville is served by a cable-telco duopoly—AT&T and Comcast—Ilike most American
cities. Cellular services are available from the Big 3 providers—AT&T, T-Mobile, and
Verizon—but with coverage issues in some key areas. Enterprise-class connectivity is
available to major facilities from Zayo and a few other companies using essentially
the same infrastructure, as well as a local wireless ISP (WISP). The City itself has very
limited assets, although it is currently generating nearly $600K per year in lease
revenue from cell sites.> At the same time, the City has significant unmet connectivity
needs. This represents a substantial gap in private investment.

> Based on data provided by City of Vacaville, February 23, 2022.
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2. The city lacks connectivity for current operational
purposes.

Some municipal sites lack connections, others have slow or unreliable connections,
and current connections are relatively costly. Police stationed at schools have no
connectivity because they are not able to use the schools’ network. Live video from
cameras around the city would improve safety and traffic. Transit sites need
connectivity for real-time information displays and public wi-fi. Water utility, traffic
signals, and even streetlights could operate more efficiently and effectively if
connected. Community centers and parks could manage facilities better and offer
new services with better connectivity. Connections to community anchors, such as
hospitals and schools, county government, and neighboring cities could improve
resource sharing and resilience in the face of threats like wildfire. Vacaville's
numerous and sizable development opportunities require abundant connectivity.
This gap is a major barrier to achieving Vacaville’s mission and vision.

3. The city’s data traffic patterns are changing, which
will impact connectivity needs.

Vacaville is changing and growing. It is well positioned for major business investment.
Its location makes Vacaville ideal for regional retail and service companies as well as
teleworkers from Sacramento and San Francisco. New corporate, family, and
individual residents will demand better, cheaper, faster broadband and cellular. The
City and region face environmental as well as demographic changes. Resources will
need to be even more carefully managed in the future. City operations and services
will have to evolve, most likely in @ manner that requires even more connectivity.
Everyone is already using more services “in the cloud” and that will only increase.
Providers will eventually respond with 5G and other next generation services but not
necessarily at a place and time that meets community needs. This represents a gap
in planning that must be filled for Vacaville to develop and operate intelligently.

4. Needs for digital skills and technical talent are
barriers to broadband impacts and will only increase.

While workforce issues are outside the scope of this plan, it is important to note the
implications of this plan. Networks require extensive knowledge and other abilities
to use as well as build and operate. Success in the City's goals for economic
development will come with increased demand for technological workforce. The City
of Vacaville itself will need staff with advanced and basic technical skills. Every
business leader will need to understand how to capitalize on broadband, and will
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need employees who know data, cybersecurity, applications, etc., if this plan is to
realize its full potential. No one can be left out. The skills gap may be a bigger
impediment than the connectivity gap, but the two can be closed simultaneously.

OPPORTUNITY ANALYSIS

Strengths, weaknesses, opportunities, and threats can be objectively defined in
terms of control and proximity—internal versus external—and whether they are
positive or negative. Indeed, the important question is whether items or situations
help or hinder the City in achieving its vision and goals, enabled by more specific
vision and goals for network infrastructure and services. Figure 7 illustrates the
current situation for Vacaville. Essentially, the City has assets it can use to enable new
growth and generate new revenue as well as reducing and avoiding costs.

Strength Weakness
Positive/Helper Negative/Blocker
Opportunity | [
Internal/ przgglrltcies Permitting/
. capaci ;
Short-term Traffic pacity planning |~
signals Ordinances and Fiber
‘ Streetlights & Standards Recurring
costs
Development Wireless
areas coverage
Anchor Long-
il Broadband haul/Middle-
industries ;
Broadband || costs/options mile fiber
Long-term
Threat

Figure 7. Vacaville has various items and situations that can help or hinder achievement
of its vision and goals.

A general strategy is to build on strengths to address weaknesses and mitigate
threats. The City of Vacaville can capitalize on public properties, streetlights, and
traffic signals—in part by updating its permitting and planning processes,
ordinances, and standards—to improve infrastructure and services and reduce
recurring costs for anchor industries and institutions as well as the City. Anchor
industries and development areas are clear strengths. The City can use them as
opportunities to address items that could block achievement of the City's goals.
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Specifically, the City can be a catalyst for private companies to deploy next generation
wireless and extend long-haul and middle-mile network connectivity to support
economic development, public safety, and quality of life.
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Broadband Development Options

The City of Vacaville has numerous options for developing and utilizing broadband
in support of the City's mission and vision. As illustrated in Figure 8, these can be
seen a layers in a complete, effective strategy. Upper layers determine requirements
of lower layers, and drive investment. The options in the upper layers are constrained
by the functionality of the lower layers—starting with basic availability. This plan
considers all the options for each layer, focusing on the best fit for Vacaville based
on considerations discussed above.

Business
Model/Services

polc 3
? olicies 'E
© 5
5 Staff & Systems 3
"3 =
c =
- (7]
[T

Infrastructure

Assets & Sites

Figure 8. The City of Vacaville has multiple layers of options for broadband development

BUSINESS MODEL

A business model describes how assets can be combined to achieve purpose as
defined by vision: connectivity for all, investment by private providers, and a platform
for municipal improvement and innovation. Broadband business models for local
government to achieve such outcomes range from passive, policy-only approaches,
through public-private partnerships, to directly providing retail broadband services.

As illustrated in Figure 9, the amount of investment involved increases with
service offerings. Revenue potential also increases, but so does risk.
Organizational capacity is part of the investment needed for optimal
outcomes. The risk depends on where the infrastructure is deployed but also
the level of effort put into selling physical connections and services. Focus on
revenue, return on investment, and profits runs the risk of missing other
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benefits and impacts. Good governance reduces these risks as do strong, clear
partnerships.

. Full Retail
:‘{bl'c' v Broadband
rivate Services
Partnership St

g (P3) zone " WO Business-only Retail Active
"E’ coo‘:,«' Broadband Services /~ Models
- () ‘."'
0 e@"i.v‘ Open Access/Wholesale
z et Transport Services
= P
(o) o5 )
= P Public Sector
S ; Connectivity Services
a e

Infrastructure-only ~ Passive

Provider Models

Public Policy

>

Public Control

Figure 9. The broadband business models represent a continuum of options with various
levels of public control and investment

The business models in the middle of the continuum accommodate, but don't
necessitate, public-private partnership (P3). The essence of such a partnership is that
for-profit and for-people entities collaborate to achieve complementary, if not
common, objectives. The bottom line for private entities is profit, while it is quality of
place for public agencies. In concept, private entities can flexibly mobilize resources
where there is money to be made and public agencies can redistribute resources to
ensure no one is left out. A P3 can help realize both these outcomes: public
involvement reduces risk to private investment, and private involvement enables
faster and more extensive execution. Generally, partnerships decrease risks while
enabling larger or new forms of rewards.

The most apparent gaps in Vacaville are for municipal sites and operations. The City
itself needs more, better network infrastructure, particularly for distributed assets—
cameras, pumps, streetlights, traffic signals, etc. The City has clear interests and
plans for development in commercial areas, particularly downtown and the
Northeast Growth Area, that will require diverse, high-performance network
services. City-owned parcels and streetlights can be used for radio access networks
(RANs), particularly 5G, if they have fiber to them. While there is no clear gap in
broadband availability, consumers clearly want more options and lower costs. Thus,
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it makes sense for Vacaville to focus on building network infrastructure for internal
purpose but plan to capitalize on it as a catalyst for private investment.

Cost Savings, Revenue Potential, and Other Benefits®

As noted above and in separate technical memos, the City of Vacaville pays about
$150K annually for connectivity’” and it generates almost $600K annually in lease
revenue from cell sites.® Many of the City's current connections are rather slow.
Several city sites and many of its assets are not connected, which creates barriers to
improved services and generates other costs and risks. Cellular coverage in the city
could be better and new wireless systems (see “Wireless Access Infrastructure”
subsection below) will require additional infrastructure, including fiber network
connections. The City could get better cellular coverage with next generation
technology and generate more revenue in the process.

Dark Fiber Leasing

The infrastructure leasing business model involves providing fiber (or conduit) for
monthly or long-term capital leases. Demand for dark fiber depends on local market
conditions. Conduit (2-inch) in core urban areas outside major metros leases for
$3.00 to $5.00 per foot. Generally, Magellan Broadband does not recommend leasing
entire conduits because it reduces ability to capitalize on the asset and flexibility to
use it. It is possible to install inner-duct in 3-inch or larger conduits and lease one or
more of those. We would only recommend leasing larger conduit to a private partner
committed to building out fiber-to-the-premises for the entire area and providing
deeply discounted services to anchor institutions.

Fiber leases can be boiled down to a cost per strand-mile. So, for example, a 10-mile
long 244-strand backbone would have 2,440 strand miles, each of which could be
leased separately.® Typically, fiber leases have a minimum distance amount and an
annual maintenance fee. A wide range of discounts may be offered, including leasing
an entire buffer tube within the cable, entire end-to-end strands (rather than a

© All prices in this section are approximate and highly dependent on specific customer requirements
and market conditions.

7 Based on spending data as of August 2021, provided by the City of Vacaville, April 19, 2022.
8 Based on revenue data provided by the City of Vacaville, February 24, 2022.

9 Leasing a portion of a fiber strand can physically strand the rest of that strand. For example, if a 1-
mile section of a strand is leased in the middle of a cable, the remainder on each end may be
practically unusable. This is another reason for deploying fiber in rings: It reduces risk of stranded
strands.
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portion), entire rings, and/or for longer terms. If structured as a long-term (20 years
or more) capital lease—also known as indefeasible right to use or IRU—lessees pay
the entire lease amount upfront.

Table 3. Target dark fiber lease rates (£20%) for Vacaville based on comparable markets

Service Component Cost Per
Monthly Dark Fiber Lease \ $150 Strand Mile
20-year Dark Fiber IRU ' $3,500 Strand Mile
Minimum Lease 3 Strand Miles

Annual Fee $250 Route Mile

The lease rates shown in Table 3 are reasonable targets for Vacaville based on
our analysis of the local market and comparable cities, particularly on the
West Coast. Actual rates and total revenue depend on the amount, coverage,
or length of the fiber infrastructure and the presence of major customers—
including network service providers—in the area.

