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1 Executive Summary

Multnomah County and theities of Fairview, Gresham, Portland, Troutdale, and Wood Village
(collectivelya t I NJi ¥y S NJcomEnSsjoetl $ia studly in fall 2019 to consider the feasibility
of a publiclyowned and operated fibeto-the-premises network to serve residential and
business customers throughout Multnomah County.

This report represets the outcome of that engagement and is based on research, fieldwork, and
analysis conducteldy analysts and engineefeom CTC Technology & Enengyate 2019 and the
first half of 2020 includingthe following tasks:

1 Conducted statistically valid makresearch of the residential and business communities
1 Researched the broadband services available to County residents

1 Consulted extensively with Partner Agencies and their affiliates, including educational and
other entities

1 Exploredhe potential for cdlaborationwith jurisdictions that border Multhomah County

1 Engaged with existing and potential service providers to discuss their regional plans and
their potential interest in partnering with the Partner Agencies

1 Developed candidate fiben-the-premises network designs and cost estimates for both
countywide infrastructure and infrastructure in unserved areas, including the potential to
use existing public fiber assets

1 Developed candidate wireless network designs and cost estimates for reankimbers
of the community who cannot afford currelgtavailabléoroadband services

1 Developed financial analysis to illustrate the projected outcomes of pursuing various
business models for fibep-the-premises deployment

1 Evaluated the potential for publfitnancing and federal and state funding options
Based on these tasks and other research undertaken, we found the following:

1.1 Stakeholders Consistently Identify Equity and Affordability as Priorities

The Partner Agencies and their stakeholders articulatedighout this process their interest
exploringthe feasibility of deploying a ubiquitous fib&r-the-premises network that would
serve every home and business in the Coulide heard these themes in every meeting we
conducted.
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The Partner Agencies theselves communicated their collective goals to ensure that:

1 All residents have equal access to broadband (i.e., bridge the digital divide in terms of
service availability)

1 All residents can afford broadband (i.e., bridge the digital divide in terms ofcger
affordability)

1 All residents have unfettered access to information over broadband (i.e., net neutrality
principles apply to their network)

Interviews with key stakeholders during this engagement identified their support for public
intervention to achieve these goat® long as the strategy would be financially sustainable. A
wide range of stakeholders consulted during this protessluding businesses, advocates, local
officials, and school officialsemphasized in particulathe critical need for affordable service
and equity in broadband; that is, the primary goal is to ensure that all members of the community
could realize the benefits of the broadband internet for such fundamental nas@siucation,
healthcare, and receipt of gemnment services.

In addition to the data colleed to prepare this report, local advocacy organization Municipal

NREI ROFYR t5- FILOATAGIOGSR (g2 020y Wetef f YSS
dzy RSNE Gl YR GKS ySSRa 27 O sat¥iNedayid eastehaMulthgmaht 2 NJIi f
County as we consider making large investments in our digital fdfdteK S 2 NB | datal | G A 2y
andfindings are consistent with the data collectbg CTG@nd further reinforce the importance
the broader Multnomahcommunity daces on broadband, particulary termsof affordability,
equity, and equitable access.

1.2 The Covid-19 Crisis Has Exacerbated the Affordability Challenge and

lllustrated the Scale of the Equity Divide
The Covidl9 pandemic reached the United States whilés study was underwadt and
F YL AFASR (GKS t I NIYySN) ! 3SyOASaQ 3J2+fad ¢KAaA
unprecedented demand for broadband access fatZKeducation, telehealth, and employees
who can work remotely while exacerbating the chaliges of broadband deployment and
demonstrating the enormous need for services at an affordable price.

ladzy AOALI £ . NRPFRoOFYR t5-Qa NBLR2NI Aa FdaGFrOKSR & ! LIISYF
2Much of the data in this document was developed before the pandemic began to ifupaimomah County The

business and residential surveys were completed in the week preceding widespread U.S. shuttawrisreseen

benefit of the data, a a resultjs that theyrepresent a baseline to understartmoadband use immediatelyefore

the pandemic.

2
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In Multnomah County, as throughout the country, the epidemic laid bare the stark broadband
inequities faced by manlgouseholds While counties and citilsave for many years sought to
develop broadband infrastructure to addregaps in affordability andvailability, the pandemic
has illuminated the scale of the challenigeith remarkable numbers of households lacking
broadband internet serviae even as broabdand has become a lifeline for distance learning, work
from home, and telemedicine.

Indeed, affordability and equity were universally identified as the critical needs in every process
of data collection undertaken for this efforAnd the impact of the pademic was noted
universally, including in the Municipal Broadband PDX report.

1.3 Residential Market Research Confirms a Digital Divide Based on Income

Level
The residential market research conducted in early 2020 confirm the data and concerns reported
by gakeholders? Through a statistically valid mail surve@TCdeveloped data regarding
(immediate prepandemic) broadband needs, usage, demand, and perceptions of the need for
public effortsto improve broadband outcomesKey survey findings include thalowing:

Multnomah County households are highly connected, but lowiacome households are left
behind. AlImost all household96 percenj have some form of internet connection. Specifically,

90 percent of residents have home internet service and 84 percent have a cellular/mobile
telephone with internet. Only percent lack any form of access to the internet at horew
incomeresidentsareless connected, and connect at lower spedtian highesincome residents
Lowerincome households (less than $50,000 annual income) are less likely than households with
a higher income to have internet access at home or via smartphb8percent of lowincome
households do not have any internet access. The gap grows astie internet technologyets

faster. Only 11percentof those earning $50,000 or less have fiber optic connections, while the

3 See Appendix C.

4 Detailed residential survey results and methodology are described in Section 3 below and the residential survey
instrument is appended to this report as Appendix A. The residential survey was complemented kgyafurv
businesses, whose results and methodology are described in Section 4 below. The business survey instrument can
be found in Appendix B.

5 The residential market research was begun in February and completed iManah, immediately before the
Covid19shutdowns beganA total of 6,666 survey packets were mailed fektss in February to a random selection

of householdsstratified into three regions: 1) Portland, 2) Gresham, Fairview, Troutdale, Wood Village, and 3) other
towns and unincorporated area# total of 1,125 useable survegsponss were received by the date of analysis,
providing a gross response rate of 16.9 percent. The margin of error for aggregate results at the 95 percent
confidence level for 1,125 responses is +2.9 percent. Thabrigyuestions with valid responses from all survey
respondents, oneanbe 95 percent confident (19 times in 20) that the survey responses lie within £2.9 percent of
the target population as a whole (roughly 322,000 households in Multhomah Coihiy)surey responses were
weighted based on the age of the respondent and region.
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overall average is 1percent. Further, @spondents withjust one type of internet connection
(either a home internet connection or a smartphone only) are also disproportionately lower
income;6 percent of all respondents, and 12 percent of those earning under $50,000 annually,
use only a mobile connectionfor home internet. Respondents with botfixed and mobile
connections have higher household incosne

Even so, thoséower-income households that have internet pay the same as higimsome

earners Household earning $50,000 or less pay on average the sanmint as the overall
average, around $70. They are also just as likely to have cable as higher earners (56 percent), but
they are less likely to have fiber as their primary Internet service (11 percent vs. 17 percent).

Only four in 10 respondents agreed strongly agreed that the market currently provides high
speed internet at prices they can affordsuggesting some need for affordable broadband
internet among a segment of respondents. Just four in 10 are willing to pay a premium for access
to high-speedinternet.

Cable is the mostised internet technology, but fiber performs the besCable modem (56
percent) is the leading internet service used, while 17 percent of households have fiber and 17
percent have DSL. Fiber is somewhat more prevalent in the greater Gresham, Fairview, Troutdale,
andWood Village ares(24 percent)Respondentseport higher satisfaction with fiber customer
service and price of service compared with DSL and cable modem services. Cable modem
subscribers are more likely than those with other internet services to consider switching to
another provider.

Connection eliability ranks as the most important internet service aspeamongii KS / 2 dzy i & Q
residential internet subscribers, followed by price and connection speledernet users also

value net neutralityp3 percentsaythat confidence in their service providerating all traffic in

a net neutral way is extremely important.

Highspeed,reliable broadband at home is critical for workhealthcare, and educationMore

than onehalf of respondents (55 percent) said their job requires them to have internet access at
home. Those residing in the Gresham, Fairview, Troutdaleé\Wood Village region as a whole

(49 percent) are less likely to have a job that requires home internet access, compared with
Portland residents (59 percent) and those who live in unincorporatr areas of the County

(62 percent).Additionally, 69 percenbf respondentsuse the internet for healthcare services,
and 46 percent use the internet for educational purposes. With the exception of education, those
in the Gresham, Fairview, Troutdalend Wood Village regionmeported lower usage of the
internet for these activities.

Respondents demonstrate strong support for government playing a rnol@nsuring accest®
affordablebroadband. Approximately six in 10 respondents strongly agree, though residents of

4
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the Gresham, Fairview, Troutdalend Wood Village region were less likely to agree that the
Partner Agencies should play a role as compared with those who reside inndoatta other
areas. Nearly ondalf of respondents feel the Partner Agencies should build a broadband
network, and 36 percent of respondents feel the Partner Agencies should operate the network.
This opinion is more popular among Portland residents congpaii¢h residents of other areas.

