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Executive Summary

Background -

The township of Edison, NJ is home to ane than 100,000 residents within its 32 squaremile border.

(TT A O 4ET1TAOG '1 O6A %AEOI 18680 1 AAT OAOT OU OAODPI T OEA
1879 the township has a longstanding history of benchmarking technologicalinnovation. Physical

location, population density, premiere educational institutions , and an abundance ofocally sourced

skilled labor make the Township of Edison ideal forboth residential and commercial development

However, barriers to growth and community developmentare currently limited by minimal private

sector investment attempting to recoup previous capital investment in failing technology and
infrastructure in lieu of replacement.

Given the status of this failing infrastructure the current administration sought to evaluate the
possibility of advandng their communities access tdeading technologyby ensuring the equitable
access to modern broadbanéhfrastructure and servicesfor all Edisonresidents, public schools, public
services, and businesses for which it sees.

Following the onset of Covidl9 current network infrastructure deficiencies were highlighted

nationwide resulting in inconsistent service, speed, and reliability.! 1 OET OCE OEA OAOI ¢
OAT 1T OAd AT A OOEOOOAT Al AOOOIid timé, lodybdidkd ths ediddntid OOOA A
American households haverended to increasing their affection for modern electronicsalong with the

services and convenienc&ith which they provide to our lifestyle.

Exponential growth and advancementin electronics manufacturing accompanied withrising global
demand for theseconsumer level devices created a revolving inventory surplus of generational
electronics and more equitable access todevices for American households Unfortunately, the
performance of these devies, both independently, and collectively, are dependent uponthe amount
of network bandwidth availableto download/upload datawith which it is connected.

The Township of Edisonproactively sought out this study to determine the financial feasibility of
public investment into capital communications infrastructure within its community. Although the

primary focus of thisstudy will be to provide the feasibility assessment otostand revenue estimates
for both capital and operationalexpensesequired to deploy a FTTH network, a multitude of ancillary

community benefits and additional revenue generatig opportunities exist through readily available
fiber infrastructure. The benefits of municipally/community owned infrastructure cannot be
understated considering the current and future social demand for integrated intelligence and
equipment for all public services.



Project Mission Statement

Community Broadband Initiative

Matrix Design Group has been commissioned to conduct this market study to further examireasgible
options for technologydeploymentbestsuitedtoOE A AT | | O téd@haeddutu@ hehdralons.
The basis of thigesearch was to adequatelpssess and collegbublic interestsfor a community-based
infrastructur e intended to support equitable access tobroadband connections for residents,
businesses, and municipal governmentldentifying modern communications infrastructure types,
costs,and compatibility with equipment for all potential community benefit projects adding valued
engineeringto mitigate potential risks associated withnetwork construction and operations Sample
sizes for this study consist of7 unique Node models whereas areas of localized neighborhood
conditions residing within the Township of Edison were reviewed and analyzed for technical
feasibility and assessment of the requirechetwork architecture, construction methods, available
right-of-way inventory and servicedistribution connections.

Community Interest & Opinion Survey

The Township of Edison conducted a
sample survey of residents for both Local Broadband Primary
guantitative and qualtative __anaAIysis‘ Use

purposes intendedto assesshe4 | x| OE

O A OE AlBchl GriarRet use, satisfaction, m Working from

Home
interest, pricing, priority , reliability, and m Business (Brick &
customer loyalty for their current Mo
] ) ) m Business (e-
broadband senice provider. During a 35- commerce)

day period between Junel8, 2022, and July ® Educational

23, 2022, the Township of Edison
conducted an online broadband survey
with which a total of 309 submissions
from community respondents were
received.

H Streaming

= Gaming

With the onset of Covid-19 forcing employeesto work from home along with social distancing
practicesand costly retrofitting of commercial spaces forFederal/State/Local compliance forcedboth
employeesand employersto make swift adjustmentsand accommodations tahe workforce in order
to balance conflicts between professional and persond responsibilities during life lived within a
pandemic. Responsibilities and schedulesdeveloped during this timefor everyday life have shifted
conventional operational approachesfor most employers wishing to retain and/or attract white-
collar positions.



In support of this growing trend, the Township of EdisonE AA @t b 1T £ OAOPI 1T AAT OO
(11T A6 AO OEAHéveB@BEW shavs additddal support for the4 T x T O BoEabnéedl

for appropriate bandwidth in scale with the surrounding areaillustrat ing a significanty larger margin
(+16.5%) of educated labor forcelocally when compared to thesurrounding areas.