Data Transport Services and Revenue Sharing

Wholesale transport services revenue may generally come from either leasing
capacity—Ethernet connections or lambdas '© —or from a revenue share by
wholesale customers, i.e., retail ISPs. Generally, enterprise customers pay per
circuit—a lit fiber or a portion thereof (a lambda)—connecting one or more sites
along with other services such as dedicated internet or firewall. Actual fees can vary
greatly depending on market conditions, service levels, and other factors. Local
transport for a single site is approximately $2,500 for a 10 Gbps circuit or $900 for
1Gbps. Backhaul interconnection increases costs substantially, effectively tripling
costs.

Revenue share can make sense where the City owns all infrastructure including
access and distribution lines. This approach ensures the City has stake in providers’
success and providers only pay for actual revenue. Typical revenue shares are
between 20% and 40% or around $30 average per residential subscriber or about
$300 on average for a dedicated transport circuit. It isn't practical to provide
meaningful estimates for revenue sharing due to complex dependencies, including
build-out strategy.

10 A fiber path is a set of contiguous strands between two or more points. A lambda is a portion or
“color” of laser light within a strand.
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Macro And Micro Cell Lease Revenue

The City is currently getting and average of $3200 per month for cell sites. This is a
reasonable baseline or target rate for undeveloped sites with 10-year lease.
Developed sites have towers or other supporting facilities that have one or more
attachment positions. A baseline rate for a single position with three feet of clearance
is $700 per month with 5% annual escalation plus $50/month for power and $2,000
one-time set-up for a 5-year lease. Micro-cell pole attachment lease costs are
approximately $350 per month with 5% annual escalation plus $30/month for power,
$2,000 one-time set-up for a 5-year lease. All construction costs can be borne by the
lessor. The City should have a means for vetting and approving all construction
contractors.

POLICY

The state and federal broadband policy environment strongly supports expansion of
the City's broadband infrastructure to achieve Broadband Master Plan goals and
vision while ensuring the City can maintain its unique aesthetic preferences and
qualities. State and national policy is squarely focused on eliminating the “digital
divide” and making broadband access available to all citizens and communities.

The City of Vacaville can most effectively capitalize on the current broadband policy
environment through a comprehensive, proactive approach to developing its digital
infrastructure, including but not limited to broadband. Traffic and utility
infrastructure require and are co-located with network assets in the public right of
way. Access infrastructure directly supports economic development, education,
essential services, health care, and housing. While abundant resources are coming
available for broadband development, it is unlikely they will be adequate, but they
may be used as leverage for other funding. A wide range of complementary
investments and impact multipliers are made possible by a comprehensive strategic
approach.

Magellan provided an “Assessment of City Policies and Ordinances” which included
detailed review of all the recent state and federal actions on broadband policy and
funding, as well as assessment of the City's policies."’

" The Assessment of City Policies and Ordinances was provided by Magellan on June 9, 2022. This
Assessment described the broadband policy environment generally and also laid out the details
regarding California’s broadband policy development as well as recent policy development by the
Federal Communications Commission, and the broadband infrastructure provisions of the
Infrastructure Investment and Jobs Act.
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Existing City Broadband Policies and Resources

The City's existing policies regarding wireless broadband infrastructure were
adopted under the auspices of the FCC “Small Cell Order” in 2020. The ordinance
(Chapter 13.22) is well crafted as is the companion “Policy on Small Wireless Facility
and Other Infrastructure Deployments in the Public Rights-of-Way".

Further documentation on small cell includes a Pole License Agreement template to
provide common terms and conditions for all wireless providers for deployment of
small cell facilities on City structures including streetlights, and new standard details
for installation of small wireless facilities on City streetlights. These provisions are
also well crafted and current.

Public Works and Community Development also should be aware of requirements
of subsequent FCC decisions on wireless siting. The “5G Upgrade” decision'? allows
applicants for siting of 5G antennas to start the shot clock with the first procedural
step required by a City, including a pre-submittal meeting. The City’s Policy on Small
Wireless Facility Deployments includes a “voluntary presubmittal conference” (under
Section 6, Application and Review Procedures) which applicants may use to attempt
to start the shot clock.

For larger wireless infrastructure, the City has a Telecommunications Facilities
ordinance (Chapter 14.09.125) which provides regulations for permits for wireless
towers and antennas. This ordinance was last amended in 2020 and is up to date and
generally in line with other California cities. The FCC has taken one action subsequent
to ordinance adoption which should be noted. Its “Site Modification Order” '3
expands the definition of an “eligible facilities request” to include ground excavation
or deployment of transmission equipment up to 30 feet in any direction outside the
boundaries of an existing tower site. The City may see applications for modification
of existing tower sites which cite this provision.

Finally, to the extent it hasn't already, Public Works will need to plan its approach for
compliance with SB 378, which mandates approval of “micro-trenching”
applications, which is defined as a narrow open excavation trench that is: (1) no wider
than 4 inches; (2) at a depth of 12 to 26 inches; and (3) created for the purpose of
installing a subsurface pipe or conduit. There appears to be a consensus within the
City's management that the shallower depth is undesirable for long term health of
the City's streets.

12 “Assessment of City Policies and Ordinances”, Appendix B at page 13.

13 “Assessment of City Policies and Ordinances”, Appendix B at page 15.
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Improving Policies to Support the Broadband Master
Plan’s Goals and Vision

Affordable Connectivity Program

The City could assist in expanding the penetration of broadband services by making
it a practice to regularly publicize and promote the availability of new FCC Affordable
Connectivity Program benefits' to qualifying City residents. The ACP provides a $30
per month subsidy through participating broadband providers to reduce the price
for a minimum 100 Mbps download speed broadband connection for eligible
households. The City can benefit from the ACP by gaining awareness of program
details and communicating them to their low-income residents and program
managers for services provided to the low-income communities.

Fiber is the Foundation for Fast Broadband Access

Both wireline and wireless broadband services require fiber optic cable. The
Infrastructure Investment and Jobs Act (IJA) and SB 156 in California have made large
amounts of funding available to invest in fiber optic technology, particularly in open-
access middle mile networks and last-mile fiber networks for unserved areas lacking
access to 100 Mbps upload/100 Mbps download speeds. Additional policy actions by
the City can also contribute to expanding the reach of fiber optic connections in
Vacaville. Generally, it is advisable to incorporate fiber—or at least conduit—into all
capital projects and plans. For example, including broadband in HUD plan could
allow multi-dwelling units to be retrofitted with fiber.

Radio is Essential for Flexible Access

Whether via cellular or Wi-Fi, most people connect to the net via radio access
network. Citizens Band Radio Service, low-power wide-area network, and millimeter
wave, not to mention 5G, are growing more common. Typically, these technologies
co-exist, and all rely on fiber for backhaul to core networks. They also require
mounting on physical facilities—buildings, poles, tanks, or towers. Vacaville has a
strong precedent for placing cell sites on public property. City assets, particularly
streetlights, can be used as micro-cell sites, if connected via fiber. Permitting and
zoning, including reasonable design and construction standards, can facilitate this. A
thorough review of assets and sites will identify what is practical for development.
Wi-Fi infrastructure can be inexpensively deployed in most public spaces—

4 The FCC's Affordable Connectivity Program is funded by the Infrastructure Investment and Jobs
Act.
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community centers, major parks, public buildings, transit centers, etc.—particularly
if implemented in a standardized manner.

Transportation and Utility Projects and Broadband

Transportation and utility infrastructure are getting smart so require connectivity to
operate, improving traffic and reducing impact on natural resources. Network assets
can be economically incorporated into other infrastructure. Fiber for traffic signal
interconnects can include additional fiber and conduit for other applications,
including broadband services and cell site backhaul. IlJA provides more funding for
traditional infrastructure programs than specifically for broadband. The City can
capitalize on that and complement investment specifically for network assets. The
key to this is to fully incorporate and include network infrastructure into other capital
projects and permits.

Utility Coordination and “Dig Once”

State and federal policies are being established for coordination of utility work in the
public rights of way to foster efficient and cost-effective placement of fiber whenever
the public rights-of-way are opened for any project. The Federal Highway
Administration implemented a new rule ' this year to facilitate installation of
broadband infrastructure. To accommodate broadband in the right of way federal
highway projects by rule the state department of transportation is to identify a
“broadband utility coordinator” to be responsible for facilitating infrastructure efforts
in the rights of way. This is a substantial change of policy direction at the federal level,
toward allowing the use of federal highway funding to expand broadband
infrastructure and encouraging broadband utility coordination while working on
projects involving work in the right-of-way.

Similarly, Caltrans has implemented new policies under state legislation pertaining
to wired broadband facilities on state highway right of way on its website. This
includes a new resource for “Accommodation of Wired Broadband Facilities within
Access-Controlled State Highway Right of Way” '® dated March 14, 2022 that
addresses state legislation and considers the new rule from FWHA. The Caltrans
website provides contact information for its Broadband Coordinators, including for

15 See, 23 CFR Part 645.307(a), and “Assessment of City Policies and Ordinances” at page 9.

16 https://dot.ca.gov/-/media/dot-media/programs/traffic-
operations/documents/encroachmentpermits/attachment-a-wired-bb-accommodation-a11y.pdf
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Vacaville." Inventory and mapping of Caltrans-owned wired data communications
assets including broadband conduits is available from the Caltrans district contact.

The Golden State Network (below) is a new public corporation that will build and
operate statewide middle-mile network in Caltrans rights-of-way. The City should
explore these opportunities with the representative on broadband utility
coordination and GSN. Deployment of additional broadband infrastructure for other
purposes can be planned in conjunction with traffic fiber for Intelligent
Transportation Systems (ITS) and the City’s fiber master plan.

Implementation of the utility coordination concept often begins by coordination
among City departments first, such as Public Works, Utilities, Community
Development and the various transportation improvements at regional (e.g., Jepson
Parkway, Caltrans projects, City of Fairfield, etc.) and local levels. The concept can
then be extended to include projects of private utilities and other occupants of the
public right of way using the same cost saving/pavement protecting objectives.