Support for a governmentoperated network is fairly strong countywide but lower in the
eastside citiegi.e.,Fairview, Gresham, Troutdale, and Wood Villagleich we refer to below as

& G KS )/ Suppdrt$oaapublicpuilt and operated network iseported by more than half the
respondents countywiddn contrast, ajuarter of respondents oppose that idea outrighinong
supporters,it is specifically the publicly operated aspect of this approach that respondents like.
Support drops a bit if a private entity operates a publicly built and owned network, suggesting
Multhomah County residents trust public institutions more than private companies when it
comes to delivering an essential utility fairly and effectively. Howetat support is significantly
fSaa NRBoOodzad Ay GUKS /AGASa GKIYy O2dzyiesgARSO
publicly run model, as is illustrated belowurther, he appetite for a governmenioperated
network depends heavily on price poiM/hen respondents were asked the price point at which
fiber would be desirable, $50 was the sweet spot. After that, interest faded rapidly with each $10
increment.
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Figurel: Support of the County's Role in Broadband Interre€ountywide Respondents

Support of the County's Role in Broadband Internet

Ensure that all residents have access to competitiv
priced broadband internet services

Ensure that all students have access to competitiv
priced broadband internet services
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Build a publicly financed network on which the Coun
and/or Cities offer competitive internet services

Build a publicly financed network on which one or mo
private sector companies can offer competitive intern
services
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m 1 - Strongly Disagree m 2 - Disagree m 3 - Neutral m4 - Agree m5 - Strongly Agree
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Figure2: Support of the County's Role in Broadband Interre€ity-only Respondents

Support of the County's Role in Broadband Internet
Cities only

Ensure that all residents have access to competitiv
priced broadband internet services

Ensure that all students have access to competitiv
priced broadband internet services

Ensure that all low-income residents have access|
competitively priced broadband internet service

Build a publicly financed network on which the Coun
and/or Cities offer competitive internet services

Build a publicly financed network on which one or mor
private sector companies can offer competitive intern
services

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m 1 - Strongly Disagree m 2 - Disagree ™3 - Neutral m4 - Agree M5 - Strongly Agree

1.4 Broadband Is Available in Most of the County but Some R emote Areas Are
Unserved

Broadband is availablan the population centers of Multnomah Countyand there is some

measure of broadband competitiagiven the presence of two providers in most areas.

However, gproximately2,800 homes and businessase entirely unserved with broadband,
representingm  LISNOSy i 2F (KS /Thedp/pietni©es aréolcdnkrated inINB Y A & ¢
sparsely populated unincorporated areas of the northwest portion of the County, as well as in
pockets in the easEigure3illustrates those unserved addregeinta | YR G KS [/ 2dzy (& Q3
areas.
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Figure3: Unserved Addresses in the County

* Unserved Address
Unserved Area

Source: CTC Analysis

Unserved portions of Multhomah Coty face the same challenges as other {density
communities to attract broadband infrastructure investmeAreaswith high capital costs per
user, particularly rural areasstruggleto attract private investment in infrastructure The
challenging economas result from the lack of density of potential customeend, in many

cases, the fact that homes are located far from arterial roads or on large parcels of land; long

driveways or setbacks from the road greatly increttse cost to deploy infrastructuréo those
locations

1.5 Countywide Fiber -to-the-Premises Would Cost Approximately $1 Billion

CTC engineers estimate that construction of countywide fibethe-premises would cost
approximately $1 billion, inclusive @ber-to-the-premisesinfrastructure, d electronics,and
servicedropsand customer premises equipment to 35 percent of premfses

This model assumes a 35 percent taeet the percentage of residents and businesses that
subscribe to the servic€Tablel). On a pepassingbasis, the countywide deployment would

6 The network conceptual design and cost estimates are described in detail in Section 5 of this report.
gLl aaAiry3dé Aa GKS AYTFNI A G NYzO G zNdBlic dgKtsofivayd dull-it @ceSndte |
Ay Ot dzRS { K St thie pdBtiNdbAtiae Betvid ik EhatlEonnects from the road to the home or business itself.
The availability of a passing to a home or business is the universally understood definition & sdraed, both
within the industry and among the state and federal government entities that fund broadband expansion and
regulate communications services.
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cost about $1,7100 a number comparable to other communities with a high percentage of

underground infrastructure and relatively higjousing density.

Tablel: Countywide ber-to-the-PremisesCosts

Qutside
Street . Passings  Outside Plant Equipment | Subscriber
Miles FRESITES Per Mile | Plant Cost | Cost per Cost Costs Vet Gt
Passing
3,643.0 | 389,993 107 | $668,333,100 $1,710 | $66298,810| $232,045,835 $966,422,165
I ySig2N] RSAAIYSR G2 LI aa 2y fcastsdrandliontreghi & Q &

the approximately 2,800 unserved homes and businesses in unincorporated Multnomah County,
againassuming a 35 percent takate (Table2). That total represents an almae$i6,000 per
passing cost, with this considerably higher cost (about six times thgamssing cost for the
ubiquitousfiber-to-the-premisesmodel) reflectinghe low densities of the unserved areas.

Table2: Unserved Areasiber-to-the-PremisesCosts

Outside

Street . Passings| Outside Plant Equipment | Subscriber

Miles Passings Per Mile | PlantCost | Costper Cost Costs el i(ele
Passing

355.0| 2,800 8 $44,375,000 $15,848 | $476,000 | $1,666000 | $46,517,000

Portland will be the most expensive part of the County in which to busidan estimated fiber
construction cost of $200,000 per milelue to the prevalence of undergrounatilities and
crowded rightsof-way and utility poles. We assume the remaining cities and unincorporated
parts of the County will have lower per mile construction cosas estimated cost of $150,000

per milet because more of these areas have aerial ut8iad the poles and rightsi-way are

less congested. If the County were to construct fiber only in the unserved portions of the County,
we assume construction costs would be even lower because there are fewer existing attachments
on the utility poles inhose areas, resulting in a cost of $125,000 per mile.

The proportional breakdown of costs by areasisnmarized inTable3, assuming a 35 percent
takerate:
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Table3: Fiberto-the-Premises Costs by Jurisdiction

Outside
Passings . Plant Core o .
Jurisdiction St_reet Passings  per Qiclls Cost | Equipment Dlstnbutlpn SUgsEoE! Total Cost
Miles . Plant Cost Electronics Costs
Mile per Cost
Passing
Fairview 423| 2176| 51 $6.343.050 $2.915 $217.600] $152,320] $1.294720 $8.290570
Gresham 323.8| 45417| 140 | $48,565,350 $1.069] $4.541,700 $3.179190 $27.023,115 $89.213565
Portland 2615.3| 327.011] 125 |$523.067,800 $1.600] $32,701,100 $22,890,770 $194,571 545 $815,742 645
Troutdale 685| 6,440 94 $10,279.200 $1,596] $644.000] $450.800] $3.831,800 $16,043,000
Wood Village 17.2 944| 55 $2,583,300 $2,737|  $94,400]  $66,080]  $561,680] $3,428,180
gg:sggrporated 220.8| 5205| 24 $33,119,400 $6,363| $520,500| $364,350, $3,096,975 $37,101,225
Bﬂ'sne‘f/;pdorated 355.0 2,800| 8 $44,375,000 $15,848|  $280,000, $196,0000 $1,666,000 $46,517,000
Countywide | 3,643.0) 389,993] 107 |$668,333,100 $1,710| $38,999,300 $27299,510| $232,045,835 $966,422,165

10
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1.6 Countywide Fiber -to-the-Premises Would Require a 36 Percent or Higher
Take-Rate to Achieve Positive Cash Flow, Depending on Pricing
The financial analysis developed for this report suggeststtfeatountywide strategy would be
self-sustaining at a takeate of 36 percent, assuming & percent bond interest rate and
residential service fees of $80 per monthcomparable to those offered by prominent
competitivegigabit providers such as Google Fifgf0 per month) Allo Communications ($99
per month),and Ting Internet($89 per month)and prominent municipal provideedsewhere in
the country,such as Chattanooga EPB ($68 per maohth)

This level of takeate isfeasible Municipal networks in many parts of the country have reached
this and highetake-ratesin some cases, takeates are considerably higher than 40 percent)
though none to our knowledge have achievbat levelin markets where there is already fiber
to-the-premisesas exists in substantial parts of Multnomah County.

However,the financial model suggests thattake-rate of 70 percent is required to achieve
positive cash flow if the residential gigabit product is priced at $&0nonstrating that the
financial viability of the initiative is very sensitive to pricing and the willesgrof consumers to

pay more for fiber-based services. This suggests some level of risk given that the residential
market research participants, when asked if they would be willing to purchase 1 Gbgspleigth
internet servicefrom a new providerat various price levelsdemonstrate limited interest at
monthly fees in the higher ranges.

Indeed, the residential market research suggests that consumer willingness to pay fdyeaest
services falls off considerably above monthly costs of $50. The resparesékistrated below,
with mean willingness tgurchase across this array of questiotiastrated in Figure4 and
detailed responses illustrated Figure5.

8 A detailed financial analysis is included in Section 8 of this report.
11
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Figure4: Willingness to Purchase from Another Provider (Mean Ratings)
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Figure5: Willingness to Purchase from Anoth&rovider
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As the graphics illustrateSra LI2 Yy RSy 1aQ gAftt Ay3aySaa G2 LIzZNOKI :
another commercial provider is high at $50 per month, but it drops considerably as the price
increases. The mean rating falls to 3.4 at a price pdi¥7@ per month and 2.§.e., slightly to

moderately willingat a price point of $90 per month.

Stated otherwise 74 percent of respondents are extremely willing to purchase 1 Gbps internet
for $50 per month, dropping to 34 percent at $70 per month a8dpercent at $90 per month.

12
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Thenumbers are less robust among respondents friltea Gresham, Fairview, Troutdaland
Wood Village region for most price points (degure6).

Figure6: Willingness to Purchase from Another Provider by Region
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The willingness topurchase higkspeed internet service isalso correlated with some
demographic characteristics of the respondents, includiaogsehold icome (sed-igure7). The
likelihood of purchasing higbpeed internet tends to increase as household income increases.