TableA (Census Sample)

South Plainfield Edison township,

. Fords CDP, New Perth Amboy Middlesex New Brunswick
IA" Topics n‘ Q Jersey B Q city, New Jersey B Q 50"“"9"' e B Q County, New B Q city, New Jersey =
ersey Jersey
0 Population Estimates, July 1 2021, (V2021) & % &y 55391 & 24243 & 107,626 £ 55,708
Population Characteristics
0 veterans, 2016-2020 253 87 @28 2,552 558
0 Foreign born persons, percent, 2016-2020 20.2% 43.9% 21.5% 45 0% 31.3%
Housing
0 Housing units, July 1, 2021, (V2021) X X X X X
[ ] Crwner-pceupied housing unit rate, 2018-2020 T2 4% A0 5% 86.2% 681.6% 10.5%
0 Median value of owner-gccupied housing units, 2018-2020 2316, 400 270,500 £352 200 3302 200 $267,200
0 Median zelected maonthly cwner costs -with 3 merigage, 22434 22210 2388 32,687 31,245
2018-2020
19 Median ssiected monthly cwner costs -without a mortgage,
5015.2020 51,145 51,019 3045 §1,160 3834
0 Median gross rent, 2016-2020 81,630 §1,287 $1,675 $1,587 31,524
0 Building permits, 2021 X X X X X
Families & Living Arrangements
0 Households, 2016-2020 4,245 16,527 2,188 34010 15,548
0 Persans per househedd, 2016-2020 285 308 2.8 280 3.03
@ Living in same house 1 year ago, percent of persans age 1 -
year+, 2018-2020 87.8% 91.8% 80.5% 83.1% 80.1%
@ Language other than English spoken at hame, parcent of - -
parscns age 5 yesrst, 2016-2020 44 6% 20.8% 23.6% 57.2% 53.2%
Computer and Internet Use
ﬂ Househalds with a computer, parcent, 2015-2020 901.9% 89 5% 84.3% 84 55 82.3%
0 Househoids with f broadband Intemet subscnption, 2255 5505 00.5% on 2% 7
percent, 2018-2020
Education
10 High schoal graduate or higher, percent of persons age 25 = =
years+, 2016-2020 80.0% 71.3% 92.7% 92.0% 54.8%
10 Bachelor's degree or higher, percant of persons age 25 2545 1535 23.0% 5545 2105

years+, 2016-2020


https://www.census.gov/quickfacts/fact/table/fordscdpnewjersey,perthamboycitynewjersey,southplainfieldboroughnewjersey,edisontownshipmiddlesexcountynewjersey,newbrunswickcitynewjersey/PST045221
















Community Interest Survey -Elected Services

Current market share for residential services
of respondentsindicates an overwhelmingly Current PrOVider Mal’ket
monopolized market share of broadband

servicesaccording to the study.For the basis Share
of this studiesd benchmarking, the current
pricing for internet servicesfrom the primary
provider were used to extrapolate average

costs for additional serviceshouseholds often = Optimum
combined with broadband locally. m Verizon
m Other

Survey participants were asked what speed
they currently subscribed to with their
current ISP.Initially presented as an optional
field within the survey parameters between
June8th, 2022,and June 14h, 2022 All 1350 participants during this time elected to leave this
category blank; therefore, the field requirement was changed to betterunderstand the current
distribution of service speeds throughout the community The survey format was amendedto make
this field mandatory for submissionand subsequently obtainedl749 submissions within this dataset
Initial indications show the 300 Mbps data package offering as the most popular choice coming in at
38% of responsesHowever, it would be prudent to acknowledge thatalthough the 100 Mbps package
only ascertained 21% of responsesit is

possible this category is much larger. What Speed to you
O51 ET |spdeds consisted 0f21% of .
responses indicaing that the participant was current subscribe to?

unaware to what service speedwith which
they were subscribing.Upon further review
I £ OEA O51TETT x186 OAOG
of the total 365 swmissions within this
category, 238 subscribeto Cable TV services

u)

. . ) m 300 Mbps
compiling of 65% of this group. A possible
explanation asto why Cable TV servicenas =500 Mbps
such a large market sharewithin this group 1 Gbps
m Unknown

would categorize these respondentd G EQC
broadband uses and would most likely fall

within the 100 Mbps data packageAdding

this category to the100 Mbps group brings
the collective total to 42% andbeats the 300
Mbps category by anarrow margin.

The distribution percentage ofservice speed from this survg when compared withnon-introductory
deals or promotions ofservice pricing from Optimum as the primary area providerwould be used in
the development of the financial feasibility analysis modebetermining the study benchmark for


https://www.optimum.net/pricing-packages?_ga=2.40090530.1835535073.1659014898-1954823643.1658763561















https://www.fcc.gov/consumers/guides/broadband-speed-guide










that is available in verylimited areas.It has significant potential becausepower lines are installed
virtually everywhere, alleviating the need to build new broadband facilities for every customer.
However, at the time of this study there is no current equipment capable of providing the symmetrical
speeds and bandwidthnecessary to compete with either coabaseal systems or fiberbased systems.

SEAAOZOI ZROBR Z (1

Fiber optic technology converts electrical signals carrying data to light and sendsthe lightthrough
transparent glass fibers about the diameter of a hman hair. Fiber transmits data atspeeds &r
exceeding current DSL or cable modem speeds, typically by hundreds of Mbps wstime providers
offering 1Gbps symmetrical service capacity.

The actual speedyou experience will vary depending on a variety of factors, such as how closeo

your computer the service provider brings the fiber and how the service provider configureshe

service, including the amount of bandwidth utilized. The same fiber providing your broadband

services can also simultasously deliver voice (VolP) and video services, includiC OEAAT z1 1 ZAAT .
/ over the top.