Utility coordination can begin with city departments ensuring they are coordinating
on major projects to include broadband infrastructure where needed by considering
at early stages of the projects how can it be used to expand broadband capacity and
availability. Going forward, all significant City projects and initiatives should include
explicit consideration of broadband implications. Broadband is critical infrastructure
and general plan elements should incorporate actions which support expansion of
broadband infrastructure.

Utility coordination is consistent with the Public Facilities and Services element of the
General Plan, which states “to avoid damage to the public investment in landscaping
and roads, and to avoid disruption to residential neighborhoods, maintenance and
installation work should be coordinated and properly scheduled.” It supports
deployment of fiber to streetlights and traffic signals in alignment with the
Broadband Master Plan, as well as include placement of conduit in economic
development corridors, transportation planning and capital improvement projects.
In sum design and development processes and documents need to include
broadband as a fundamental consideration.

Development Standards and Conditions on Development Agreements

Inclusion of requirements to place fiber/conduit, concurrent with development, in
developer agreements would ensure efficient provision of fiber-optic based next

7 Caltrans Broadband Coordinators, Caltrans.
https://dot.ca.gov/programs/design/wiredbroadband/poc
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generation broadband services furthers achievement of elements of the City's
General Plan - particularly the Land Use and Public Facilities and Services elements.'®
Examples of approaches to conditioning development include:

e The City of Brentwood California requires developers to place conduits and fiber
optic systems for use by the City and its licensed franchisees. [See, Title 16,
Subdivisions and Land Development, Chapter 16.120.120, Undergrounding -
Electric, communications, street lighting and advanced technology systems.]

e The City of Shafter California conditions approval of developer agreements in
part on installation of fiber optic systems to serve each buildable lot and
dwelling in the development in concert with its municipal fiber optic network.
The City provides detailed fiber optic requirements.'® [See, Appendix D,
Developer Agreement Conditions for the City of Shafter CA]

e Sandy, Oregon requires all development sites shall be provided with public
water, sanitary sewer, broadband (fiber) and storm drainage, constructed
concurrent with development. Work to install public improvement facilities must
proceed according to procedures adopted by the City Engineer, to among other
things “provide for orderly and efficient land division patterns supported by a
connected system of streets, fiber (broadband), water supply, sanitary sewer
and stormwater drainage facilities.” [Development Code, Chapter 17.84.60]

e Ocala Florida through its Utility Services department establishes fiber conduit
rules which contain detailed specifications and procedures for conduit to be
installed by the developer, including developer/contractor responsibilities,
trench specifications and procedures, requirements for use of joint trench,
conduit specifications and procedures, and drawings and exhibits. Ocala Utility
Services will install the fiber optic systems using these conduits constructed
under its “Fiber Conduit Rules and Regulations”. These specifications are similar
in nature to the City of Shafter's developer conditions.

Broadband access and internal building wiring can be required for affordable and
public housing and CDBG and other HUD funds can be applied to this purpose.

18 “Assessment of City Policies and Ordinances” at pages 12-14.

%“Assessment of City Policies and Ordinances”, Appendix D at page 19.
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Resource and Policy Gaps that Constrain Attainment of
Broadband Goals and Vision

The lack of cost-based open access “middle mile” network fiber facilities is known to
impede provision of “last mile” broadband connections to businesses and residents.
The State of California has provided substantial funding for the “Golden State
Network” -a statewide middle mile network, and numerous projects are underway
to construct the network. Corporation for Education Network Initiatives in California
(CENIC) has been selected as the administrator for this network. There is a proposed
GSN route through Vacaville that promises to be useful and cost-effective for
connecting the City's broadband networking to the Internet. The City should include
this GSN middle mile networking in the planning for its broadband networking since
it promises to be cost effective and efficient. The City should establish contacts with
the staff for the project at CENIC.

STAFFING AND SYSTEMS

Organizational capacity is needed to deploy, manage, and operate a network. The
investment increases with level of control in businesses models including staff and
systems for these purposes. At the minimal level of an infrastructure-only business
model, the City of Vacaville will need at least one network technician and part of a
GIS specialist position. It would probably be best to combine these roles in a Network
Infrastructure Manager position responsible for executing and tracking adds,
changes, or moves.

Other departments, particularly Public Works, will see marginal increases in
workload as they accommodate network assets in other projects and programs.
Capacity to promote the network as a useful asset for business will be needed to
generate revenue. This function could be part of Economic Development’s work and
may be shared by staff responsible for tracking revenue from cell site leases. It would
be advisable to invest in specialized fiber management software, which may require
additional staff capacity.

Any business model beyond leasing a limited amount of dark fiber will require
dedicated staff. The City of Vacaville would need a Broadband Director with strong
understanding of facilities leasing and maintenance to be responsible for overall
organizational performance, focused on finances and governance. If the City is
actively promoting use of the network, it will also need a Marketing Manager for
identifying and managing lessees. The Marketing Manager may also work with
wholesale customers to promote their internet services to the community.
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At this level, the City will have a “Broadband Department” comprised of a Director,
Infrastructure Manager, and Marketing Manager. The Broadband Department will
need a fiber management system (FMS) and should have a maintenance fund to
cover repair costs. Budget approximately $75,000 for one-time software costs with
annual fees of 15%. Major maintenance or repair tasks—anything requiring
excavation—may be contracted out or may be handled by Public Works. If the
Broadband Department offers any service that involves a service level agreement, it
will need external contractors on ready and a dedicated full-time Network Engineer.

Table 4. Fully-loaded cost estimates for staffing various jobs in a broadband enterprise

POSITION ANNUAL
COST

Broadband Director $178,200
Accounting Manager $126,360
OSP/Engineering Supervisor $157,140
Sales & Marketing Manager $129,600
Headend/Network Engineer $113,400
Customer Support Manager $105,300
Technical/NOC Support Manager $129,600
Business/Enterprise Account Manager $72,900
Network/NOC Technician (Data Center/Inside) $97,718
Technical Service Rep Level 1 $50,544
Technical Service Rep Level 2 $60,653
Field Services Technician (in-house) $77,501
Field Locates Technician (in-house) $72,446

A retail broadband enterprise has substantial overhead and operating costs,
as well as much larger capital investment in infrastructure and equipment.
Payroll can account for 90% or more of ongoing costs for a broadband
enterprise. For reference purposes, Table 4 lists estimated annual costs to
fully staff a broadband enterprise. EQuipment licenses, maintenance, refresh,
and upgrades create recurring costs and large periodic costs. Limiting
operations to a backbone network greatly reduces both up-front and on-going
costs while providing critical functionality and setting the stage for private
investment.

INFRASTRUCTURE

There are various types of network infrastructure. Generally, local broadband
networks are composed of feeder (or core), distribution, and access infrastructure.
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Access infrastructure terminates at customer premises where it connects to private
infrastructure, including Wi-Fi routers, LANs, “campus fiber” that interconnects
multiple, co-located buildings at a large site. Ring topology minimizes risks from an
equipment failure or fiber cut. The rings are interconnected to increase flexibility and
resilience.

The local networks interconnect with long-haul and middle-mile networks but are
typically totally separate infrastructures. Special purpose networks, particularly for
utility SCADA systems and traffic signal interconnects, are typically totally separate
infrastructures. The standard medium for all these networks is optical fiber, although
radio-based wireless connections are common in access infrastructure and other
settings. Fiber has more capacity, but radio is more flexible. There is also a good bit
of legacy copper coaxial and twisted pair cables but that is generally being phased
out. All these forms of network infrastructure can and do coexist and interconnect.

More generally, local network infrastructure can be thought of as “backbone” and
“last mile.” Backbone routes follow major thoroughfares, as well as some secondary
streets where appropriate to complete a ring. Spurs extend into remote areas where
itis not practical to complete a ring. Last-mile infrastructure, also referred to as “edge
networks,” reaches into homes, offices, vehicles, and literally the palm of your hand.
The City of Vacaville is not going to become a retail broadband service provider, so is
unlikely to deploy last mile distribution and access infrastructure.

Therefore, we focus on backbone infrastructure, which could be leased to network
service providers to use as feeder network. We also review options for access
infrastructure because (a) it defines prospective providers’ capital investment and
connectivity requirements, (b) it is required for achieving some of the City's goals,
mission, and vision, and (c) the City may decide to deploy it for specific projects or
purposes.

Backbone Fiber

The route analysis features backbone network infrastructure to interconnect
multiple other networks and sites. It consists of high strand-count (e.g., 288-strand)
fiber cable deployed overhead and underground, based on the City of Vacaville's
power infrastructure (i.e., overhead where there are poles). Underground also tends
to be more aesthetically acceptable. The design should include two separate
conduits with shared access points (hand holes) at regular intervals and hubs at key
locations.
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Figure 10. Prospective fiber routes in the City of Vacaville

Table 5. Road corridors for prospective fiber routes

Corridor Miles
Alamo Drive 6.99
Allison Drive 1.76
Browns Valley Parkway 0.99
Browns Valley Road 2.18
Depot Street 0.27
Dobbins Street 0.20
Elmira Rd 4.68
Eubanks Drive 1.72
Farrell Road 0.49
Leisure Town Road 5.49
Mason Street 0.81
Merchant Street 1.04
Midway Road 3.82
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Corridor Miles
Monte Vista Avenue 5.75
North Orchard Avenue 1.38
North Village Parkway 1.93
Nut Tree Road 4.41
Orange Drive 2.34
Ulatis Drive 2.19
Vaca Valley Parkway 4.81
Yellowstone Drive 1.44
All/Total 54.71

Backbone fiber can be managed as a physical asset by assigning specific strands to
specific users, commonly on a lease basis, and uses. Strands in various cables must
be physically spliced together or optically interconnected, including via splitters, to
form complete paths so that any light shone (transmitted) down the fiber is seen
(received) at the other ends. This approach has relatively low cost because it doesn't
require purchasing or operating equipment, but it can also be very in efficient.

For example, if two strands in a 10-mile-long backbone (20 strand-miles total) are
used to connect two sites that are a mile apart (2 strand-miles), the other 18 strand-
miles become stranded and can only be used on each side of the interconnected
sites. This approach also misses the benefit of redundant paths: If the fiber is cut
between the two sites, the connection is lost because the information can’t flow in
other directions.