13
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Figure7: Willingness toPurchase from Another Provider by Household Income
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The model is also sensitive to the cost of capital. Our base case analysis requires a 36.5 percent
take-rate at a4 percent bond financing but increases to a 44 percent required takae in the

event that the interest rate increases tpercent. The takeate requirement is reduced to 31
percent if the bond rate is reduced @percent, suggesting a lowéevel ofrisk if the cost of

capitd is greatly reduced.

The model is also sensitive to the capital cost of building the network. Our base case assumes the
approximate $1 billion capital costs estimated by our engineers. An increase of 15 percent in
capital costs would increase the takate requirement from 36.5 percent to 44 percent, while a

15 percent reduction in capital costs would reduce the takie requirement to 30.5 percent.

The sensitivity analysis is summarized in the following tables:

Table4: Bond Rate Sensitivity Analysis Summary

Scenario Bond Required

Rate TakeRate
Base Case€2.0 percentagepoints 2.0% 31.0%
Base Case 4.0% 36.5%
Base Case + 2.@mentagepoints 6.0% 44.0%

14
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Table5: Capital Cost Sensitivity Analysis Summary

Scenario REGUIEL

TakeRate
Base Casd 5% CapEx 30.5%
Base Case 36.5%
Base Case 5% CapEx 44.5%

In addition to the puranunicipalbroadband model, we also evaluated tfeasibility of a public
private collaboration model in which the Partner Agencies would build, own, and maintain the
fiber infrastructure with one or more private entities leasing access to that infrastructure on a
countywide basis in order to provide sa®s?

In our view, this collaboration model offers an innovative and important way for local
governments to own lorngerm infrastructure and secure their policy objectives in broadland
including such goals as service affordability and net neutralithile enabling the private sector

to assume much of the risk of operations and undertake such elements of service provision as
customer service, marketing, and sales.

This model represents a promising strategy for public efforts in broadband and has been
pioneered in a substantial handful of innovative cities. In Westminster, Maryland, for example,

the city has built an underground fibéo-the-premises network with Ting Internet as its citywide

fiber lessee for a 2@ear term. In Huntsville, Alabama, theic® Q& Ydzy A OA LI f St SO
leased citywide fiber to Google Fiber for ayggar term, while using additional fiber capacity for

utility and city needs. Similar lease arrangements exist between Allo Communications and the
Colorado cities of Breckeidge and Fort Morgan and between CenturyLink and Springfield,
Missouri. And, most recently, the city of West Des Moines, lowa, announced that it will build
citywide conduit with Google Fiber as its first citywide lessee of conduit space.

Our analysis, howeer, is that this model would likely require substantial subsidy, at least in the
early years of operation. Based on the payment temeshaveanalyzed for some of the existing
programs of this sort, payments from a single citywide fiber lease are unikély sufficient to
O2@0SNJ GKS t I NI ¢hShisdmodal,Shoge toStsividuldb2 dadeéup primarily of debt
service as well as fiber maintenance and some administraiqrense9:°

9 This collaboration modé$ described in some detail, with case studies, in Section 7 of this report.

101t will likely require at least two and possibly more citywide lessees for the revenues under this model to cover

Partner Agency costs. For example, based on the fee strucaiveelen Ting Internet and Westminster, the fees

O2dzZ R O20SNJ G tStrad nn FyYyR d YdzOK Fa yn LISNOSyd 27
customers subscribe to service. (The Westminster/Ting fee structure is based in part on the mdfipéssings

and in part on the number of subscribers.) Other examples are less promising. The HuBtsogdle Fiber fee

15
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As a result, the Partner Agencies would need to secure additidark fiber lessees or other
forms of revenue for the network to sustain itself. Whitl@és not inconceivable that additional
internet service providerd$PBwould be interested in leasing fiber assets, there has not yet been
a citywide project of ths sort in the U.S. in which a second provider has agreed to a citywide
lease.

1.7 Targeted Wireless Solutions Could Deliver Broadband to Low -Income
Households
While fiber-to-the-premisesrepresents the besin-class class technical solution to address
broadbard needs in the longerm, there exist a range of lowewst lastmile wireless
approaches to meet the most critical broadband needs in the shortteimparticular, providing
basic connectivity to loweincome residents who may otherwise have no affordat¢ions. In
short, the Partner Agencies can use eeféctive wireless to bridge affordability gaps and
support lowerincome households!

We examined two conceptual approaches usWgFi and fixedwvireless technologies that can

be scaled to accommodata wide budgetary range, can be deployed relatively quickly, are
impactful at any funding level, anithat leverage existing infrastructure to expand reach and
reduce deployment timeframes. These are not solutions offering ubiquitous coveragj¢hey

are not able to deliver fibedike capacity but as targeted broadband solutionsould they
provide a lifeline reaching across the digital divide to facilitate distance learning for students, job
searches, access to government services, and atodssalthcare professionals in the ongoing
pandemic crisis.

1.7.1 Expansive Public Wi-Fi

Strategically placed \WRi hotspots throughout the County, particularly in lovcome areas, is a
leastcost solution with high impact, leveraging existing County and npalifiber and facility
assets to provide reliable internet access in close proximity to all residents. The Partner Agencies
can install wireless access points at any or all of the more than 600 government, schools, and
library locationsin the County. Mmbers of the communitgould thenconnect to the internet

using their own mobile devices from their vehicles or in outdoor spaces. In addition, the Partner
Agencies could allow community sponsors who haveiamstrictedinternet connection(i.e.,

that allow them to provide free WFito the public)to also host access points. These community
sponsors could be neprofit agencies, religious institutions, and community centers such as the
Boys and Girls Club or the YMCA.

A0NHzOGdzNBE ¢2dzZ R tA1Ste O20SNJ 2yte& pn LISNOSyd 2F GKS t!
itself, where caital costs are much lower than in Multhomah County. These projects are described in more detail

in Section 7 of this report.

1 The wireless conceptual designs and cost estimates are described in detail in Section 6 of this report.
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The estimated cost per location is $80. The model assumes that the County or Partner
Agencies would manage and maintain the network at a {eéfirt level. The communities can
scale the program as budgets and need require. For example, if the County were to use its 600
government, schoolsand library locations, the cost would be $2.8 million and would support
many thousands of concurrent users limited primarily by the size of the physical spaces available.

1.7.2 Targeted Fixed Wireless

As amther alternative to deploying fibeto-the-premises, tie Parthner Agenciesould consider a
fixedwireless network to deliver broadband servidestargeted areas of the community that
are most in needThe goal would be to provide an affordablerm-costalternative even where
service availability is not a b#er. To that end,/ ¢ / Q& SdedbpedaSived wireless
network model to assess the viability of servihg County@ lowest income areas using existing
siting locationsi(e., equipment mounted omowers orthe rooftops oftall buildings)within the
County.

Our analysis found that]though it would have clear technical limitations relative to a fiber optic
network, afixedwireless networkmay be able to provide service to approximately 25 percent of
residents throughout the loweincome areas oftte County a figure that takes into account the
achievability of wireless coverage using rmymmercial wireless spectrum and service eligibility
criteria likely based on federal poverty level, eligibility under eaional School Lunch Program
(NSLR)or similar criteria.

In total, we estimate thisapproach could deliver service toapproximately 13,000 of the
households in census block groups having the lowest average median income level in the range
of $13,048 to $40,000~gure8) for an estimated deployment cost of approximateB6$nillion,

or approximately 8,700per home.
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Figure8: Median Household Income Map for Multhomah Couynt

Median Household Income 2015
= ¢13,048 - $40,000

= $40,001 - $60,000

= $60,001 - $75,000

= $75,001 - $100,000

= $100,001 - $166,000

Source: American Community Survey (2015 Estimate)

The network would leverage existing siting locations where available and would require new
construction of mounting structures (towers and/or utility poles) where needed. Our model
assumes the requirement for approximately three towers per square tailerovide capacity

and coverage of the neighborhoods. It would use péaipoint wireless connections to locations
where the Partner Agencies have fiber to provide backhaul to the internet.

The following table shows the cost breakdown for the strategy:

Table 6: Costto Serve25 Percentof Households in Census Block Groups Below $40,000 Median
Household IncoméFixed Wireless Model)

Item Cost

TotalDistribution Network Cost $12.2million

Total IncrementaCustomerCoss (13,000@ $L,800per Qustomer) $23.4 million
Total: $35.6 million

1.8 Where Affordability Prevents Residents From Using Broadband, the
Partner Agencies Could Take Low -Cost Approaches to Maximizing Existing
Services
Beyond the infrastructure solutions described above, the Partner Agencies might consider other
low-cost or necost approaches to helping residents for whom affordability, not availability, is
the hurdle preventing them from using broadband services.
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One opion would be to help eligible residents apply for an existing-tmstor subsidizedervice

offered bya local service provideior example, in Montgomery County, Maryland large

jurisdiction outside of Washington, DtQi KS f 2 O € A ( & Qnél Prbgfams [&@uBche2 ¥ . NP
a program to help any eligible residentenrollinaio® a G Ay GSNYy SG aSNIBAOS f A
Essential® or signup for Verizon service using the federal Lifeline progtam.

While that localgovernment has devoted staff resources to providing -oneone guidance to
interested residents, it has no ongoing costs for delivering service. And residents who enroll in a
low-cost program might have a multiplier effectelling eligible neighbors or damates about

the low-cost programs, with no additional staff time requir@the Partner Agencies could take a
similar approach with Comcast or CenturyLink (which is a Lifeline particigant).