001 OEA aEEAA@mAI 1 OE
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outside, or to alocation somewherebetweenthe D O1T OE

FTTHnetworks canbe configured and operatedin severaldifferent ways.All configurations pose their
own inherent challenges in defining which party is responsible for the operational oversight, installation
costs,maintenance, and repair. Some dhe high-level examplesinclude:

Sngle Service Provider a single service provider in a closednetwork environment would assume all
the associated costs to build and operate the network.

OSP Physical handoffAs an open accessdark fiber configuration where, competing providers can

lease fiber and placetheir own optical/electronics to complete the service. In the physical handoff
model the costs for construction of the Hub/Distribution facility, physical distribution network(s), as

well as the maintenance and repair costs of physicaktwork would be the responsibility of the dark

fiber owner. The service provider would be responsible for the optical/electronics in the
Hub/Distribution facility and end user electronics.

Electronic handoff As an open accessdark fiber configuration where the network owner provides

the optical/electronics for competing service providers to patch their backhaul service to the
optical/electronics andthen leasesthe dark fiber distribution network to competing providers. In the

service handoff model he competing providers are responsiblefor signal backhaul presence and

customer equipment. IT management, equipment compatibility and operational cost considerations

require clearly defined contractual agreements in this model and are well suited for laeg scale FTTH

projects where the inital OT OAT 1T Of AAO T £ OAOOEAAOG AAT 0OO0ODBDI ¢
investment. Additionally, identification and estimation of costs are inherently difficult to calculate

increasing the risk assessment of the model.

Software handff- As a Software Defined Network, where competing providers interconnect with the
electronics at the physical network handoff. Users select their provider in a virtual manner; however,
end user electronics as well as provider equipment mugie compatible All associated construction,
operation, and maintenance costs would be the responsibility of the physical plant owne



Technical Feasibility

Accounting for the projectmission in developing a community widebroadband solution having the
capabilities to facilitate the delivery of communications through several technology platforms The
infrastructure would require fiber optic cable as themedium for all signal transport to equipment
demarcation points. Estimations of theinfrastructur e scale given Edison Townshipd physical area
would require roughly (a) 400 Miles of fiber optic cabling, (b) two diverse backhaul circuits, and (c)
two Central Office locations. Backhaul network transport should be appropriately sized to handle the
entire network with each circuit so should a failure occur downtime and latency would be minimized
for the network subscribers.

Consideration for the Township of Edison to selperform the construction of a fiber network at the
scale, production, and technicaduality compared with contracting outside labor could be considered
technically feasible but not practical or financially feasible. Fiber optic cable installation, splicing,
testing, and IT related networking resources should be sourced from local markebistractors capable
of providing the production rates, specialized equipment, and skilled personnel required to capture
and maintain the required market share from eager and willing residents searching for alternative
broadband. Following the largescale castruction of the network the operations staff would assume
the responsibilities for fiber records, maintenance, repair, churn, and new installations at a much
smaller scale and is technically feasible by this studies determination.

Area Metrics
Category Quantity Assumptions & Notes
Road Miles 34 No private roads were included as part of this study.
Fiber Miles 4082 Approximately 30% additional fiber required for slack, splice and sagging along with non linear transitions
Population 107588 Sixth most populous municipality in New Jersey according to Wikipedia
Potential Subscribers 47061 Rounded Total number of Households, Additional Consideration for financial analysis of Commercial use required.
Aerial Facilities (Miles) 219.46 Majority of Infrastructure miles throughout the Township.
UG Facilities (Miles) 3454 Sample Area Distribution Shows highly localized areas of developments with UG facilities

Utility Poles & Make Ready

This study is based on constructing a fiber to the network (FTTx), and as such, the onlyertical
infrastructure in need of consideration is the existing utility poles.Aerial construction remains the
most costeffective method to deliver communicdéions infrastructure and should be the preferred
method of construction.

4EA AOAOACA AT 00 OiF bDPAOA&EI Oi 1 AEAZOAAAU j OEA bDOT .
clearance) on utility poles in the TriState area averageange between$792-$1056 per pole. This

equatesto approximately $31,680 per mile assuming 30-40 poles per mile. Pole replacements can

be expected to costoughly $3,000 on averageand will be required where the existing poles do not

provide the adequate structural integrity and/or clearance (heighy) required for the pole to remain

compliant with the NESC (National Electrical Safety Code), OSHA 1910.268 & 1910.269 Standards, and

any other local compliance orders.