Fiber Construction Methods

There are many different construction methods to deploy a fiber optic network, some
use existing infrastructure and other methods are new and require substantially
more labor, materials, and expertise. There are types of construction that are better
to use when a speedy deployment is desired. The baseline cost for fiber construction
is approximately $95 per foot.?° Plan for 20% contingency, which makes total
baseline planning costs for fiber about $114 per foot or about $600K per mile.

20 Based on Magellan Advisors’ information about current market conditions in the region and state,
including local prevailing wages.
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Aerial or Overhead

Overhead deployment is around 15% to 20% of the baseline cost, assuming the cable
can be attached to existing poles.?' Poles must be inspected and engineered to make
sure that a new cable does not “blow” the pole. A blown pole means that the pole is
unsafe and has more weight on it than it can safely handle. If the engineering proves
the pole can support new cable placement on an existing strand, then placing a new
cable on an existing strand can be a desired method. Cost for aerial fiber is between
$40 and $60 a foot in favorable circumstances.

Boring/Directional Drilling

Direction drilling aka Boring, requires a large, 4'x4'x4’, hole to be dug, a machine uses
flexible rods that are drilled, and spun into the ground. The first rod has a beacon or
bore head that is used to keep track of the path and the position of a paddle attached
to the bore head with a new rod being screwed on every 10". The bore head has a flat
paddle that when it is being drilled or spun by the machine goes in a straight line to
direct the path. When the head stops spinning, and the paddle gets positioned in a
specific angle and pushed forces the paddle to push the rod in the direction needed
to guide the rods to the desired location. Most boring is done in 300-500" segments.
Locating the existing utilities is required and anytime the bore path crosses a utility,
that utility must be “potholed” and physically located to verify the boring will not
come into contact with the existing utility. Potholes slow the process of boring down,
especially when numerous potholes are necessary. Next to open trench, boring is the
most expensive construction method. Costs can range from the baseline amount to
as high as $250 per foot in dense, highly developed urban areas.

Microtrenching

Microtrenching is a method of creating a small trench approximately 2” wide and up
to 24" deep. It is approximately a quarter of the baseline cost. A machine with a
carbide tipped blade cuts through rock, asphalt, concrete, dirt, etc. to make the
trench. Then a conduit is placed in the bottom and the trench is then backfilled and
compressed. The top 2"-4" is capped with different sealants and substances to
protect the trench from accidental damage and prevent moisture from seeping into
the ground and causing other serious issues. While cities may be hesitant to use or
allow microtrenching due to the shallow depth of the conduit and risk of damage
from other excavation efforts including water emergencies as well as the poor

21 GO128 is the California code for attaching to utility poles, which specifies standards that must be
adhered to for the safe co-existence of electric and telecom assets.
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restoration that can occur, recent State of California regulations require it to be
accommodated.

Open Trench/ Joint Trench

Open trench is when a trench is dug into the ground with shovels, backhoes, skid
steers, or mini excavators. The width may vary, but the trench is usually 12" wide by
4' deep. Once the trench is “cut” conduit is placed in the bottom of the trench and
backfilled to cover the conduit. In most cases it is the most expensive method for
new construction. The high cost is due to cutting through asphalt, concrete, other
hardscape, labor cost, and restoration cost. This is a slow method that requires a
high number of man-hours. Joint trench is the same as open trench except there are
many participants from different telecom, power, and cable companies that all share
the expense of construction making it more cost-effective. Trenching can easily cost
$120 per foot to as much as $150 per foot.

Plowing

Plowing or vibratory plow is a method where a large machine drags a blade ranging
between 2'-4' deep in the ground and vibrates up and down to “cut” through the
ground. The blade is rounded but sharp on the leading edge and has a slot on the
back edge that conduit is fed through as the blade is moved forward. The conduit is
routed over the top of the machine into the slot on the backside of the blade and is
placed as the machine moves along only leaving a line where the blade had been.
The restoration is minimal, and this is a very effective method in open areas with
wide easements and minimal utilities in the ground. For these reasons, plowing costs
about half to three-quarters of the baseline, depending on existing infrastructure,
soil conditions, and other factors.

Rock Drill and Rock Wheel

Rock drills are like giant jack hammers, which make holes as small as 4" in solid stone.
Rock wheels use a carbide tipped saw blade that cuts through asphalt, concrete, dirt,
rock, etc. and just like microtrenching, and cuts a trench that is 6” wide and up to 36"
deep. Both rock drill and rock wheel are very expensive—two to three times baseline
cost—and slow methods of construction but when needed they are effective
methods for placing conduit.

Traffic Signal Interconnect

Traffic signal interconnect conduit systems are built to utilize copper cables and are
usually not able to accommodate fiber optic cables with the needed specifications.
Copper cable can be bent in hard 90-degree angles and wrapped very tightly inside
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of handholes resulting in small handholes and 90-degree elbows. Fiber cables consist
of strands of flexible glass that carry light from one end of the cable to the other. If
the strands are bent too tight the light cannot reach the other end. To use traffic
signals, conduits may need to be upgraded to accommodate fiber. The hard elbows
need to be changed to sweeps and handholes must be large enough to allow for the
static minimum bend radius of the new fiber. This construction method is more
expensive than overhead but cheaper than other underground construction
methods.

Equipment and Services

Beyond leasing dark fiber, use of network infrastructure involves offering services.
There are two general classes or types of services that can be provided over modern
network infrastructure. Access services are relatively inexpensive, “best effort”
services that do not include any solid performance guarantees. Generally, access
services are considered “retail broadband.” Transport services are “dedicated” services
that typically come with guaranteed bandwidth and uptime commitments, which are
referred to as service level agreements (SLAs). Transport services are variously referred
to as “backhaul,” “bulk IP,” “carrier-class,” “enterprise,” “long-haul,” “managed,”
“metro,” or “middle-mile” services depending on the context. Generally, they are used
by large organizations, including providers.

Access and transport services are complementary but involve different components
and costs as well as customers. As Vacaville is most likely to offer transport as part
of public sector connectivity business, we describe transport services infrastructure
first, followed by information about co-location, a related service. We include a
reasonably comprehensive consideration of access service infrastructure as Vacaville
may seek partners to offer those services using a portion of the City’s network.
Improved access services for the community would directly achieve key results for
this plan and address one or more of the City's strategic goals.

Transport Services

Transport services involve relatively few, stable but high-performance connections.
Users are major businesses and institutions, including network service providers. The
service is moving information from one point to another, rather than leasing an
asset, so the value comes from ensuring the information keeps moving. This requires
equipment that lights the fiber, maintains connections, and transmits data as
diagrammed in Figure 11. Some form of hand-off to other networks or services,
which requires additional equipment, is commonly a part of transport service.
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Figure 11. Transport networks interconnect sites and provide access to other networks,
which could include access networks

Networks typically have a core network composed of a few centralized core sites—
called central offices, data centers, or headends depending on type of ISP—
interconnected by fiber in a ring architecture. Core sites contain the most powerful
equipment to connect the local network to the global network. They must be secure,
with high reliability power, and preferably centrally located. At least one, ideally two,
sites must connect to high-capacity dedicated internet services, ideally via different
providers with fiber following separate routes, for bulk IP.

Transport customers typically have substantial network operations of their own that
incorporate transport services where needed, which requires next generation
technologies—specifically software-defined wide-area networks (SD-WAN) and
sophisticated management systems. Customers may require dual-homed
connections, which connect to the core site via two diverse routes, and redundant
connections to cloud services, tier 1 ISPs, and other service providers.

Transport service providers often co-locate in other companies’ data centers to
reduce costs. Access service providers generally prefer to own their core network
sites, known as “central offices” or “headend” facilities, and access infrastructure
called “pedestals” or “points of presence” (POP). This is changing somewhat with the
emergence of wholesale open access infrastructure. Interconnection sites between
different providers ranges from massive data centers to relatively small huts.
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The network equipment required to deliver broadband services to customers is
comprised of several functional groups and multiple components. All business
models require core equipment, which is very similar to what the City of Vacaville has
in place already for its wide-area network (see Figure 6). This must be supplemented
with various types of access equipment and infrastructure.

Core Equipment

The core equipment aggregates traffic from all access equipment, connecting
customers and routing their data to and from the IP edge equipment or other end-
point destinations. Standard network protocols provide link redundancy and
dynamic traffic re-routing in the event of an equipment failure or fiber cut. Core
equipment can easily support thousands of customers and hundreds of gigabits of
traffic throughput at deployment and will accommodate future system growth
through the addition of service modules, optical interfaces, and/or software licenses.

Internet Protocol Edge (IP Edge) Equipment

Separate from the core switches, the network must maintain an “internet perimeter.”
The internet perimeter will include internet routers and internet firewalls to be used
to manage routing throughout the network. Firewalls will be utilized to protect critical
back-office systems, including provisioning, network management, data storage, and
other information. The two core switches will be interconnected to two internet
routers providing redundancy for internet services in the event of a single interface
or equipment failure. As mentioned above, bulk IP should be acquired from at least
two providers using diverse paths, one of which should be a Tier 1 provider.

Estimated Costs

The estimated one-time capital costs for equipment and services to establish a
transport network for the City of Vacaville’s 51 sites,?? based on vendor-provided
pricing, would be about $530K as summarized in Table 6. The core network in this
scenario would consist of the City’s data center as the “central office” and a
secondary, backup site, which we assume would be an existing site. We assume that
each site would have a single router combining edge/core functionality, an
aggregation switch, cloud service/firewall appliance for security, Internet Protocol
services, and management software for server, network elements, and back-office
functions.

22 Based on information provided by the City of Vacaville as of June 10, 2022.
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Table 6. One-time capital costs for equipment to establish a transport network to meet
the City of Vacaville's internal connectivity requirements

Iltem Unit Cost Quantity Total
Core/Edge Routing $80,000 2 $160,000
Switching $7,500 2 $15,000
Software $15,000 2 $30,000
Security $50,000 2 $100,000
Management $30,000 2 $60,000
IP Services $5,000 2 $10,000
Spares $15,000 1 $15,000

$390,000
CPE $1,200 51 $61,200
$451,200
Pro Services $78,000 1 $78,000
Total Capital Cost $529,200

Estimated costs for the two core network sites’ equipment alone are $390K.
Expect professional services at approximately 20% of the total equipment
costs to be required. All the City’s sites would get 1 Gbps connections, scalable
to 10 Gbps. Each site requires customer premise equipment (CPE) that
terminates the transport network and provides an interface to the sites local
area network (LAN). We assume there are existing LAN equipment capable of
1 Gbps connections. Sites without connections or legacy equipment would
involve additional site-specific costs. Budget around $47K annually for
maintenance and other recurring equipment costs.