Going a step furtherif the Partner Agencies had a pool of élimg but did not want to embark

2y Ly AYTFNI aidNHzOGdzNBE LINPIAINI YI (GKS& O2dzZ R dzaS
Internet Essentials or Lifeline services. (At $10 per month per housébholdternet Essentials

a relatively small amount diunding could have a big impaceither in a bulkbuy approach
negotiated with Comcast, or via direct reimbursement to eligible residgnts

This approach could be limited or it could be quite expansive. In Alabama, the governor
earmarked $100 milliomf funding the State received from the fedei@bronavirus Aid, Relief,

and Economic Security (CARES)técieliver free internet access to eligibl@ew-income K-12
students in their homesduring the fall school semester. Thatate issued a request for
information (RFI) to engage private providexo would commit to providing service at a set
price, then mailed prepaid vouchers to every eligible housekold.

1.9 Federal and State Funding Programs Can Address Unserved and Lower -
Income Areas but Will Not Fund Countywide Fiber

The existing broadband infrastructure in ti@ounty effectively precludes the possibility of

significant federal grant funding to support tleuntywide fiber network contemplated here,

though there do exist federal and state programs that sapport deployment tdhe unserved

areas and possibly to targeted lowiercome and economic development arelds.

2g Ly SNy S i Comaasti8tysiinvkwwiinterhatessentials.com(accessed September 8, 2020).

Ba[ 26 /2a0 LYGSNYySizé h¥FAOS 2F . NRIFIROIFYR tNRBINIYaAI a2
https://www.montgomerycountymd.gov/obp/lowcostinternet.html (accessed September 8, 2020).

VaFSEt AYSsé hitpS:ynivazoeBtlindink.toB/aboutus/community/community

development/lifeline.htmi(accessed September 8, 2020).

Bagl £ Lol Y . NRSQROANARI & 2F2 NJ { ( dzRtpsf/abgstudent§.aidi(dcce®ssed¥ ! £ F o YI =
September 8, 2020).

16 The variousederalfunding sources are described in Appendito this report.
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1.9.1 Funding Programs for Unserved Rural Areas

For unserved areasgederal and state funding sources represent ammportant source of
broadbandfunding While these programs tend to have restrictions that affect their potential

breadth of impact, our analysis is that a number of progranmluding the grant funding that

the State of Oregon has made available, as well as federal gamegrun by theFederal
Communications CommissiofG@EandU.S. Department of Agricultur&SDAr could assist the

[ 2dzy i Qa STFF2NILa (G2 NBRdzOS G(GKS YWdzYoSNJ 2F dzyas

Given these funding sources, the County could focus on itself bgikd operating network
infrastructure in unserved Multhomah Countyr collaboratng with private sectorpartners to
apply forgrants. In either casgthis effort may require multiple years and is unlikely to be
resolved in the shorterm, given the higltost of serving the remote areas of the County.

This effort could begim 2020, with the understanding th#étere likely will be state and federal
broadband funding in 2021 and beyan@nd it may take years to access sufficient grant funds
to address theentirety of the unserved areas the remote parts of the Countyn the next year,
multiple federal agencies will fund construction of broadband facilities in unserved areas of rural
America. TheSate of Oregon may also allocate further funding for dubmoadband grant
programs like that it undertook in JuAgPockets of the eastern and western parts of the County
will qualify for these programs, which generally require a showing that the area is currently
unserved with 25 Mbps/3 Mbps (download/uploasrvice.

The County itself is eligible for all of these programs and could compete for funds to begin to
NBRdzOS GKS ydzYoSNJ 2F dzyASNBBSR t20FdA2yad ! fGS
private ISPs to reach these remote areas, the Cocotyd leverage federal and state funding by
committing funds necessary to enable applications that require a match. The County can incent
providers to apply for these grants by committing to pay some of the match for successful
grantees. This commitment ivimake the grant applications more competitive and viabéand

will likely increase the number of applications filed for Multhomah County. At the same time, the
federal or state government will bear the cost and the effarenforcing grant requirements.

YC2NJ SEIF YLX ST !'{5! Q& wS/2yySOlG IyR /2YYdzyrGé /2yySOid LI
the two for lastmile connections in rural areas. While ReConnect has not yet seen an appmpidatext year,

we anticipate that Community Connechwf f 06S 2LJSY SR F2NJ I LILX AOF GA2ya Ay (GKS
Opportunity Fund is an auction that will take place in late October and November to award $16 billion over the

next decade to support the buildout of higipeed broadband netwés in unserved areas of the country. These

and other programs are discussed at some length in the appendices to this report.

18 Even more promising, th&ate of Oregon recently released the application for a broadband grant initiative

focused on local govement recipients that was intended to fund broadband infrastructure in areas unserved with

25 Mbps down/3 Mips up(https://www.oregon4biz.com/Broadban®ffice/Rual-BroadbandCapacityProgram).

While that grant opportunity closed last month, the County could consider similar state opportunities that arise in

the future to address the unserved locations in the east and west of the County.
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Committing to fund the match on any successful application will also enable the County to avoid
having to pick and choose among ISPs, as it would effectively be committing to fund all ISPs whose
applications are successful. Given that btk state and feleral governments will only fund a
single project in any given geograghgnd will very carefully vet those geographies to ensure
that the area is indeed unservedhe County has a builh set of protections against the risk of
having to fund too many progs.

1.9.2 Funding Programs for Lower -Income and Economic Development Areas

While the great majority ofederal broadband funding programs are targeted at unserved,
remote areas of the country, there do exist some funding programs that can be applied to
addressbroadband affordability and access needs in urban and suburban areas. These are
programs we recommend that the Partner Agencies monitor and consider for such efforts as the
digital inclusion wireless initiativése., targeted broadband solutiomescribel above.

For examplethe Coronavirus Aid, Relief, and Economic Security (CARES) Act added $1.5 billion

to an existing grant program of the®5 SLJI NI YSy G4 2F [/ 2YYSNDSQa 90+
Administration (EDAj creating a significant opportunity, both because of the size of the
allocation and its breadth of eligibili®y.The grants are available to local and state governments,
non-profits, and dher noncommercial entities that have a compelling case for using
infrastructure projects (including broadband initiatives) to ameliorate the economic effects of

the Covid19 crisis. Broadbandprojectst including in noaural areas that will help address
coronaviruschallengesare eligible so long as thewill strengthen economic resilience, diversify

the economy and workforce, or support recoveAs of the date of this writing, this opportunity

is still open but idemands quick actiorto submit an appliation before funds are fully expended.

Given theeconomic challenges created by tBevid19 emergency, we anticipate future rounds
of economic stabilization and recovery funding. New programs may include additional funding to
EDA or other agenciesays that address broadband affordability and inequities.

19 More detailed guidancesgarding this program is included in the appendices to this report and at
https://www.ctcnet.us/blog/1-5-billion-in-new-grantfunding-availablefrom-economiedevelopment
administrationfor-broadbandother-projects/.
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2 Approximately 1 Percent of Homes and Businesses Are Unserved

Research conducted for this repdidund anestimated 2,800 homes and businessasthe
County(i.e.,about1 percentofthe 2 dzy (1 @ Q& (i #hatlare unsaN&I Withdi®adivand,
based on the current federal definition of broadband (25 Mbps download and 3 Mbps upload).

Figure9illustrates those unserved addressesy R G KS / 2dzy & Qa dzyaSNBBSR |

* Unserved Address
Unserved Area

Figure9: Unserved Addresses in the County

Source: CTC Analysis

To establish a comprehensive overview of service availability in the Cdunuiyding for

purposes of eligibility for federdunding programs)we performed & assessment of service
availability usinga wide range oflata sources. Among our primary sources were the data self
NELR2NISR o0& AYyUSNYySi aSNWBAOS LINPOJARST#Eei®L{t 0
atendeng for ISBto overstate their service availability on these forms, given that an entire

census block is reported as being served if even one location in 8@l YSSiGa GKS C
requirement. In the case of this analysis, that overstatemegasto our advantage; ive found

census blocks the Countythat are shown as being unserved, then eaildbe certain that the

residents there truly are unserved.

2S [ faz2 Sgl t aonned Rmeick BundqCAF Q)Fundiogumentationto identify
areas deemed unserved anderserved by that progrargboth to validate Form 477 data and to
establish eligibility fothe federal ReConnect progrgnGiven the 16§/ear buildout window for
entities receiving CAF Il funding, we note that unserved aireéise Countythat are subjet to
an award may still be unserved for many yelarsome
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Next we evaluated thé ®{ ® 5 S LI NI Y S ywidzNIFt ! !3NR (QRESHINSESB {QE NI A
served and unserved areas, which is based on a range of different datasets. In our viRWShe

map B underinclusive of the unserved portions of the countag a whole but it provides

another set of insights to add to our broader analysis.

Then, wsing thet I NJi y S NJ GISthys CGo& ke Barth imagery, and other relevant sgurces
we conducted an extegive desk survey tepot check and verify thether datasets in order to
develop the most accurate and comprehensive overview of service availagNiGTC outside
plant engineer analyzed Google Earth Street View maps where availsééeching images of
miles of County roadways for the presence of broadband infrastructure such as cable
attachments on poles for aerial construction and handholes and pedte$or underground
construction.)

Finally, for purposes of evaluating anothmstentially relevant federal funding opportunity, we
SPOIFfdzZ SR (KS LRNIA2ya 2F GKS /2dzyié RSSYSR !
Fund.

We identified the Coun® & dzy Ay Kl 6 AGSR I NBFa a2 ¢S O2dzZ R S
analysisigurel0).

FigurelO: Uninhabited Portions of the County

=\Naterway

=Cemetery

=Golf Course

=Natural Area

=Park

=0Other Outdoor Recreation and Conservation Area

Source: rlisdiscovery.oregonmetro.gov

Usiid GKS C// Q& C2NY¥Y nT1Tt RFEGFEZ 6S ARSYGAFASR O
claims to offer 25/3 broadband servicEigurell). At a high level, the shaded pions of the
YIL) NBLINBaSyild (GKS /2dzyieQad dzy aSNWSR 3IS23INF LKE
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Figurell: Areas with No Providers Offering 25/3 Service

No Providers with 25/3+ Mbps Service

Fixed Broadband Deployment
Data from FCC Form 477
Data as of June 30, 2018

[221AY3 |0 GKS C2NXY ntt RFEGFE F2N Ot AYSR &SN
premises havemore than one option(Figure12). We note, too, that CenturyLink recently
announced that it would be expanding its fiber service in Portland, among other marketthis

mapwill change over timé?