The general condition of utility poles in the Township would be rated a® /£A E O s of dverad A O
condition; however, the overall pole height and clearance between conductors and required road

height clearance as defined within the NESC would most likely call for pole replacements along the

AOAAOG 1 £ OI Ewithi® ér leadind # x
smaller neighborhoods. Alternatively, most pole
class/heights observed were found suitable for
Al AAOAT AA A1 111 xE1l (; i ASPHALT OVERLAY {IF REQUIRED)

(VARIES PER PERMIT REQUIREMENT)

ASPHALT/PAVEMENT CROSS SECTION

247 MR,

It should be noted that conventional methods of

— 4" A

using conductive steel messenger for support of S . V| A SRS Vi

the fiber optic cable infrastructure was used in \-., LN

determining the general conditions and T EELE D CALE
corresponding estimated cost values of this study. B MARRER TR
However, alternative material selection and “CovEn = s
installation specialization exist to deliver fiber - _4l

optic cable when a limitedclearance to caductors : 57 MIN

is present. This material known as All Dielectric Y o }

Self Support (ADSS) fiber cable may be beneficie T SLEe ackALL
to use in these areas to reduce thirgharty make PP
ready costs required for clearance. ImLicaTe wiRe

1—480T PG

Underground Construction

Sample analytics showthe network footprint consisting of 8% Aerial and 11% Underground

facilities. Recommended methods and procedures for installation of conduit facilities can be
substantially varied due to a variety of conditions; however, for estimation purposes convential

trenching t(UPEAAT Q OEI x1 AAlI T x xAO OOAA AI O Oxi 0006 A/
AT T OAOOAOEOA APDPOI AAE xEEI A DPOI OEAET ¢ AAAEOQOEI T AI
available.Modern methods have been developed for less costly, invasivand safer praedures such

as micro-trenching, vibratory plow, chain trenching, and vacuum excavation; however, as most

roadways found throughout Edison are asphalt covered this study assumes miet@nching and

vacuum excavation as the only significansavings solutiors for this area where conditions are

favorable for their deployment.

Additionally, it would be prudent for The Township to document and audit a collective list of shared

assets held by other municipal departments such as DPW, Building Iresytor, traffic control, public
OAEAOUR AOA8 O T AOCAERAD*OARDEADEAQCBEBAOCEKAUOAEOUI
potential to share existing conduit routes and handoffs that may reduce the cost of capital
infrastructure within the Township .

The conventioral trenching typical sample cross section below illustrates the larger footprint of
disturbance to the existing rightof-way. Although previous communications technologies required
larger diameter conduit to house communications cables, medn improvementsin materials used in
fiber optics and manufacturing processes can now provide the market with substantially larger fiber
strand counts in micro-ribbon configurations requiring a much smaller conduit.

Value engineering from deploying thismethod of constuction can be maximized by including
communications conduit in the design of public improvement projects throughout municipal



departments. Additionally, lease agreements for other conduit occupancy & access agreements with
both communications carriers andelectric service providers alike should remain priority to reduce
overall capital costs. Additionally, electric service partnerships for smart metering/charging, SCADA
systems and other monitoring systems can utilize the fiber infrastructug of the municipality.

Alternative methods of underground conduit installation (shown right) illustrate the impact of having
1 AOO AEOOOOAAT A I £/ OEA AQGEOOEI ¢ OOOZEAAA AOAA
equipment available to the narket today. Addtionally, this method is faster to install per foot and in
most cases requires less traffic control costs. Of the TRENCH PLACEMENT CONDUIT(S),

existing methods to install conduit in finished road HDPE(S) OR DIRECT BURIED CABLE
surfaces micro trenching is the preferred deployment '

by most Tier 1 provders throughout the Northeast.

p>)
(et

Highly specialized equipment is required to perform 1 A
micro trenching and in consideration of total capital

expenditures for equipment required for this project it 387 My
is assumed this work would be performed by outside : B NOMEER OF
telecommunications contracors specializing in this HOFE'S. A3 SPECIFIED
method. With market conditions calling for broadband T CHNEHIL A% EPECIED
throughout the country these resources are most likely

being utilized at their capacity and should be plannedB4cknw must se waoe L

well in advance.

=
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Construction Benchmarking

Construction Metrics
Category Rate Additional Assumptions
Aerial Line Construction 2500 Day x # of 3 Man CrewsCommunications space strand & lash
Backbone Splicing < 144 Count 5perDay Ribbon, Inc. Testing Time
Backbone Splicing > 144 to 288 Count .33 per Day Ribbon, Inc. Testing Time
Service Terminal Splicing < 12 Count 4 perDay Pigtailed Factory Preterminated Ports & Express Cut 1 Buffer, Inc. Testing Time
UG Conventional Trenching 75-125 Day/Crew Variable based onlocalized conditions
Micro Trenching 300-500' Day/Crew Variable based on localized conditions
Single Structure Drop Installation 8Day/Crew x#Crews  OSP to Customer Demarcation point-Exterior-Traffic Control Maximized for Construction to (1) Service Terminal/D
Single Structure CPE Installation 4Day Per Individual Installer
Multi Tenented Unit 3Man Crew x 1 Day Assume 12 Units/Structure with common utiity points on Average
Multi Tenented Unit CPE Installation 4iDay Per Individual Installer

Inventories of Existin g Infrastructure

Edison residents and businesses have limited access to internet providers and only have two options

I £#EAOET ¢ A AOT AAAAT A AT11AAOEI T8 4EA )3080 j)Ii0OAO
(Altice) and Verizon This information canAA &£l 01 A OEOI OCE 1 01 OEPI A OEOA
respective main web page. As such, Matrix audited the availability of all fiber optic cable, coaxial cable

and DSL broadband connection offerings.