The central office would house core and edge equipment for ISPs serving customers
within the area. Other carriers could be co-located in these sites so circuits and traffic
could be connected and routed to the rest of the world. Equipment and facilities
requirements are reasonably modest—primarily separate, secure cages for
providers and major network users to place equipment, along with environmental
controls and clean, reliable power. We assume the central office would be the City’s
data center. Otherwise, plan to spend approximately $500K to build out a data
center, not including property acquisition or construction costs.

Access Services

The major difference between a local transport network and a fiber access network
is the addition of access and distribution infrastructure, including hubs and multi-site
terminals, illustrated in Figure 12. The core network delivers much the same
functionality to broadband distribution hubs—also called points-of-presence (POP)—
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as to transport service customer sites. The dedicated connections function as feeder
lines, which are also typically deployed in rings, between the core sites and
distribution hubs. The core and feeder networks and hubs comprise the “transport”
network. Access requires additional equipment that supports connections to many
customers.
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Figure 12. Passive Optical Network (PON) access infrastructure, including hubs and
terminals, provides gigabit speed access services

Feeder fiber connects optical line terminators (OLT) in the core sites to passive
splitters called fiber distribution hubs (FDHs), typically in outdoor cabinet enclosures
placed strategically throughout the service area. Splitters may also be located within
the access POP itself. In areas where aerial fiber deployment may be used, FDHs may
be placed aerially or transitioned from the aerial pole to a ground mounted FDH. As
this plan is limited to assessing major corridors as fiber routes, we assume coverage
is limited to customer premises within 500 feet of the backbone. This requires only a
single FDH.

The distribution network branches out from the FDHs. Multiple access lines drop off
the distribution lines—hence the term “fiber drops"—via drop terminals into
customer premises. Major sites can be directly and diversely connected to the core
sites via “laterals,” basically putting them on the feeder network. The backbone fiber
may be used for a distribution, feeder network, and/or laterals, as well as core
network. The particular use of specific fiber strands is a matter of how they are
spliced together and where they terminate. Indeed, a single fiber cable can
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accommodate multiple physically separate networks for purposes such as SCADA or
traffic signal interconnection.

Hubs may be powered cabinets, prefabricated shelters, or existing structures with
sufficient space for equipment racks and other components. Fiber in the routes
analyzed above could connect retail ISPs’ POPs anywhere in the City of Vacaville with
backhaul via diverse routes to multiple upstream service providers for maximum
fault protection. In practice, a distribution infrastructure can and should be built in a
phased manner in response to consumer demand and/or in conjunction with other
capital projects. For cost estimation, we assume:

e 3500 Customer Premises Served per Hub
e 50%2?3 Prospective Customer Take Rate

e 1,750 Total Subscribers (Drops) per Hub
e 0 Video Subscribers

e 1 Data Center

e 1:32 Split ratio

The size of the subscriber base impacts the types, quantity, and costs of central office
equipment. Core routing and edge routing are assumed to be separated due to
increased capacity required. An optical line terminal (OLT), which establishes
connections over access infrastructure to subscriber premises, is also required along
with equipment for each subscriber site. For estimating costs, we assume that each
customer requires a separate broadband/Wi-Fi router, enclosure, and interface
(optical network unit or ONU). Required professional services will be approximately
20% of total equipment costs. If additional FDHs were required beyond the central
office, plan to spend about $460K per remote hub to serve up to 2,250 subscribers.

Table 7. Capital costs for access services, including central office/core network
equipment and customer premises equipment

Role Unit Cost Quantity  Total
Edge Routing $80,000 2 $160,000
Core Routing $125,000 2 $250,000
Switching $7,500 2 $15,000
Access Network $50,000 2 $100,000
Software $10,000 1 $10,000
Security $30,000 2 $60,000

23 Take rate in the context is used to estimate costs only, not revenues, and is set to a level intended
to result in conservative cost estimates.
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Role Unit Cost Quantity  Total
Management $75,000 2 $150,000
IP Services $15,000 2 $30,000
Spares $25,000 1 $25,000

$800,000
ONU $275 1,750 $481,250
NID enclosure $50 1,750 $87,500
Residential Gateway $159 1,750 $278,250
RG Management $6,000 1 $6,000
$853,000
Pro Services $160,000 1 $160,000
$1,813,000

Software/Systems
Billing $50,000 1 $50,000
Subscriber/Provisioning $25,000 1 $25,000
$75,000
Total Capital Expenses $1,888,000

Feeder and Distribution Fiber

Feeder infrastructure that extends from the POPs to neighborhoods and business
districts typically requires only a few fibers, at most a single 24-strand buffer tube.
The backbone typically consists of 288-strand fiber therefore at least a hundred
strands would be available for use as distribution. The estimated costs are based on
feeder fibers are sized based on the demand forecast and sizing of each enclosure
to ensure that each service area is well equipped for broadband services. These
details are addressed in engineering design to get optimal coverage for the least
practical costs.

Each OLT serves 512 subscribers at a 1:32 split. The number of POPs and OLTs per
POP depends on the number subscribers. The cost includes OLT and backhaul
hardware necessary to connect each POP to the core routers. In an actual
design/implementation, each OLT would not need backhaul hardware, two line
cards, 16 optical interfaces, etc.

Distribution fiber extends from the splitters in the FDHs to network access points
(NAPs), or drop terminals, which connect individual fibers entering customers’
premises. NAPs may be attached to aerial strand, located in ground level pedestals
or placed in underground vaults or hand holes located near the sidewalk or curb in
residential neighborhoods or business districts. NAPs are costed as an integral
component of the distribution infrastructure estimates. Fiber distribution to NAPs
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will be sized based on the service area density to provide service to between 8-12
premises per NAP.

Fiber Service Drops

Fiber drops connect from each NAP to the customer premise equipment that delivers
broadband service. At the customer premise, the drop cable terminates in a
protective “clamshell” enclosure attached to a home or building for storage of slack
and connection to the home equipment. Drop fiber may be installed aerially or
underground, typically for a flat fee. Providers may charge additional drop costs for
special circumstances such as burying fiber through difficult landscapes or under
driveways. The average cost of a fiber drop in Magellan’s experience, including all
these components and labor, and recognizing that drops can vary greatly in
complexity and distance, is approximately $2,500.

Optical Network Terminal

An Optical Network Unit (ONU), sometimes called an Optical Network Terminal
(ONT), serves as the demarcation point between the retail ISP's fiber network and the
router or firewall connecting to the customer’s local area network (LAN). There are
two general methods for installing ONTs. The first method involves mounting an
outdoor rated ONT on an exterior wall of the structure and extending service wiring
inside the premise. The second method involves extending the fiber into the premise
and installing an indoor-rated ONU inside. In either case, the ONT is typically installed
somewhere near the fiber entrance and an AC power source. The ONT terminates
the fiber-based PON signals and provides customer access to their services through
traditional copper interfaces. XGS-PON ONT's supporting greater than 1 Gbps data
service may also support optical small form-factor pluggable (SFP) interfaces for
connection to enterprise-class LAN equipment.

Wireless Access Infrastructure

While the City of Vacaville would not deploy or operate radio access network or other
wireless infrastructure under the model in this study, it is important to consider this
infrastructure in the design to accommodate cellular and fixed wireless ISPs and
capitalize on the assets. Wireless broadband can operate as mobile or fixed service.
Although cellular connections can approach broadband speeds, mobile wireless
broadband is still in its infancy, as discussed below. Fixed wireless can be used to
connect remote locations or sparsely populated areas, where DSL or cable service
would not be economically feasible, via long-range directional microwave antennas.
As discussed below, most of these connections are built on proprietary technologies,
although they generally extend Wi-Fi and similar standards.
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Figure 13. Radio-based wireless services provide flexible connections but have limited
capacity and coverage

Coverage and speed are an intrinsic trade-off for wireless technologies. The farther
a signal travels, the less information it can carry. High frequency signals, which have
inherently high capacity, travel shorter distances than lower frequency signals (at the
same power level). Lower frequency signals cover terrain and penetrate physical
objects more effectively than high frequency signals. Spectrum in the lower
frequency ranges offer better non-line-of-sight solutions, whereas the higher
spectrum ranges need a more line-of-sight solution. Line-of-sight requires the
transmitting antenna to be able to “see” the receiving antenna with limited trees and
buildings in the way to be effective.

Terrain, then, plays an important role in the network design. Radio signals do not get
over mountains or hills very well, nor does certain spectrum do very well in
penetrating through buildings, foliage, or water, including rain and snow. The farther
away the transmitter and the receiver are from each other, the less bandwidth is
available. Transmitter sites need a means of connecting to the network, whether via
fiber or microwave, to another site where it then transitions to a wireline fiber
network. Fiber can be costly to install in remote locations. Electrical power, security
and access are also considerations when locating appropriate tower sites. A
propagation analysis to determine appropriate tower locations for City of Vacaville's
specific terrain would be part of a wireless high-level design to be conducted in the
future.
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Cellular Mobile Wireless

Mobile wireless connections operate from antennas on towers that create wireless
cells across a geographic area. Connectivity is maintained as devices move from
wireless cell to wireless cell. The base of each tower site is connected to other tower
sites and the internet, optimally via fiber-optic cables. Today, 4G transmits data at
around 12/5 Mbps.?* With each new generation, more wireless applications become
possible as more data can be carried across the airwaves.

5G networks operate multiple frequencies using millimeter wavelengths to offer
anticipated download/upload speeds of 1 Gbps. The networks are designed to
provide increased efficiencies while decreasing latency and to improve the
performance of connected devices that define the Internet of Things (loT), including
autonomous vehicles, healthcare monitoring technologies, ultra-high-definition
video, virtual reality, and many more applications ripe for development.