Figurel2: Number of ISPs Reporting 25/3 Service

Number of Providers with 25/3+ Mbps Service
3
2

-

=0

Fixed Broadband Deployment
Data from FCC Form 477
Data as of June 30, 2018

200 GSLIKSY | FNRes 6/ SyildNE[ Ay R LERIO WwBE ¢ INGhWEVE N AN ¥ (G dzE A
2020, https:/iwww.lightwaveonline.com/fttx/ftth-b/article/14176272/centurylinkexpandsresidentiatbusiness
fiberoptic-network-footprints (accessed June 23, 2020).
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Because this feasibility study focuses on a scenario in which a competitiveditie-premises

network might be built across the County, we ags@luated the availability of 100/10 or greater

service Figurel3). That map shows that not only do most residents have access to cable and

fiber networks, butintheZdzy i @ Qa Y2NB RSyaS [NBlFazx GKS Ol of

Figurel3: Areas with 100/10 Service

Area with 100/10+ Mbps Service

Fixed Broadband Deployment
Data from FCC Form 477
Data as of June 30, 2019

Although broadband is defined as 25/3 for purposes of our broader analysis, we also assessed

the availability of 10/1 service, whidk relevant for some federal grant and loan programs. Most

I NBlF & dzyaSNBWSR gA0K mnkwm | ABEglreld)k and mastkdas/ 2 dzy G
served by 10/1 hve multiple providergFigurelb).
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Figurel4: Areas with No Providers Offering 10/1 Service

No Providers with 10/1+ Mbps Service

Fixed Broadband Deployment
Data from FCC Form 477
Data as of June 30, 2018

Figurel5: Number of I®s Reporting 10/1 Service

Number of Providers with 10/1+ Mbps Service
3
2

-

=(

Fixed Broadband Deployment
Data from FCC Form 477
Data as of June 30, 2018

Drawing on the full range of data we analyzed, we conclude that the County is primarily served
(Figurel6) and that a relatively smatumber of unserved addresses are located in the unserved
areas Figurel?).
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Figurel6: Served Areas

Source: CTC Analysis

Figurel7: Unserved Addresses in the County

Source: CTC Analysis

We evaluated thgeographic presence of individual broadband providers at a relatively high level
using a spoetheck methodology based on jurisdictional boundari®$e checked service
availability and pricing at a range of domly selected addresses and found that residential
broadband services available at each test address are at speeds and prices comparable to other
served markets.
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3 Most Households Are Highly Connected but Lower -Income

Households Are Less So
The Partner Agecies conducted a survey of residents in February of 2020. A key focus of the
adzNpsSe ¢gla (G2 FraasSaa NBaARSyidiaQ AyiSNySa ySSR
speed broadband, and the role of local government is supporting high speedidamdd

3.1 Key Findings
Key survey findings include the following:

1 Householdsare highly connected96 percent of households hasome form of internet
connection. Specifically, 90 percent of residents have home internet service and 84
percent have a cellular/mobile telephone with internet. Odlpercent lack any form of
access to the internet at home.

1 Lowincomehouseholds are left behindLowincomeresidentsare less connected, and
connect at lower speedghan highesincome residentsLowerincome households (less
than $50,000 annual income) are less likely than households with a higher income to have
internetaccess at home or via smartphgri8percent of lowincome households do not
have any internet access. The gap grows waddine internet technologyets fasteronly
11 percentof those earning50,000 or less have fiber optic connections, while the aNer
average is 1percent.

Respondents with just one type of internet connection (either a home internet
connection or a smartphone only) aaésodisproportionately lower incomet percent of

all respondents, and 12 percent of those earning under $50A@@ually, only use a
smartphone for home internet access. This may limit their ability to fuilize online
services at homeRespondents with both types of connections have a higher household
income.

Thelower-income householdthat do have internetconnectonspaythe sameas higher
income earnersHousehold earning $50,000 or less mayaverage the same amount as
the overallaverage, around $70hey are also just as likely to have cablbigher earners
(56 perceni, but they are less likely to have fiber as their primériernet service(11
percentvs. 17 perceni. That said, they are alsouch less likely to have DSL

1 Only four in 10 respondents agreed or strongly agreed that the market currently
provides highspeed internet at prices they can affordsuggesting some need for
affordable broadband internet among a segment of respondents. Just four in 10 are
willing to pay a premium for access to higipeed internet.
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1 Cable is thanost-usedinternet technology, but fiber performs the bestCable modem
(56 percen) is the leading internet service used, while 17 percent of households have
fiber and 17 percent have DSL. Filsesomewhat more prevalent in the greater Gresham,
Fairview, Troutdale, Wood Village as424 percen).

1 Connection reliability ranks as the most important internet service aspactongthe
| 2 dzy (i & Q &ubdcybérsS Mlbveed by price and connectioesg. Internet users are
moderately to very satisfied with their internet service, but the extremely high
importance placed on some factors may signal some willingness to switch providers if
needs are not being met.

Fiber optic providers are better at mert customer expectations for customer service
and price of service, compared with DSL and cable modem providers. The leading provider
types are performing equally as well for connection speed and reliability.

1 Reliability, speed and price can all be factsrin considering switching téiber, but less
likely ifa resident isalready afiber customer Cable modem subscribers are more likely
than those with other internet services to switch their provider and are less likely to
renew their contract. Fibesubscribers are more likely than others to recommend their
provider to someone else.

1 Net neutrality could be a factor in considering switching ISPEhreefourths of
respondents would consider net neutrality when selecting an ISP. Those who reside in the
Gresham, Fairview, Troutdalend Wood Village region would be less likely to consider
net neutrality (57 percent) and are more likely to be unsure (34 percent).

More than onehalf of respondents (53 percent) said that confidence in their service
provider treating all traffic in a net neutral way is extremely important. Importance is
somewhat higher among respondents with an annual household income under $50,000
(76 percent extremely important).

1 Highspeed, reliable broadband at home is increasingly criticdbr work and other
purposes More than onehalf of respondents (55 percent) said their job requires them
to have internet access at home. Those residing in the Gresham, Fairview, Troutdale,
Wood Village region as a whole (49 percent) are less likely te hgob that requires
home internet access, compared with Portland residents (59 percent) and those who live
in unincorporated/other areas of the County (62 percent).

Additionally, 34 percent of Multnhomah County residents telework, 69 percent use the
internet for healthcare services, and 46 percent use the internet for educational
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purposes. With the exception of education, those in the Gresham, Fairview, Troutdale,
Wood Village region expressed lower usage of the internet for these activities.

1 There isstrongsupport for governments to play an active role in delivering broadband
Overall, there is strong support for ensuring access to competitmeted broadband
services. Approximately six in 10 respondents strongly agreed with these statements.
Residens of the Gresham, Fairview, Troutdale, Wood Village region were less likely to
agree that thePartner Agencieshould ensure access to competitively priced broadband
internet services, compared with those who reside in Portland and other areas.

Nearly onehalf of respondents feel théartner Agencieshould build a broadband
network, including 36 percent of respondents who feel tRartner Agencieshould
operate the network. This opinion is somewhat more popular among Portland residents
compared withresidents of other areas.

1 Theappetite for a governmentoperated network likely depends heavily on price point
As mentioned, reliability, speed, and price were rated the most important aspect of
service by far. This was most pronounced for cable subssrilgit when existing
subscribersvere asked theprice point at whichfiber would be desirable, $50 was the
sweet spot. After that, interest faded rapidly with each $10 increm&hts suggests that
the most likely consumers to consider switching wouldcaéle customers, and if the
price is low enough, DSL costumers

While costumers rated reliability and speed higher in importartbe gap between
performance of service and satisfaction of service was highest ontpsieggestinghat

price may be the primg mover in switching decision€Consideringhat a governmert

run network would be aecond third, and sometimes even @ioth entrant into high
speed broadband delivery, it would be difficult to price service at $50 or lower to translate
into aserious onsideration to switch.

1 Supportfor a governmentoperated network isfairly strong countywide, but drops for
the eastside dies (Fairview, Gresham, Troutdale, and Wood Viljagé 6 KS ./ A G A S a
Support for a publicly built and operated network is supported by more than half the
respondentscountywide. That is fairly high, especially considering thia¢oretically,
most of the population has access to higjpeed internet. Conversely, only a quart
oppose that idea outright.

And it is specifically the publicly operated aspect of this apprabahrespondents like.
Support drops a bit if a private entity operates a publicly built and owned network,
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suggesting Multnomah County residents trust pabinstitutions more than private
companies when it comes to delivering an essential utility fairly and effectively.