Optimum (Altice)

The mainprovider to Edison residents and businesses is Optimum (Altice) and is the only ISP offering
high speed internet to most of Edison and the surrounding areas. High Speed internet is any internet
connection delivering equal to or greater than 100mbps/25mbps(Download/Upload speed). They
offer service through a standard coaxial cable network with a max speed of 940mbps download and
35mbps upload. Optimum has a few coaxial cable packages for most of the Edison residents and
businesses, while maintaining the mimal upload speeds throughtheir asymmetrical internet speed
packagesOptimum does offer fiber optic cable connections but is limited to a small percentage of the
Edison area.

Optimum additionally provides cable modem services withWVi-Fi equipment with all their fiber optic
cableand coaxial cable packages.

Verizon

For Verizon we have identified areas where their service is available through a DSL cable network.
Verizon provides ISP service to portions of Edison. For residences, Verizon can provide a imaxn
15Mbps (Download Speeliservice in some areas based upon their geographic location to the Central
Office. Business service is available, and pricing can be found on their website.

According to the Broadband Search site, Verizon Fios Fiber Optic Nefk is only available for kess
than 7.5% of the area.

Additionally, Verizon provides cable modem services witWi-Fi equipment with all their fiber optic
cable and coaxial cable packages.



High-Level Engineering
Network Architecture

The design of thephysical fiber transmissions SRAEOOOEAOOET T HI AT O AAOAOI ET A
scalability and restricts how the plant is operated & maintainedThe architecture is also the main
determinant of the total costof the deployment.

Active Ethernet (AE) technology is a pointo-point application whereas each subscriber has dedicated
Transmitter and bandwidth through the deployment of individually dedicated lasers at the Optical
Line Terminal (OLT) and preassigned homerun fiber to theOptical Network Terminal (ONT). When
comparing AE to arrent GPON technology service providers can expect an estimated increase of
$1,200 per subscriber in network equipment and lasers, increased capital material expenditure due
to fiber sizing (1 fiber=1 subscriber) and increased labor costs associated witthe total number of
fibers joined for splicing at around $30.00 per fiberWhile not a costeffective means of deployment
network wide AE connections can still be utilized for heavy commercial users &or leasing dark fiber

01 AGO 1 El Ao Al dala AehAté Pdint addPrésdncex A A1

Due to the difference in network architecture, more efficient use of materials and equipment along
with the cost of construction services10-Gigabit Symmetrical Passive Optical Network (XGSPON)

is the recommendedplatform of broadband deployment in this study. Current XGBON technology
can sustain 10 Gbps download & upload service utilizing an increased form factor through up to 1x128
optical splitters. This allows maxmum flexibility and minimum expense in selecting mateials and
design topology throughout the network.

The Network Overview below shows on & E C E ZnktotkAchitecture for sample XGSPONFTTx
network. The drawing illustrates the primary devices andcomponents required to operate and
support a scalable networkDue to the inherent design of a GPON architecture, should dedicated links
be required for business orgovernment connections, dedicated backbone reserve fiber not allocated
to residential subsaibers can provide dedicated circuits should the need arise to accommodate
individual Active Ethernet (AE) connections over 10 Gbps.

PON System Specification Summary

BPON

GPON

EPON

Standard

ITU-T G983

ITU-TG.984

IEEE 802.3ah (1 Gb/s)
IEEE 802.3av (10Gh/s)

Downstream Bitrate

155, 622 Mbls, 1.2 Gh/s

155, 622 Mbls, 1.2, 2.5 Gbls

1.25 Gbis, 10.3 Gbls

Upstream Bitrate

155, 622 Mb/s

155, 622 Mbls, 1.2, 2.5 Gbls

1.25Ghis, 1.250r 10.3 Gbis

Downstream Wavelength

1490, 1550

1490

1490, 1550

Upstream Wavelength

1310

1310

1310

Protocol

ATM

Ethernet over ATM/IP or TDM

Ethernet

Video

RF at 1550 or IP at 1490

RF at 1550 or IP at 1490

IP Video

Max PON Splits

32

64

16

Transmitter Power*

OLT: ~0to +6 dBm, ONT: ~ -4 to +2 dBm

~13dB (min) to 28dB (max) w/32 split

Power Budget* ~13dB (min) to 28dB (max) w/32 split ~15dB (min) to 30dB (max)
~17dB (min) to 32dB (max)
Coverage <20 km 10, 20, 40, 60 km (versions) <20 km

* There are several versions of each type that vary so these are typical ranges




Upgrade PON System Specification S y

NG-PON2 XG-PON XGS-PON
Standard ITU-T G.989 ITU-T G.987 ITU-T G.9807
Downstream/Upstream Bitrate 10/2.5,10/10, 2.5/2.5 Gb/s 10/2.5, 10/10 Gbls 10/10 Gbls
Downstream Wavelength ~1596-1603 nm ~1575-1580 Either same as GPON if no current GPON or XG-
PON for overlay
Upstream Wavelength ~15241544 ~1260-1280 Either same as GPON if no current GPON or XG-
PON for overlay
Max PON Splits 64,128, 256 64,128, 256 64, 128, 256+
14-29 dB (min - max) up to 14-29 dB (min - max) up to 13-28 dB (min - max) up to
Power Budget” 20-35 dB (min - max) in 4 versions with up to 15 dB [20-35 dB (min - max) in 4 versions with up to 20 dB |20-35 dB (min - max) in 6 versions with up fo 20 or
differential optical path loss differential optical path loss 40 dB differential optical path loss in 2 versions
Coverage 20 and 40 km versions 60 km 60 km