With limits in return on investment and physics, it is unlikely that 5G will be an all-
encompassing broadband solution. While the big three cellular providers have
nominally launched 5G nationwide, a mature 5G network will take time and
continued investment by carriers. The extent of full 5G rollout is to be determined,
but if the investments in current infrastructure are any indicator, mid-sized cities like
Vacaville are not the priority. Two keys to full 5G deployment are spectrum—all of
which is effectively owned by AT&T, T-Mobile, and Verizon—and vertical assets with
fiber connections.

Fixed Wireless

Fixed wireless services allow consumers to access the internet from a fixed point
while stationary, and typically requires an external antenna with direct line-of-sight
between the distant wireless transmitter and the customer building-mounted
receiver. Speeds are generally comparable to DSL and cable modem. These services
have been offered using both licensed spectrum and unlicensed devices. There are
numerous small ISPs using fixed wireless to serve remote, sparsely populated areas,
and several focused on more dense, urban areas.

Fixed wireless can be deployed as point-to-point (PtP) or point-to-multipoint (PtMP).
PtP involves a one-to-one relationship between antennas at different locations. It is
typically used for interconnecting sites, such as a headquarters or main buildings, to
a remote facility. Fiber has much greater capacity and is more reliable, so internet
service providers typically use this approach for connecting to customer locations
where they do not have wired infrastructure. End-users typically use it as a backup

24 several providers have announced they will discontinue 3G services in 2022.
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or secondary connection or for non-critical or remote sites. PtMP involves multiple—
even hundreds of—users’ antennas connecting to a single, central base station.

As illustrated in Figure 13, PtP and PtMP are complementary technologies. PtP can
be used to interconnect PtMP base stations as well as for remote sites (although fiber
is preferable due to its capacity and reliability). The networks require Line of Sight
(LOS) or near Line of Sight (nLOS) to operate. As implied by the term, fixed wireless
does not allow for mobile use. The systems utilize proprietary protocols and
specialized devices to achieve the long ranges and high throughputs. Different
vendors' products may not interoperate with each other.

Citizens’ Broadband Radio Service (CBRS)

The FCC set aside the 3550-3700 MHz (3.5 GHz) spectrum in 2015 under a new,
shared spectrum approach. There are three tiers of CBRS users, diagrammed in
Figure 14. Current, incumbent, tier 1 spectrum users, which include US military, fixed
satellite stations, and, for a limited time, wireless internet services providers (WISPs)
are protected from interference by other users. Ten Priority Access Licenses (PAL) for
10 MHz channels between 3550 and 3650 MHz in each county was auctioned off by
the FCCin July 2020. These licensees are protected from interference by other users
but may not interfere with incumbent users. A licensee may aggregate up to 4 PALs.
Any portion of the spectrum may be used without a license for General Authorized
Access (GAA), but this may not interfere with incumbent or PAL users.

3650 MHz 3700 MHz ’

Tier 3550 MHz ‘ 3600 MHz

Fixed Satellite Stations Incumbent Access
1. Protected from

interference by other

users 0
U.S. Military radar Incumbent Access

2. Licensed 10 MHz
channels; must not Priority Access License (PAL)
interfere with tier 1

3. Must not cause
interference; gets no
protection from
interference

Figure 14 CBRS User Tiers
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CBRS use is managed by a Spectrum Access System (SAS) with which all Citizen
Broadband Service Device (CBSD) base stations must be registered. There are two
classes of CBSD. Class A base stations, which can transmit at 1 watt of power, are
meant for smaller-scale indoor, enterprise, or campus use. Class B base stations can
transmit at 50 watts, giving them much greater range. Strategically placed radio
signal sensors will ensure that uses do not interfere with each other, particularly
military radar.

Another important characteristic of CBRS is the Long-Term Evolution (LTE) protocol
is commonly used with the spectrum. LTE is also used for 4G cellular data service, so
it is widely implemented in user equipment. CBRS involves different spectrum, but
some smartphones have antennas that operate in the CBRS bands. It is reasonably
easy and economical to add CBRS/LTE to devices without changing their operating
characteristics or systems. Therefore, there are few barriers to end user adoption.

The combination of CBRS/LTE in base stations and user equipment is a radio access
network (RAN). A RAN has a network core (an Evolved Packet Core or EPC) that
authenticates and authorizes user equipment and manages connections to multiple
base stations. This allows for mobile roaming from base station to base station
without loss of connectivity and makes RANs very secure. The downside of a
CBRS/LTE RAN is that some entity must operate EPC and the SAS. These are relatively
inexpensive services that can be purchased from vendors or operated on private
servers.

Low-Power Wide Area Networks (LPWAN)

Although not broadband, LPWAN technology should be considered in any network
infrastructure plans. It is generally used to connect many small devices over a large
geographic area. Water meter reading is a prime example of a LPWAN application.
These are message-based networks, meaning end devices send small packets of
information to an LPWAN gateway that then sends the data via a wired network to
monitoring or tracking software. Real-time control of the devices is very limited but
other, similar technologies exist that allow for remote control.

There are numerous standards for LPWAN with varying degrees of openness and
propriety. The proprietary technologies were first to develop and currently have the
largest installed bases. The open standards for LPWAN are still evolving. The major
open standards are extensions of other standards, specifically 5G and Wi-Fi. The
costs and flexibility of open standard based systems tend to be much better than
proprietary technologies, although proprietary technologies may perform better in
the short-term.
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Wi-Fi

Wi-Fi, which was originally termed “Wireless Fidelity,” is an open standard that was
developed to connect computers to a local area network (LAN) via unlicensed radio
spectrum (the same frequencies used for cordless phones, garage door openers, and
other non-network wireless devices). Generally, Wi-Fi is a PtMP technology: Wi-Fi
access points connect multiple devices within limited range, typically no more than
150 feet indoors and up to 1,500 feet outdoors. There are multiple standards or
versions of Wi-Fi. Some can provide up to 1 Gbps of throughput. Other new Wi-Fi
standards are intended to cover large areas with minimal power requirements.

Wi-Fi coverage and speed depends on multiple factors such as buildings, foliage, and
other physical barriers, interference from other spectrum users, radio spectrum
used, transmission power, type of antenna(s), and weather. New versions of the Wi-
Fi protocol operate at greater distances and/or speeds. It can be deployed PtP to
interconnect sites and is being adapted for LPWAN applications.

Wi-Fi access points are often integrated into routers that interconnect the Wi-Fi
network (also called a service set identifier or “SSID”) to other networks, including a
broadband connection to the internet. This is typically referred to as a “hotspot” or
Wi-Fi zone. Multiple access points can be interconnected to each other as well as a
router to cover a larger area. A WiFi network can even be extended over multiple
otherwise independent routers via a centralized server to create “community” Wi-Fi.
The latest version, Wi-Fi 6, improves these functions as well as expands the spectrum
and increases speeds for Wi-Fi connections.

Today, many organizations use Wi-Fi to provide wireless connectivity throughout a
building or campus. Many cities and counties have deployed public Wi-Fi in zones
that extend into parks, other public spaces, and even throughout the community. Wi-
Fi hotspots are common at hotels, restaurants, and public buildings for public access,
and are widely used in homes and businesses for private access. The conceptual
network is designed to accommodate Wi-Fi as well as other wireless technologies but
does not include them. While the City of Vacaville could potentially offer public Wi-Fi,
we assume any such equipment would be provided separately by the City of Vacaville
or other entity.

Radio Access Network model

The Radio Access Network (RAN) model, diagrammed in Figure 15, accommodates all
the above forms of wireless connectivity, and thereby maximize the number, types,
and value of wireless providers as customers. Under this model, the City of Vacaville
could lease co-location facilities, fiber backbone, poles, towers, and other assets to
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private companies to deploy and operate RANs. The particular type of RAN would
depend on the equipment providers deploy.

:(,‘ G@_g"L—(((,))‘ D

Wi- F| CBRS or Antenna
Router Fixed
Customer Premises Wireless

0;@ Radio %
Backhaul E Router

O RAN Cell %
% Other RAN cells

(2)
Co- Iocatlon A % % Fiber
Facility Backbone

Figure 15 The Radio Access Network (RAN) Model

Internet

The key issue for the City of Vacaville is how and whether to develop assets and
facilities to accommodate RANs. The conceptual network design incorporates poles,
but that doesn’'t mean they can be used for RAN infrastructure. Fiber must be
physically accessible at poles and towers to connect cells. Poles would need to be
assessed and possibly upgraded to support small cell infrastructure. Tower sites
would need secure, multi-tenant huts for providers to deploy their gear (these huts
may also serve as fiber hubs, depending on location). Providers may need the
backbone to route to their points-of-presence and will definitely need
interconnection to their regional/national networks.

RANs are much less costly than fiber networks.?> They are more flexible, too, but
have much less capacity and lower reliability. Mounting facilities can be the largest
cost for RAN because antennas need to be above the surrounding terrain. Aesthetics
is also an important issue because, as boxes on poles and towers, cell sites are not
particularly attractive. People want connectivity but may object to cell sites in their
neighborhood.

25 The active components of a RAN will need refreshed in 5 years at most. Historical trends suggest the costs of
those components can be expect to drop substantially in that time.
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Wireless Broadband Cost Estimates

For cost purposes, we assume that any wireless solution must qualify as broadband,
ideally meeting the State of California’s new standard of 100 Mbps download and 20
Mbps upload. CBRS is the best technology for economically meeting these criteria. A
CBRS cell with full coverage would have four sectors, each with an antenna and base
stations which may come as an integrated unit. Each cell requires a router with fiber
interface, power, and an equipment hut, which may be shared with other network
infrastructure such as a GPON POP. It also requires a tower, which would typically be
a 50 to 150 feet tall monopole but can be most any tower suitable for antenna
mounting.

Such a cell would accommodate 2,000 subscribers—500 subscribers per base
station—with 200 Mbps throughput per base station, divided among all users in that
sector. Users should generally get 50 Mbps to 100 Mbps throughput, depending on
the number of other simultaneous users. A CBRS cell would nominally provide 60
Mbps download at a 10-mile radius in “ideal” circumstances, including no foliage or
terrain. The practical range is around 3 miles.