However, that support is significantly less robust in the Cities toamtywide. Less than
KFEEF GKS / AdASaQ punilydda mode{S2e/chartsiberily2 NI G K S

Figurel8: Support of the County's Role in Broadband Internre€Countywide Respondents

Support of the County's Role in Broadband Internet

Ensure that all residents have access to competitiv:
priced broadband internet services

Ensure that all students have access to competitivi
priced broadband internet services

Ensure that all low-income residents have access|
competitively priced broadband internet service

Build a publicly financed network on which the Coun
and/or Cities offer competitive internet services

Build a publicly financed network on which one or mo
private sector companies can offer competitive intern
services

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Figurel9: Support of the County's Role in Broadband Interng€Citiesonly Respondents
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distribution of fiber-to-the-premisesservice is not uniform. Residents of the Cities are
significantly more likely to haviger than those inPortland, suggesting a government
operated solution would have less support and less appetite for public subsidy in those
areas. And in Portland, much of the inequality in hégleed broadband provision tracks
with low-income populations and areassuggesiigthat a targetedapproach would be
more effective

The/ 2 dzy un@d@raorated areas have the lowest penetrationfibier, but they would

also be the most expensive to buildindthe economics of extendinigoer to those areas
is not terribly favorable. At the same time, a governmeperated network that picks
and choses the areas whichto operaet focusing on areas without fiber competition

would fit poorly into a universal service model of delivery that umpaes support for a
strong government role in equitable broadbapdbvision.
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3.2 Survey Process

A total of 6,666 survey packets were mailed foktss in February to a random selection of
residential households with a goal of receiving at least 800 valid rsgs0 Recipients were
provided with a postag@aid business reply mail envelope in which to return the completed
guestionnaire.

The sample was stratified into three regions, with the goal of receiving 400 questionnaires per
region: 1) Portland, 2) Gresharkairview, Troutdale, Wood Village, andaddher towns and
unincorporated areas. Key comparisons by region are presented in the report.

A total of 1,125 useable surveys were received by the date of anglysisding a gross response

rate of 16.9 perent. The margin of error for aggregate results at the 95 percent confidence level
for 1,125 responses is +2.9 percent. That is, for questions with valid responses from all survey
respondents, one would be 95 percent confident (19 times in 20) that theegumsponses lie
within +2.9 percent of the target population as a whole (roughly 322,000 households in
Multnomah County).

The survey responses were entered into SP&Stware and the entries were coded and labeled.

SPSS databases were formatted, cleanadd verified prior to the data analysis. Address
information was merged with the survey results using the unique survey identifiers printed on
each survey. The survey data was evaluated using techniques in SPSS including frequency tables,
crosstabulations, and means functions. Statistically significant differences between subgroups

of response categories are highlighted and discussed where relevant.

The survey responses were weighted based on the age of the respondent and region. Since older
persons aremore likely to respond to surveys than younger persons, thevegighting corrects

for the potential bias based on the age of the respondent. In this manner, the results more closely
NEFf SOG (GKS 2LIAYyA2ya 2F GKS /2dzydeéQa I RdzZ G LR

Table 7 and Figure20 summarize the sample and population distributions by region and age.

2! statistical Package for the Social Scien¢gp(//www -01.ibm.com/software/analytics/sps¥/
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Table 7: Region of Respondents and Population

Region Population Population % Sample** Sample %
Portland 650,000 79.3% 401 35.9%
Gresham, Fairview, Troutdale, 145,000 17.7% 308 27 6%
Wood Village
Othertowns/unincorporated 25000 3.0% 407 36.5%
areas

Total 820,000 1,116

**Not all respondents provided their age.

Figure20: Age of Respondents and Adult Population
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The following sections summarize the survey findings.
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3.3 Survey Results

The results presented ithis report are based on analysis of information provided by 1,125
respondents from an estimated 322,000 residences in Multhomah County. Results are
representative of the set of householdsith a confidence intervabf £29 percent at the
aggregate level.

'yt Saa 20KSNBAAS AYRAOFGSRE GKS LISNOSydal3IsSa N
GK2aS 6K2 LINPGARSR I RSFAYAOUS FyasgSNI I yR R2 vy
otherwise did not supply an awer because the question did not apply to them. Key statistically

AAIAYATFAOFY G NBadzZ Ga 0L XX nonpld NBE y20SR gKSN

3.3.1 Home Internet Connection and Use

Respondents were asked about their home internet connection types and providers, use of the
internet for various activities, and satisfaction and importance of features related to internet
ASNIDAOSD® ¢KA&A AYF2NNIGAZ2Y LINRPOARSAE QlFtdad ofS A
related communications services.

3.3.1.1 Communications Services

Resmpndentsprovided informationabout the communicatiosservices currently purchased for
their household Asillustrated inFigure21, almost all households have interhaccess, including
nine in 10 with internet service in the home and 84 percent with cellular/mobile telephone
service with internet. Fewer households have cable/satellite television service, landline
telephone service, or cellular/mobile telephone servigighout internet. Overall, 96 percent of
respondents indicated having some internet acaesgher a home connection or via
smartphone.

Figure21: Communication Services Purchased
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As illustrated irFigure22, Portland residents are less likely than residents of other areas to have
cable or satellite television, landline telephone service, or cellular/mobile telephone service
without internet. Notably, the Portland area has a greater share of younger respondents under
age 45 who in turn are less likely to purchase these services.

Figure22: Services Purchased by Region
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Use of internet service is correlatavith household income. Lowémncome households (less than
$50,000 annual income) are less likely than households with a higher income to have internet
access at home or via smartphone, as illustrateBigure23.

Figure23: Services Purchased by Household Income
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As discussed previously, most respondents have some internet access, including 77 percent who
have both home interat service and a cellular/mobile telephone service with internet
(smartphone). Anotheb percent of respondents have a smartphone only (no home internet),
and 13 percent have a home connection only (no smartphone). Total internet access by
demographics iglustrated inTable8.

Table8: Internet Access by Key Demographics

Home Total Total
No Internet Internet Both Home/ Internet Weighted
Service Connection Smartphone Smartphone Access Count

TOTAL 4% 13% 6% 77% 96% 1,125
Respondent Age
18 to 34 years 2% 12% 2% 84% 98% 232
35 to 44 years 1% 7% 2% 90% 99% 353
45 to 54 years 2% 10% 13% 74% 98% 176
55 to 64 years 6% 17% 10% 67% 94% 165
65 years and older 8% 22% 10% 60% 92% 168
Education
HS education or less 12% 19% 14% 55% 88% 156
Two-year college/tech 2% 18% 8% 72% 98% 151
Fouryear college degree 1% 11% 5% 84% 99% 402
Graduate prof, docdegree 2% 9% 5% 83% 98% 386
Household Income
Less than 50,000 13% 23% 12% 52% 87% 180
$50,000 to $74,999 1% 12% 5% 82% 99% 198
$75,000 to $99,999 1% 16% 7% 76% 99% 173
$100,000 to $149,999 0% 11% 2% 87% 100% 224
$150,0000r more 2% 5% 5% 88% 98% 222
Race/Ethnicity
Other race/ethnicity 6% 10% 7% 77% 94% 178
White/Caucasian only 3% 12% 7% 78% 97% 910
Total Household Size (Adults + Children)
1 10% 17% 11% 61% 90% 245
2 1% 11% 6% 82% 99% 483
3 0% 12% 6% 82% 100% 187
4 or more 3% 11% 2% 84% 97% 191
Children in Household
No Children in HH 4% 14% 7% 74% 96% 853
Children in HH 0% 6% 4% 90% 100% 253
Own/Rent Residence
Own 3% 12% 6% 80% 97% 792
Rent 5% 14% 8% 73% 95% 313
Years at Residence
Less than 1 year 5% 20% 3% 2% 95% 136
1to 2 years 1% 11% 5% 84% 99% 152
3 to 4 years 0% 5% 5% 90% 100% 216
5 or more years 5% 14% 8% 74% 95% 600
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3.3.1.2 Importance of Communication Services

Respondents were asked indicate theimportance of various communicatiagervices to their
household, using a scale where 1 =Not at all important and 5=Extremely important. The mean
importance of various service aspectslisstrated inFigure24, while detailed responses are
illustrated inFigure25.

Figure24: Importance of Communication Service Aspe¢kdean Ratings)
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Figure25: Importance of Communication Service Aspects

100%

90%
80%
70%
60% m 5 - Extremely important
50% m 4 - Very important
40% u 3 - Moderately important
30% | 2 - Slightly important
20% m 1 - Not at all important
10%

0%

Cellular/mobile Internet High-speed Premium cable Fixed (land-line)
telephone  connection (any internet television service telephone
service speed) connection service

38



Multnomah County Broadband Feasibility Study | September 2020

Cellular/mobile telephone and internet services are extremely important to respondents, while
premium cable television service and fixed (landline) teleghservice are significantly less
important. Specifically, 81 percent said cellétaobile phone servicés extremely important, and

74 percent said an internet connection of any speed is important. Another 62 percent of
respondents said highpeed internets extremely important.

Figure26: Importance of Communication Services by Respondent Age
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Figure27: Importance of Communication Services by Household Income
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Figure26 and Figure27 illustratethe importance of higkspeed internet servicby the age of the
respondent and by household income. The importance of internet services is slightly lower for
older and lowefincome households compared with their counterparts.
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3.3.1.3 Internet Services Purchased

Respondents were askebout their purchasef internet services for their home. As shown in
Figure28, amajority of homes (96 percent) reported having home internet service, consistent
with 96 percentreporting internet access via a home connection or via a smartphone in Question
1. Cable modem (56ercen is the leading internet service used, while 17 percent of households
have fiber and 17 percent have DSL. Fiber is somewhat more prevalent in #dtergeeesham,
Fairview, Troutdale, Wood Village area ($egure29).

Figure28: Primary Home Internet Service
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Figure29: Primary Home Internet Service by Region
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3.3.1.4 Internet Service Aspects

Home internet subscribers were asked to evaluate their satisfaction with various internet service
aspects. This was compared with importance ratings given for tisesee aspects. The
importance and satisfactiofevels among internet users are compared in the following tables
and graphs.

3.3.1.4.1 Importance

Respondents rated connection reliability as the most important home internet service aspect,
with almost nine in 10 sayingis extremely important, as shown irable9. Approximately six

10 said price of services and connection speed are extremely important. Thg abitiundle

with television and phone service is not important compared with other service aspects.