(The Fiber Optic Association, n.d.)
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Componentsof the network design:

Internet / " A A E Z ¢ Gofddctionfrom the Hub site to a core site or central office
Core Network / Managed Services z Router, firewall, and network managementservers

Head End 7z OLTequipment, provisions for fault detection, traffic OA Z O 1 @aficEfiowg fiexibility
for serviceclass changeghysical & logical layers

Premisedrops

Passive Optical NetworlArchitecture Benefits:

Efficiency z#1 00 A£ZZAAOEOA OAOOEAET ¢ I AT U OOAOAOEAAOO A«
require external power in the field unlike a hybrid fiber coaxial system. With a lower fiber count

density. Additionally, in the event of physical damage restoration is typically completed quicker than
a more fiber dense active Ethernet model.



1 Manageability z simplified provisioning and managementof subscribersand services

1 Flexibility z Providing varying levels and classes of service to different customer locationsariable
speedtiers, phone options, and dedicatedlinks may beoffered.

Network Specifications -
Hub Design-Central Office

[T

Interior z Specifications

“ETEI O AEI AT OET 1O OANOEOAA WateAd ceilipgito usd Rl Ons@atigny 5 7 E A
as required by localauthority having jurisdiction, with white FRP on ¥9wood substrate trim and cove

base throughout.Floor stal AAOA pjcodq 6w@ 8& | OAOAAT O 1 ECEO ZEQOOOA
Twenty double duplex110V 20a electrical outlets, two oneachlongwall. ¢ mq p¢m6 om! , VZOT
for battery backup unit(s) in corresponding rack configuration.

Exterior z Specifications

Insulated entry door, frame and drip cap, lever handle, lock with changeable core, weather stripping,
pick plate and aluminum threshold, and entry illumination necessary for entry door with photocell
and motion detector.

Electrical z Specifications

Dedicated (3) 500 Amp 120/240V electrical services, manual disconnect, automatic generator
transferswitch, Backup generator mounted outdoors stationary, propane or dual fueled, tank sized to
run the Hub for a minimum of 72 hours uninterrupted before refueling. Maintenance contract
recommendedfor fueling, maintenance & emergencgervice togenerator unit.



Conduits/Points of Entry z Specifications

&OT 1T TAAOAOO OEOAO biCicdnduiisifor tel€adn usec(Fl fierdfee® s} & middle 0 6
mile AOT pqh Al 1 OA1T AATiT AITAQOEOO OEI 01 A AgOAT A Ol
vandalism.

Environmental z Specifications

(2) 25,000 BTU HVAC unit, separate electrical circuits anddividual programmable controls, status
AT T OAAO 1 OiaufedaniFe, duilifiry esEust fan, and emergency interior lighting fixture
with flood lamps, fire extinguisher suitable for electronic equipment room.

Network z Specifications

Internet access backhaul, bandwidth = (2) 100Gige2, Access Sub Bandwidth = 2000 Mbps and ramp
up with customer activation. Access Bandwidthto scale as needed proportionally to unmetered
network usage.

Customer Premise Design

Customer Premises withexisting aerial or underground pathways capable of accomodating a new

fiber drop cable for the purposes of directly interfacing the customer premise into the fiber
distribution system shall be considered a standard installation. For the purposes of the construction
costscalculations the average drop lengthid OO 01 AA 01 AA 1 AOO OEAT omnnds8
time of final installation an Optical Network Terminal (ONT) should be provided with a fiber interface

for direct connection into thefiber distribution network. ONT should also have RJ45 (Etherne®)RJ11
(POTS)interface for optional router or POTS phone.

Assumptions of potential take rates assume installation costs for subscribers would be rolled into the
capital expense to build thenetwork. Community buy-in to a municipal communications networkis
necessary along with migration of existing customers from the incumbent service provider to be
considered feasible to achieve the minimum take rate for the project success.
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Open Access & Joint Partnerships-

Open access fiber network models are varied by both geography and the communities in which they
have been piloted throughout the Midwest. In thisnodel the potential host community would invest

in the network infrastructure and hand off service withinthe Central Office with a fiber patch to the
competing ISP firms interested in providing service and allocate a point of presence within the Central
Office. In most instances competing service providers would be responsible for installation of fiber
leaving the public right of way along with the end user equipment. Leasing rates and options to the
service providers can be difficult to calculate but shald account for funding the associated
maintenance and repair costs to maintain continuity of infrastructue connections and fiber records
along the right of way.