Table 8. CBRS Radio Area Network Costs

Component Unit Cost Quantity Cost
Antenna, base station, installation,
wiring, and network management $12,500 4 $50,000
software license, per sector?®
159-fo.ot dlrec.t embed' monopole, $110,000 1 $110,000
shipping and installation
Equipment hut, generator/battery $65,000 1 $65,000
backup and AC
Router with fiber interface $1,000 1 $1,000
Construction, engineering, and project 150 $33.900

management services

Total per CBRS cell  $259,900

Each 4-sector cell requires four 65-degree, 4-port antennas and base stations, which
may come as an integrated unit, one per sector. Antennas are mounted on towers
and a hut is generally required for other network equipment. A router is required to

26 Based on Telrad equipment (see https://telrad.com/products/breezecompact-1000/). There are
multiple vendors of CBRS RAN equipment. Magellan Advisors does not endorse or recommend a
particular solution or vendor.

MAGELLAN BROADBAND, LLC SEPTEMBER 30, 2022


https://telrad.com/products/breezecompact-1000/

CITY OF VACAVILLE, CA BROADBAND MASTER PLAN PAGE 51

connect the cell to the fiber network for backhaul. Each customer premise will need
equipment that consists of an CBRS LTE antenna and base station with integrated
router and Wi-Fi access point. Installation cost is approximately $200 based on
Magellan's experience, and each customer initialization involves a $35 fee for EPC.
Each customer involves about $750 in capital expenses. There is also a monthly
recurring cost of $2.25 per customer.

ASSETS AND SITES

As discussed in detail above, optical fiber is the standard for high-capacity, high-
reliability network infrastructure. As assets, fiber cables must be placed either
overhead, attached to utility poles, or underground. While there are methods for
directly burying fiber cables, they are typically placed inside conduits. Splice points
are in “handhole” boxes or vaults at regular intervals. Underground fiber can be
economically deployed via joint-build with other infrastructure—water, sewer,
transportation, etc. Cabinets or huts may be needed for access and distribution
equipment. Fiber must physically route into buildings to be served; major buildings
may need dual, redundant connections.

Antenna and base stations for radio access networks (RAN) must be sited within
range of customers—from a few hundred feet to a couple miles depending on the
services, speeds, and technologies involved. The antenna must be installed
somewhat above ground, ideally with line of sight to most of the covered area. Base
stations must be adjacent to the antenna, ideally with fiber connection for backhaul.
This means buildings, poles, and towers can be valuable “vertical assets,” particularly
in more densely populated areas. Towers in more remote areas can be essential to
inexpensive broadband options.

Vacaville has numerous options for broadband assets and sites. Two of the most
prominent are its planned traffic management upgrades and streetlights. Several
existing city-owned tower sites are along the routes analyzed above (Figure 10.
Prospective fiber routes in the City of Vacaville). Sites in other parts of the city may
be of interest to cellular companies, especially if they have fiber connections.
Community anchor industry and institution sites, along with city sites can be seen as
targets for the network infrastructure. Development in greenfield commercial,
industrial, and residential areas can be conditioned to include network assets.

Two more general opportunities are with the Northeast Growth Area and Lagoon
Valley. As greenfield areas, network infrastructure—poles and towers as well as
conduit and fiber—can be very economically deployed as a condition of the
development. These conditions and associated standards can then be applied to

MAGELLAN BROADBAND, LLC SEPTEMBER 30, 2022



CITY OF VACAVILLE, CA BROADBAND MASTER PLAN PAGE 52

other areas, including redevelopment. Any road or other infrastructure
improvements in these areas could easily accommodate network assets.

There are many options for connecting city assets and facilities. Many city facilities
are along West Monte Vista Ave and Elmira Rd and in the downtown area—bounded
by Depot, Mason, and Merchant streets. Therefore, those corridors make for a good
starting point. Beyond this core area, general options are to encircle first then fill-in
or to extend outward and then add segments along the edges to create rings. These
options depend on demand and funding and should be done opportunistically. For
example, while there are relatively few city sites along East Monte Vista but
transportation funding for traffic signal interconnection along that corridor could
make it economical to extend fiber to Nut Tree Road and the airport.

Third party facilities also represent other options for Vacaville to develop broadband.
The state middle-mile network, Golden State Net, will follow Caltrans easements
along the freeways. Private companies have long-haul and middle-mile along Leisure
Town Road and the railroad east of town that apparently serve some major
enterprises in the freeway wye but that infrastructure doesn’t seem to terminate in
other local facilities. Areas around the airport, along Eubanks and Midway, in Lagoon
Valley, and, of course, the Northeast Employment Area are likely to facilities that need
high-capacity/high-reliability connections.

In some ways, the asset and sites options are the most straightforward: capitalize on
every asset and to connect as many sites as possible. But assets and sites can be very
complicated, especially due to the range of stakeholders involved. Coordination and
planning are essential. The assets will need to be actively promoted to ensure they
are fully used, so marketing and sales capabilities are also needed. Assets will not
just develop on their own.
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Recommendations

The City of Vacaville’s Strategic Plan for FY 2021 through 2026 doesn't mention
broadband or even networks, but implicitly requires network infrastructure and
services. This is common for local governments as connectivity hasn't traditionally
been a critical resource and it was easy to lease them from private providers. As
connectivity requirements increase, they also become more diverse and critical to
municipal operations, and it becomes more important to explicitly plan for and invest
in them.

NETWORK DEVELOPMENT STRATEGY

Use the layered model in Figure 8 to guide planning and implementation. Plan from
the top down and implement from the bottom up. The commonality between the
two—the literal touchstone—are the sites to be connected and the services they
require. Generally, start with backbone between core city sites and work outward from
there. This general approach has several practical and strategic implications. These are
encapsulated in the vision and strategic goals stated at the beginning of this report
and detailed below. Implementation of the recommendations will enable the City to
meet current and future broadband needs of its near-term and long-term initiatives.

1. Engage stakeholders to identify needs and
opportunities.

Stakeholders are anyone with an interest in the city, which includes residents as
community members but also businesses, county, regional, and state agencies,
institutions, and major industry. Equity is when people have access to and control
over resources comparable to others given preconditions. In concept, no one should
be arbitrarily excluded from economic opportunity and social institutions. The
corollary is that everyone should have ability and access to use the internet and other
digital technologies.

Stakeholder engagement, which directly addresses strategic goal #5, was initiated
with this planning process. It was necessarily focused and preliminary. Digital equity
implies common understanding and useful tools as well as network access.
Incorporate engaging activities into next steps, including implementation, that
directly empower residents, including businesses and other organizations, to make
full use of the technology. Diverse participation and practical outcomes come from
persistent practices, which benefit from strong partnerships. Work with community-
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based organizations to identify and serve disadvantaged persons, families, and
businesses, focused on empowering them.

Practically, this means providing public connectivity around and in sites connected
via the initial backbone then using this service to garner additional stakeholder input.
The implication is that the City of Vacaville must have means to provide access and
get input about needs and opportunities for getting and using additional
technologies. The most effective means is a Wi-Fi captive portal, a default web page
for a Wi-Fi network that any user is driven to for acceptable use policy and
authentication before being allowed access to the internet. It may be best to have
informational fliers, signage, workshops, and even pop-up booths to inform people
about the connectivity. These may be combined with an on-going survey or “tech
suggestion box.”

2. Provide connectivity to improve City services and
reduce costs for municipal operations.

Build a fiber backbone along major routes with access points at city sites, parks,
schools, streetlights, traffic signals, transit locations, utility assets, and other assets.
Enhance this infrastructure and add equipment to establish a carrier-class network
serving internal purposes. Layer on wireless technologies as appropriate, including
support for cellular 5G and fixed wireless broadband deployment as well as public
Wi-Fi, low-power wide-area network (LPWAN, generally for sensors and Internet of
Things (1oT)), and wireless distribution infrastructure.

The following general recommendations for prioritizing fiber routes are based on
potential impact in terms of City assets and locations of wireless infrastructure.
Evaluate city properties for use as distribution hubs and/or radio access network
sites. Consider constructing access infrastructure where needed for internal
purposes and of value to stakeholders, particularly network service providers.
Equipment and infrastructure technical requirements are addressed in the
“Infrastructure” section above and in attached appendices.

Route, phasing, and location recommendations

The basic concept for phasing development, illustrated in Figure 16, can be
summarized as “through, around, within, and beyond.” Start with a core east-west
fiber corridor through the city, including a ring around downtown and a section
extending along Merchant past City Hall. Develop a fiber ring around the city. Build
sub-rings within the city. Then extend fiber to the northeast and southwest, beyond
the populated portions of the city. The total cost for complete build out of all
corridors, without any cost saving tactics, would be between $21.7M and $34.7M.
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Fiber is the foundation for each phase but plan to develop wireless assets—
specifically, streetlight poles and public properties for RAN cells—for each phase.
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Figure 16. The general recommendations for backbone development would reach much
of Vacaville in the first three phases.

This general approach that can and should be adapted to circumstances. Actual
routes and sequence of development should be determined by strategic value. It
may not make sense to develop the entire length of some corridors, some “within”
routes may not be valuable, and “beyond” routes may be incorporated into broader
development plans. Segments of routes should be jointly built with other projects,
such as sewer upgrades for Alamo Dr at West Monte Vista. The state’s middle-mile
network, which is planned for the 1-505 and I-80 corridors may be integrated into,
extend, or substitute for some of these routes. Phasing should be based on demand,
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particularly from the City itself and among providers interested in investing in the
area and leasing city-owned assets.