Table9: Importance of Internet Service Aspects

Service Aspect Mean Percentages

Speed of Connection 44 | [e% 32% - 8%
Reliability of Connection 49 || 0% ew
Price of Services 44 || 14%  25% | &%
Overall Customer Service 40 |PE% 32% 3%
Ability to Bundle with TV and Phone 2.0 | NG 5900 16% 7% 08%

1 - Not at all important ® 2 - Slightly important ™ 3 - Moderately important
4 - Very important = 5 - Extremely important

3.3.1.4.2 Satisfaction

Overall, respondents are very satisfied with speed and reliability of their internet connection, as
shown inTablel0. They are lessatisfied with price, customer séce, and ability to bundle with

TV and phone service. The lower satisfaction levels could indicate a desire for improved service
offerings or a willingness to switch internet service providers if needs are not being met.

Tablel0: Satisfaction with Internet Service Aspects

Service Aspect Mean Percentages

Speed of Connection 39 | Jaw  25% 43% o 21%
Reliability of Connection 39 Hew 19% 43% - 28%
Price of Services 28 | e 22% 3% 19% | 9%
Overall Customer Service 30 | 6% 18% = 337% 26% | 8%
Ability to Bundle with TV and Phone 2.8 | [IESE% 1 42% 0 18w S

1 - Very dissatisfied m 2 - Slightly satisfied ™ 3 - Moderately satisfied
4 - Very satisfied m 5 - Extremely satisfied
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3.3.1.4.3 Performance

[ 2YLI NARy3 NBaLRyRSydaQ adliSR AYLRNIFYyOS |yR
evaluation of how well internet service providers are meeting the needs of customerki(gae

30). Aspects that have higher stated importance than satisfaction can be considered areas in
need of improvement. Aspects that have higher satisfaction than importance are areas wh

the market is meeting or exceedi@dza (i 2 Y S NEo®evef, & shBukd de cautioned that the
extremely high level of importance placed on some aspects (such as reliability) may make it nearly
impossible to attain satisfaction levels equal to importahevels.

Figure30: Importanceof and Satisfaction withnternet Service Aspects
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The difference betweemmportance and satisfaction of home internet aspects is also presented
in the "gap" analysis table (sd@@&blell). The largest gaps between importance and performance
is for price of services, followed by reliability of connection and overall customer service. The
ability to bundle exceeded expectations, given the low importance placed on this service aspect.

TablellY LYy dSNYSG { SNBAOS ! aLl8OG aDFLE ! ylI

Mean Mean - GAP  Customer
Satisfaction Importance <=> Expectations
Price ofServices . . . Not Met
Reliability of Connection 3.9 4.9 -1.0 Not Met
Overall Customer Service 3.0 4.0 -1.0 Not Met
Speed of Connection 3.9 4.4 -0.6 Not Met
Ability to Bundle with TV Service 2.8 2.0 0.8
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The importance scores anmkrformance scores were plotted to help visually determine areas in
whichinternet service providers areothg well and areas that might need improvemekigure

3102 YLJ NB a

GKS AYLERNIIYyOS I'yR
importance is higher than satisfaction are above the equilibrium line and are defined as
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with costs is typically low. Reliability, connection speed, and customer service are other under
performing service areas. The low satisfaction levels could indécdgssire for improved service

offerings or a willingness to switch internet service providers if needs are not being met.
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Specifically, fiber optic subscribers have a higeegel of satisfaction with price of services and
overall customer service, compared with DSL and cable modem users (the leading connection
types in the market area) as shown kigure33. DSL users are somewhat less satisfied with
connection speed, but this service aspect is also less important to them compared with other
internet subscribers (seigure32).

Figure32: Importance of Internet Service Aspects by Primary Home Internet Service
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Figure33: Satisfaction with Internet Service Aspects by Primary Home Internet Service
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As indicated above and illustrated Table12, fiber optic providers are better meeting customer
expectations compared with DSL and cable modem providers for custeaneice and price of
service. The leading provider types are performing equally as well for connection speed and

reliability.

Table1l2: Gap Index Score by Primary Home Internet Service

Satisfaction / Importance Gap Index*

Connection Connection Price of Service Customer Ability to

Speed Reliability Service Bundle

DSL 86% 78% 67% 7% 171%

Cable modem 88% 80% 59% 72% 131%

Fiber 88% 81% 76% 89% 177%

ISP Average 87% 79% 64% 76% 142%
*Percent of expectations met Satisfaction / Importance

The importance placed on price of services is correlated with household income. The overall
satisfaction level with this service aspect does not vary significantly by income; however, lower
income households have a larger gap in expectations given thethigiportance placed on this

item (seeFigure34).

Figure34: Importanceof and Satisfaction with Price of Internet Service by Household Income
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3.3.1.5 Internet -Enabled Devices

Respondents were asked to indicate the number of personal computing devices and other smart
devices they have in the home. Almost all respondents with internet service have a personal
computing device, and 25 percent have sewnmore devices in the home. Additionally, 87
percent of connected respondents have other smart devices in the homeHRigeee35 and
Figure36).

Figure35: Number of Personal Computing Devices
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Figure36: Number of Other Smart Devices
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Saturation of personal computing devices and other interaeabled devices is high among
households with multiple members. Households with at least four members are significantly
more likely than smallehouseholds to have at least seven personal computing devices.-Three
fourths of households with one member have one to three personal computing devices, and they
are less likely than larger households to have any other smart device§i(ee37 and Figure

398).

Figure37: Number of Personal Computing DevicesHome by Household Size
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Figure38: Number of Other Smart Devices in Home by Household Size
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Lowerincome households have somewhat fewer intersgtabled devices than do higher
income households, as shownkigure39 and Figure40.

Figure39: Number of Personal Computingevices in Home by Household Income
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Figure40: Number of Other Smart Devices in Home by Household Income

100%
90%
80%
70%
60%
50% m 5 or more

40% m3or4

300/0 ] 1 [0} 2
| NOI’]e

20%

10%

0%
Less than $50,000 $50,000 to $75,000 to $100,000to  $150,000 or more
$74,999 $99,999 $149,999

48



Multnomah County Broadband Feasibility Study | September 2020

3.3.1.6 Cost of Internet Service

AsFigure4lillustrates 17 percent of subscribers pay over $100 per month for home internet,
with the estimated monthly average cost for internet service being $71. Cable modem

subscribers pay more per month on average compared with other internet services.
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Lowincome households pay an estimated average monthly price of $70 for internet service. Just
one percent of those earning under $50,000 per year receive free internet service, while one
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Figure41: Monthly Price for Internet Service
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Figure42: Monthly Price for Internet Service by Household Income
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Nearly onehalf of cable modm subscribers (37 percent of all internet subscribers) said their
monthly internet fee is part of a bundled service ($6gure43). Estimated monthly prices for
bundled and unbundled services are showikrigure44. As would be expected, bundled services
cost more in total than do unbundled services

Figure43: Monthly Internet Fee Is Part of Bundled Service
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Figure44: Estimated Average Monthly Price for Bundled and NBandled Internet Service
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3.3.1.7 Speed of Internet Service

Overall, most internet SUBBNA 6 SNBE Ay GKS YIN]SG FNBIF KIFI@S ayvy
according to respondents. Fibeptic subscribers were more likely than DSL and cable modem
RSAONAOSNE (2 RSAONAROGS (Rg8Bl) O2yySOlA2Yy & 4o

Figure45: Internet Speed (Respondent Opinion) by Primary Home Internet Service
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Lower income households were more likely than others to describe their internetdpéed a a f 2 6 €
2N 6 OSNE at2¢63s¢é |fGK2dAK GKS YIF22NAdGé KIF @S ay
(seeFigure46).

Figure46: Internet Speed (Respondent Opinion) by Household Income

100%
90%
80%

70%
60% m Very Fast
50% m Fast
400 ® Medium

0
H Slow
30%
H Very Slow

20%
10%

0%
Less than $50,000 $50,000 to $75,000 to $100,000to  $150,000 or more
$74,999 $99,999 $149,999

51



Multnomah County Broadband Feasibility Study | September 2020

3.3.1.8 Customer Loyalty

Respondents were asked a series of questions to help assess customer loyalty, including
likelihood of recommending their internet service provider, litkeod of renewing their contract,

and likelihood of switching providers if an alternative provider were less expensive. The average
likelihood scores ardlustrated inFigure47, while detailed responses are illustratedrigure48.

Figure47: Likelihood of Recommending, Renewing, or Switching Providers (Mean Ratings)
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Figure48: Likelihood of Recommending, Renewing, avihing Providers
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Overall, customers are moderately loyal to their provider, with a mean loyalty score of 3.2 and a
median of 3.0 (averagscore given to all three rating items on a scale of 1 t&5).

Forty-five percent of respondents would be very extremely likely to switch providers if an
alternative provider were less expensive. Six in 10 are very or extremely likely to renew their
contract with their current internet service provider, but only four in 10 are very or extremely
likely to recommendheir provider.

Figure49: Likelihood of Recommending, Renewing, or Switching Providers by Connection
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As illustrated inFigure49, cable modemsubscribers are more likely than those with other
internet services to switch their provider and are less likely to renew their contract. Fiber optic
subscribers are more likely than others to recommend their provider to someone else.

22The loyalty scores were calculated by taking éverage of all three aspects (recommend, renew, switch). When
calculating the score, the likelihood of switching scale was reversed so the higher score represents greater loyalty
or less likelihood of switching.
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3.3.1.9 Internet Uses

Resmndents were asked about their use of their home internet connection and of their cellular/
mobile internet connection for various activities, as illustrate&igure50 andFigure51. Among

those items listed, the home internet connection is most frequently used for shopping online,
banking or paying bills, and streaming video. Almost all respondents do these activigestat
occasionally. A home internet connection is also used by most subscribers for social media and
streaming music. It is less frequently used for other activities.