Public-Private Partnershipscan offer several benefits to both market sectors where each pacipant

is responsible for completing the tasks in which they thrive. Public sponsored projects are conded
with the overall goal to provide critical infrastructure to the community in which it represents;
however, most often these projects are not exeted in the most efficient manner due to increased
regulatory process and procedure requiring government oegrsight and compliance. Privately
sponsored projects are mostly designed to deliver the most efficient time to completion and fastest
return on investment through efficiency refinement and industry specialized construction
management and technical efficacy

Both partnership models can help provide the necessary Capital fundsillong with the specialized
industry skills and experience tobest execute highy technical public interest projects; however, it
requires a clearly definedresponsibilities outlined within contractual agreemens to both mitigate
risk and definebenefits for all parties independentlythrough a shared ownership/use platform



Estimate d Capital Expenditures

Capital Expenditure Schedule Outline

1. Network Design and Engineering -
1.1. Network Pathway Survey
1.1.1Pole Data Collection
1.1.2UG Conduit Data Collection
1.1.2.1. Lease & Occupancy of Existing Infrastructurénventory
1.1.2.2. Locate & Proof: GPR (Ground PenetragnRadar), Conduit
Survey, Rod & Rope, Etc.
1.1.3Environmental Impact Studies
1.2. Network Pathway Design
1.2.1PoleLicensing Application Processing
1.2.2UG Pathway Area Design
1.3. Network Outside Plant MakeReady
1.3.1Pole Replacement
1.3.2Existing Attachment Moves
1.3.3New UG Conduit: Survelpesign & Professional Engineering (PE)
1.4. Head End Distribution Facility Design (HUB) (CO)
1.4.11Land Purchase, Lease Agreement, & Location Preparation
1.4.2Facility Layout Design & Technical Specifications
1.5. Outside Plant Design
1.5.1Fiber sizing & albcations
1.5.2Architecture and Loss Modeling
1.5.3Material Selection & Procurement
1.5.4Construction Plan Development
1.5.5Permitting
1.6. Bid Document Generation & Hosting Services
1.6.1Bid Analysis
1.6.2Construction Award

2. Central Office Construction
2.1. Architecture Design
2.2. Material Procuremert
2.3. Electronics Procurement
2.4. Special Equipment Procurement

3. Subscriber Electronics
3.1. ONT (Optical Network Terminal)
3.2. UPS Battery Back Up
3.3. TAP (Network Interface Enclosure) Exterior Structure Handoff

4. Distribution Materials
4.1. ROW Fiber
4.2. ROW Steel Stran&upport & Hardware
4.3. Distribution Splice Cases & Hardware
4.4. FAP (Fiber Access Point) Splice Cases & Hardware
4.5. Drop Fiber

5. Construction & Project Management
5.1. Construction Plans



5.2.
5.3.
5.4.
5.5.
5.6.
5.7.
5.8.

Contract Compliance

Material Staging & Receiving Logistics

Equipment Stagging & Overgjht

Technical Compliance

Subscriberinstallations & Scheduling

Electronics Management and Configurations

Final Documentation Acceptance and Testing Services

Cost Type

|Amount

|Assumptions & Notes

Network Infrastructure OSP CapEx $

Yard Space / Storage / Staging/ Warehouse §
GIS Pole & Conduit Survey 5

Third Party Make Ready $

UG Construction CapEx $

Head Ends & Core Equiptment $

Network Engineering & Design $

FTTH Engineering & Design $

Project Professional Services $

29,850,947.96 Aerial Infrastructure Construction Costs
10,000,000.00 <100k sq ft, $20/ft, 5 yrs. Includes 2 Full Time Staff & Forklift
422,769.60 Approximately 42 Poles per Mile
10,776,480.00 Pole Owners review, compliance and physical infrastructure preparation
6,116,642.87 Estimated @ 35 Conduit Miles
977,124.53 Central Office Location & Core Electronics
720,000.00 Electronics Design, Layout, Canfigurations, Protocols, etc.
1,836,000.00 Fiber & Network physical infrastructure
1,872,000.00 Progam, Project, and Construction Management Services-As build/Fiber Records Development

single Residence/Structure-Drops & CPE $
Multi Tenantented Units-Inside Wiring, Drops & CPE §

21,742,182.00 OSP to Customer Demarcation point-Exterior-Traffic Control Coordination for shared rasources to (1) Service Terminal/Day
16,772,540.40 Assume 12 Units/Structure with common utility points on Average for Estimation

WAN Fiber Laterals & Demarcation %
WAN Equipment & Inside Wiring $

134,816.46 Estimated for & Buildings along fiber backbone route-Additional Value Engineering
225,294.72 Estimated for 6 Buildings along fiber backbone route-Additional Value Engineering

UG Equipment $
Aerial Equipment $
Fiber Technicians Equipment §

1,247,985.00 Medium Frame Backhoe w/multiple Attachments, Tag Trailer, Tri-Axle Dump truck, Comprassors, Air Tools, Misc.
742,856.31 2x Comm Buckets, 2x Aerial Splice Van, 2x Reel Trailer, Misc.
107,234.14 OTDR, PON Meter, Fusion Splicer, Tools, Misc.