Phase 1: East-West “Through” Corridor

Core backbone along the entire length of Elmira, Merchant, Monte Vista, and
downtown area streets (Depot, Dobbins, Main, and Mason), would be a total of 12.75
miles, cost approximately $6.4M to construct, and connect:

e Andrews Park

e City Hall, including data center (core site #1) and Police Department

e Current and future cell sites

e Fire Station 71

e Housing and Community Services

e Interconnection points with GSN (at I-80) and private fiber in the railroad
through Elmira

e Libraries and Performing Arts Theater

e McBride Senior Center

e Public Works Corporate Yard (core site #2)

e Skate Center

e Streetlights

o Traffic signals

e Vaca Pena Middle School

e Vacaville City Coach

e Vacaville High School Police Station

e Vacaville Social Services Center

e Vacaville Transit Plaza

e Water Utility Central Office, pump stations (3), and wells (4)

Phase 2: Ring Around Vacaville

A backbone along Alamo, East Monte Vista, Leisure Town, North Orchard, and Vaca
Valley would encircle most of the city with over 19 miles of fiber for approximately
$9.6M and connect:

e Current and future cell sites

e Fire Station 74 and 73

e GSN and private fiber at additional points

e Laterals to Police Stations at schools: Jepsen Middle, Hemlock Elementary,
North Orchard Elementary

e Mariposa Head Start Center

e Nut Tree Airport; airport “campus” fiber
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o Streetlights

e Three Oaks Community Center

e Traffic signals

o Water Utility lift/pump stations and wells

Phase 3: Sub-rings Within the City

Fiber routes along Alison, Brown, Browns Valley, Marshall, Nut Tree, Peabody, and
Ulatis would create multiple sub-rings, consisting of over 15 route miles, costing
approximately $7.7M to construct, and providing more flexible, resilient
connectivity options as well as extending high-capacity infrastructure into
Vacaville’s neighborhoods for:

e Current and future cell sites

e Educational Service Center

e Incorporating GSN along I-505 and 1-80 and additional options for private
fiber connections

e Laterals to Police Stations at schools: Jepsen Middle, Hemlock Elementary,
Markham Elementary, North Orchard Elementary

e Outlets Police Stations

e Streetlights

o Traffic signals

e Ulatis Community Center

e Vacaville Regional Transportation Center

Phase 4: Extending Beyond the Core

An extended ring along Eubanks, Midway, and North Village could incorporate
stretches of GSN fiber to create additional sub-rings in the Northeast Employment
Area and reach Lagoon Valley. These corridors are a total of 7.5 miles, which would
cost approximately $3.7M to construct and connect:

e Current and future cell sites

e Development agreements to include fiber and wireless facilities
e Streetlights

e Traffic signals

Extension into Lagoon Valley could make use of GSN or extend into areas beyond
city boundaries, which would require collaboration with Solano County,
neighboring cities, service provider companies, and others. While all phases would
benefit from development agreements that include fiber and wireless facilities, this
phase would be especially appropriate for those tactics.
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These are initial estimates for the entire length of the corridor. Costs can be greatly
reduced by focusing development to specific portions of the corridor and via joint
build with partners and other projects. Of course, any extension would add
significantly to the costs. Recruiting private companies to lease or otherwise use the
City's infrastructure to offer network services will greatly increase the impacts while
reducing direct costs to the City.

Broadband is intertwined with economic development. A fundamental challenge
with broadband and other network infrastructure and services is capital investment.
Economic development is essentially about attracting business investment.
Networks are a variation on this theme particularly when strategy involves public
investment as a catalyst for private investment. Indeed, you can approach
broadband development in much the same way as you approach development of
business district, a downtown area, or industrial park. The goal is to attract multiple
companies that will create solid, good paying jobs and provide valuable services in
the community.

The assets are very different but complementary: commercial centers, downtowns,
and industrial parks need broadband, cellular, and other network services. Network
services companies need facilities to operate. And providers want to literally connect
with as many prospective customers as possible. All this directly impacts local
government operations and strategy, and public interest more broadly. The digital
divide is a result of lack of investment in areas that are relatively costly to serve and
with low-income households. Thus, attracting private investment for strategic goals
and to targeted areas can and should be part of economic development practice.

Planning and Policies

It is essential to have policies and procedures in place to encourage and expedite
broadband development. Development conditioning, “Dig Once,” master license
agreements, etc., should be clear and, ideally, aligned with county policies and those
of neighboring cities. Planning and permitting should include network infrastructure
as a matter of course. All capital improvements, other projects, and programs should
be reviewed for opportunities to improve connectivity. Establish a fund for covering
the marginal cost of such additions. Work as closely with providers as possible, track
their activities and assets, and inform them about public priorities and issues, such
as under-served areas.
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3. Use network features—capacity, cost, resilience,
etc.—to attract business investment in targeted
sectors.

Modern enterprises require advanced connectivity—highly reliable, high-capacity
network services that can be flexibly deployed and managed. Fiber to a site is
essential for most expansions and relocations, second only to workforce. Major
enterprises require physically diverse connections from multiple providers. Cellular
can be critical to business operations as well, particularly those with field workers
and fleet assets. Some businesses are establishing their own cellular networks using
CBRS spectrum or by leasing capacity from cellular companies. This requires
additional investment the City might leverage or share with business to benefit the
community. Network infrastructure can be an important differentiator for attracting
these companies, which tend to be in advanced manufacturing, distribution and
logistics, health and medical, tech, and transportation sectors.

This tactic flows directly from the previous. The challenge is that most telecom
companies are market takers rather than market makers, so they only want to invest
where there is evident, strong demand. Thus, public investment may be required to
develop both the demand and supply side of the market. The other challenge is for
public agencies is to capitalize on infrastructure. While economic multiplier and
ripple effects are great, they don't directly create public revenue. The way to recoup
public investment is to rent assets to providers. Another tactic is to take a share of
revenue from providers. Generally, getting providers to expand offerings is specific
areas, particularly if it makes a difference for targeted industry prospects, may be
adequate return on public investment. This outcome, which directly relates to
strategic goals #2 and #3, may require direct local public investment.

4. Leverage the network for public safety and security,
supporting first responders, and improving
community preparedness.

A wide range of public safety functions depend on various types of connectivity. First
responders require cellular service for data and voice, as well as secure “push-to-talk”
land mobile radio. Too often, such services are weakest where they are needed most:
in isolated, remote areas or inside large buildings. Mobile connectivity enables public
safety preparation and response. Not only do fire fighters, medics, and police need
information to respond effectively to incidents, they generate a great deal of data,
some of which must be shared in real-time to be of the most value.
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The City of Vacaville and its residents have a range of systems that directly enable
public safety. Public and private surveillance cameras may be the most prominent
example. Many buildings have access control systems and alarm system that directly
impact first responders. Floorplans, evacuation routes, and information about
hazardous materials are required for effective preparation and response. Utility
locations and shutoff instructions can be a matter of life and death. For public safety
personnel should have flexible, ready, secure access to such systems, first
responders must have access. Businesses, institutions, and residents must have
access, too, to make these systems available.

BENEFITS, COSTS, AND GOALS

An initiative to provide public broadband access could mean lower costs and more
options for Vacaville residents. The core issue is exactly what “public” means. It could
mean “owned by the City government for operational purposes.” Or it could mean
“free broadband for everyone.” Regardless, broadband access involves costs, which
must be covered or justified somehow. The key to balancing costs with benefits is
clear goals. Vacaville's strategic goals easily translate into broadband development
goals, as we just detailed.

Under this approach, the greatest benefits will accrue from the City connecting its
assets and sites Specifically, such connectivity will avoid and reduce recurring costs
for the City and will enable it to operate more efficiently and effectively. While most
of these benefits result from systems deployed over the network, they are enabled
by the network. For example, reduced power costs for streetlights and reduced traffic
congestion depend on totally separate systems, both of which require network
connections.

Many more benefits may flow from opening the network to private uses. Beyond the
management and policy challenges inherent in putting multiple uses by multiple
parties in a facility, private companies can offer a range of services—enterprise
network, managed services, security, streaming media, telehealth, etc.—as well as
generating revenue. Of course, this requires staff, which means additional costs, as
described in the “Staffing and Systems” subsection, above. The City must consider
the trade-off between providing connectivity directly to local businesses and
institutions, which involves greater costs, and simply allowing one or more network
services companies to manage and market such services.
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Table 9. Each line of business possible with network infrastructure has distinct benefits
(“pros) and costs (“cons”)

Line of Business Benefits/Pros Costs/Cons

Asset Leasing

Transport Services
(Wholesale)

Wired Access
Services (Retail)

Wireless Access
Services (Retail)

Minimal overhead
No equipment costs

Could resultin

additional investment

by network services
companies

Competitive option for

local business and
institutions

Revenue could cover
network costs,
depending on
customers and
services

Could resultin

revenue from network

services companies

Relatively high
margins, presuming
strong take-rate and
low churn

Very high-speed
services

Relatively low capital
and operating
expenses

Flexible deployment

MAGELLAN BROADBAND, LLC

Lowest revenue
Responsible for break-fix

May result in stranded,
under-utilized assets

Must guarantee response
time and service levels

Substantial overhead from
dedicated staff

Significant increase in
equipment requirements

Some competition with
existing providers

Very high capital and
operating expenses

Major staffing
requirements and large
overhead costs

Direct competition with
existing providers

Substantial staffing
requirements and
overhead costs; must
manage customers

May have capacity/speed
and coverage limitations
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Line of Business Benefits/Pros Costs/Cons
e Indirect competition with
existing providers

Our recommendations is to focus Vacaville’'s public broadband access initiative on
key locations such as the downtown area, parks, community centers, sports facilities,
and other City facilities. Use fiber as the backbone, Wi-Fi as the primary access
technology, and CBRS RAN for intermediate distribution (between fiber and Wi-Fi,
where needed). This will give Vacaville a great deal of flexibility in deploying “smart”
assets, including hotspots, kiosks, sensors, variable message signs, etc., and could be
upgraded to handle moveable or even mobile connections.

Deploy the fiber first where it can connect the most assets, including sites for wireless
infrastructure. Establish clear standards and practices for deploying and managing
fiber—including joint builds—to ensure it is consistent and adequate for carrier
services. Plan the CBRS to accommodate other private wireless networks—
education, healthcare, other anchor institutions—as well as other wireless network
infrastructure (e.g., any poles and towers should be able to support cellular
infrastructure).

Establish fiber-based transport services for internal purposes and provide to other
organizations on a case-by-case basis. Establish a wholesale pricing framework for
community anchors/non-profits, economic development, and network service
providers. We do not recommend the City provide retail broadband. Consider
outsourcing development and management of the CBRS network to a third party,
which might also use it for retail services. Work with community-based organizations
to deploy access via fiber or CBRS to key locations for underserved communities.

MAGELLAN BROADBAND, LLC SEPTEMBER 30, 2022