Total Area Physical Infrastructure CapEx

$62,571,964.96

Total FTTx & WAN CapEx $38,874,833.58

Total Equipment CapEx $2,098,115.45
Sub-Total $103,544,913.99

Contingency @ 10% $10,354,491.40

Program Total Estimated CapEx 5$113,899,405.39

Estimated Operational Expenditures

The network operator will be responsible for Hub equipment, A A A E Ziktekn®tl
connectivity, customer activation, marketing, sales, customer service, billing,
collections, equipment, maintenanceand overall plant and records management.
Following the table below key responsibilities and staffing requirenents estimated for
network operations are outlined; however, both inefficiencies and efficiencies gained
from service provider experience and/or intelligent automation between systems and
processes can greatly affect the expense structure of operations.

1. Operations Management
1.1. Network Operations Center (NOC)
1.2. Customer Service
1.3. Technical Support
1.4. Outside Plant (OSP) Network Management
1.4.1. Fiber Records
1.4.2. Inventory Management

2. Outside Plant (OSP) Network Maintenance & Repair
2.1. Installation Labor-Technician(s)
2.1.1. Misc. Tools & TradeEquipment
2.2. Technical Analysis Equipment
2.2.1. Fusion Splicers



2.2.2. OTDR/Power Meters
2.3. Hoisting Equipment
2.3.1. Bucket Trucks (Aerial Lifts)
2.3.2. Splice Labs (Mobile Lab)
2.3.3. Excavaton Equipment
2.3.4. Specialty Equipment
2.4. Operations Scheduling
2.4.1. Churn
2.4.2. New Installations
2.4.3. Emergency Response &éstoration

. Provision VolIP phone system offerings -recommendation:
3.1. Anonymous call rejections
3.2. Call blocking
3.3. Call forwarding

3.3.1. Always
3.3.2. Busy line
3.3.3. $1 1adsver
3.3.4. Not reachable
3.3.5. Selective
3.4.Call logs
3.5. Call return
3.6. Call waiting
3.7.Caller ID
3.8. Caller ID delivery blocking
3.9. Do notdisturb
310. &T 1 1T xZi AT &ET AZI A
3.11. Speed dial
3.12. 2 way calling
3.13. Voicemail
3.14. Voicemail to Emall
3.14.1.

. Electronics Management
4.1. Network Hardware & Software Maintenance
4.2. Network Engineering Platform Workflow Management
4.3. End User Electronics Integration
4.4, Ticketing & Billing System htegrations
4.5. Troubleshooting

5. Estimated Operational Staffing Requirements:
5.1. Officers (3)

5.1.1. GeneralManager (1)

5.1.2. Chief Technology Officer (1)

5.1.3. Chief Operating Officer (1)
5.2. Outside Plant (11)



5.2.1. Technical Manager (2)
5.2.2. Technical Foreman (3)
5.2.3. Technicians (6)
5.3. Customer Serice (8)
5.3.1. Tier 1 Support Representatives (5)
5.3.2. Tier 2 Support (3
5.4. Warehousing & Logistics (2)
5.4.1. Material & Inventory Operator (2)

Network Operations Responsibilities & Revenue Summary

1. Abide by regulatory agency compliance

1.1. Coordinate Scheduling
2. Configure network equipment
3. Integrate protections for subscriber traffic
Customer supportrecommendation:
4.1.24/7 Telephone
4.2.24/7 Email
4.3.24/7 Ticketing
4.4.24/7 Network monitoring
Configure Customer VoIP phone service
Facilitate and execute phone number portage
Monitor and maintain sufficient capacity to handle the network bandwidthutilization
. Provide, maintain, activate customer premise equipment
. Operational Policy & Procedures
10 Marketing & Sales campaigns
11. Service interruption notifications
12. Service calls

12.1. Scheduling

12.2. Coordination

12.3. Troubleshooting solution and repairs
13.Billing & collections

13.1. Monthly billing
14.Payment processing

14.1. ACH

14.2. Credit Card

14.3. Check
15. Provide customer billing portal
16.Provide options paper mailed monthly bill
17. Network monitoring

0 24/7

17.1. Repairs or restoration from damages

18. Backup configuration maintenance

»
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19.NewA OOOT i AO OECT z0ObD
20. Website hosting & regular maintenance
21. Network insurance
22.Finance
22.1. Accounting
23. Optional Service Offerings
231.7EZ&E 21 O0OAO
232.7TEZ&E %@OAT AAO
23.3. Static IP address
23.4. Business VolIP phone






Appendix -B Sample Maps & Schematics

Field Split & Distribution methodology
GPON adds digital IPTV to simplify the ONT

Singlemode
Fiber :
Cable Plant | AP gﬁ;ﬁﬁﬁ,’) — -<¢— Ethernet (UTP)

GPON to Ethernet,

TVVideoand |g— POTS (UTP)
Transmier POTs
WDM (1310nm)

t

<¢— TV (coax)

GPON ONT provides outputs for all services to subscriber

1.1. Residential Node Scaldillustration Purposes)
1.1.1Transport Fiber to Field Splitter increases availability of core fiber network
1.1.2(9) Backbone Fibers=288 Distribution Fibers w/ 1x32 Splitter Cabinet(Other Options
Available)


https://www.foa.org/tech/ref/appln/FTTH-PON.html