Figure50: Home Internet Connection Use for Various Activities
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A smartphone is used most frequently for social media, shopping online, streaming music, and
banking or paying bills, as showrHigure51. A sizeable segment acdspondents frequently uses
a cellular/mobile internet connection for other activities.

Figure51: Cellular/Mobile Connection Use for Various Activities
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Respondents are far less likely to use a cellular/mobile connection than a home internet
connection for many of the activities listed, except for streaming music, playing online games,
using social media, and accessing home security and similar delvigase52 compares the

percentage of respondents by connection type who ever use their connection for key activities.

Figure52: Internet Connedbn Ever Used for Various Activities by Connection Type

Streaming music 87%

I
3
S

Streaming video 5 92%

e
B

49%
44%

Playing online games

67%

Connecting to a work compute 5206

87%
86%

Using social media

96%

s
E3

Shopping online 3

37%
0%

Running business from a hom 3

79%

Accessing educational resourc
9 57%

80%

Accessing government informatio 59%

: : : 79%
Accessing medical service 63%

Banking or paying bills 94%

7%

39%
36%

Accessing home security, et

76%

Accessing cloud-based file storage and shari 66%

0% 20% 40% 60% 80% 100% 120%
Percent Occasionally/Frequently Using Connection

H Home Internet ® Cell Phone

56



Multnomah County Broadband Feasibility Study | September 2020

3.3.1.9.1 Internet Usesby Income Groups

Households earning under $50,000 per year are less likely than higher income houseleoigls to

use theirhome internet connectiofor key activities, such as streang music, streaming video,
connecting to a work computer, accessing medical services, banking or paying bills, accessing
home security and similar devices, and accessing dbased file storage and sharing (dagure

53). Keep in mind that the lowncome cohort has a higher share of respondents ages 65+ (one
fourth are 65 or older).

Figure53: Home Internet Connection Evéssed for Various Activities by Household Income
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Similarly, households earning under $50,000 per year are less likely than higher income
households teeveruse theircellular/mobile internet connectiofor streaming music and video,
playing online gamegonnecting to a work computer, online shopping, accessing home security
and similar devices, and accessing ckaded file storage and sharing (deigureb4).

Figure54: Cellular/Mobile Connection Ever Used for Various Activities by Household Income
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3.3.1.9.2 Smartphone User Segments

Individuals were classified into or Figure55: Smartphone User Segments
of three groups, based on the Infrgquent
ser

overall usage of a smartphone fi

13%
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Figure56: Smartphone Activity for Frequent Users
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Usage is highly correlated with age of respondent. Most frequent smartphone users are ages 18
to 44.Tablel3shows the demographic profile of the various segments of smartphone users.
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Table13: Demographic Profile of Smartphone User Segments

Infrequent Moderate Frequent Total

User User User
Internet Service in | None/noresponse 2% 1% 1% 4%
Home Home Internet Connection 26% 11% 9% 13%
Smartphone 5% 7% 4% 6%
Both Home/Smartphone 67% 82% 87% 7%
Total 129 468 397 1125
Respondent Age 18 to 34 years 3% 23% 26% 21%
35 to 44 years 16% 31% 43% 32%
45 to 54 years 10% 20% 15% 16%
55 to 64 years 27% 13% 10% 15%
65 years and older 43% 13% 6% 15%
Total 123 459 393 1094
Highest Level of HS education or less 20% 9% 14% 14%
Education Two-year college or technical 14% 13% 14% 14%
degree
Fouryear collegalegree 34% 38% 39% 37%
Graduate degree 31% 40% 33% 35%
Total 121 460 393 1095
Household Income @ Less than $50,000 20% 13% 16% 18%
$50,000 to $74,999 26% 17% 24% 20%
$75,000 to $99,999 13% 21% 15% 17%
$100,000 to $149,999 28% 22% 22% 22%
$150,000 or more 13% 28% 23% 22%
Total 99 417 370 997
Race/Ethnicity Other race/ethnicity 8% 16% 19% 16%
White/Caucasian only 92% 84% 81% 84%
Total 121 460 391 1089
Children in No Children in HH 94% 75% 2% 7%
Household Children in HH 6% 25% 28% 23%
Total 125 463 394 1106
Own/Rent Own 81% 77% 66% 72%
Residence Rent 19% 23% 34% 28%
Total 126 460 394 1105
Years at Current Less than 1 year 5% 15% 11% 12%
Residence 1to 2 years 8% 13% 16% 14%
3 to 4 years 17% 19% 26% 20%
5 ormore years 71% 52% 47% 54%
Total 124 462 393 1104
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Key points:

1 Nearly threefourths of infrequent smartphone users do have a smartphone;-tmueth
have only a home internet connection. Nearly nine in 10 frequent smartphone users have
both homeinternet and a cellphone.

1 Seven in 10 frequent smartphone users are ages 18 to 44. Seven in 10 infrequent
smartphone users are ages 55+.

1 Similarly, infrequent cell phone users are less likely to have children in the household and
are somewhat less educateglthough twothirds have at least a fowyear college
degree). Nearly ondalf of infrequent users earn under $75,000 per year.

3.3.1.10Net Neutrality

As illustrated inFigure57, threefourths of respondents would consider net neutrality when
selecting an ISP. Those who reside in the Gresham, Fairview, Troutdale, Wood Village region
would be less likely to consider net neutrality and are more likely to be unsure.

Figure57: Would Consider Net Neutrality When Selecting ISP
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Tworthirds of respondents with a home internet connection only, plus tHi@aths of those
with both a home internet connection and a smartphone, would consider net neutradit
selecting an ISP. Four in 10 respondents with a smartphone only were unsufageeshs).
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Figure58: Would Consider Neleutrality When Selecting ISP by Internet Connection
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Respondents were asked their willingness to switch their current ISP to a net neutral ISP for $15
more than their current paymentOverall, respondents would be moderately willing to switch
with a meanrating of 2.7 and a median of 3.0 on a scale where 1=Not at all willing and
5=Extremely willing. Specifically, 27 percent of respondents would be very or extremely willing
to switch, as shown ifrigure59. Four in 10 of those who reside in the Gresham, Fairview,

Troutdale, Wood Village region would be not at all willing to switch.
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Figure59: Willingness to Switch to a Net NeutrébP for $15 More
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Additionally, younger respondents and those with a fiber connection (who are somewhat
younger on average) would be more likely to switch to a net neutral ISFF{gee60andFigure
61).

Figure60: Willingness to Switch to a Net Neutral ISP for $15 More by Home Internet Service
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Figure61: Willingness to Switch to a Net Neutral ISP for $15 More by Respondent Age
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Those earning under $50,000 per year would be less likely to switch to a net neutral ISP for $15
more, as shown ifrigure62.

Figure62: Willingness to Switch to a Net Neutral ISP for $15 More by Household Income
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3.3.1.11Home Internet Features
Respondents were asked to evaluate the important®arious features of their home internet

service. The mean importance ratings are shawfigure63, while detailed responses are shown
in Figure64.

Figure63: Importance of Home Internet Features (Mean Ratings)
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Figure64: Importance of Home Internet Features
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The most importanhome internet feature among those evaluated is confidence that ISP does
not sell data, with 64 percent saying this aspect of service is extremely important. More than
one-half of respondents said that confidence in service provider treating all tratioet neutral

way is extremely important. The ability to bundle with other services is the least important
feature, with nearly six in 10 respondents saying it is not at all important or slightly important.

Figure65: Importance of Home Internet Features by Internet Connection
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Internet service features are more important among respondents with some home internet
connection compared with those with a smartphone only, as showrignre65. Additionally,
certain features (ability to choose from multiple service providers, ability to buy internet service
with very high connection speeds, and ability to buy internet service with syntagtonnection
speeds) are less important to respondents ages 65+Kgpee66).

Figure66: Importance of Home Internet Features by Respomiége
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Respondents earning under $50,000 per year placed more importance on confidence in ISP
treating all traffic in a net neutral way, compared with respondents with a higher household
income (sed-igure67).

Figure67: Importance of Home Internet Features by Household Income
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3.3.2 Television and Telephone Service
Respondents were asked to indicate what television and telephone services are used,as well
cost of services.

3.3.2.1 Television Service

Fifty-eight percent of respondents stream television over the internet, and 33 percent have cable
television. Much smaller shares of the market have antenna dwesir) service (2percen)

or satellite/Dish or Dect TV service (@ercen. Just four percent do not watch television (see
Figure68).

Figure68: Types of Television Service in Home
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Portland residents are more likely than residents of other areas to stream over the internet or
have antenna television, and they are less likely to subscribe to cable or satellite television service
(seeFigure69). Additionally, those who subscribe to fiber internet service are more likely than
other internet subscribers to stream television over the internet, as illustratdelgnre70.

The use of television service is also correlated with respondent age. Older respondents are less
likely to stream over the internet, and they are more likely to subscribe to cable TV compared
with younger respondents (sdégure71l).
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Figure69: Types of Television Service in Home by Region
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Figure70: Types of Television Service in Home by Primary Home Internet Service
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Percent of Households with Service
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Figure71: Types of Television Service in Home by Respondent Age
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The estimated average monthly price for satellite/Dish or DirecTV service is $87, withhraore t
four in 10 paying over $120 per monts illustrated irfFigure72. The estimated average monthly

price is slightly higher for cable and satellite services, whilsdtvaho have multiple services pay
an estimated average of $72 per month.
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Figure72: Monthly Price of Cable or Satellite TV by Service
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3.3.2.2 Telephone Service

Respondents were asked about their home and mobile telephone services. Nearly nine in 10
respondents have a cellular/mobile telephone ($@gure73). Portland residents are somewhat
more likely than residents of other areas to have a cellphone sgere74). Just a small share

of respondents has other types aflephone service.

Figure73: Home Telephone Service(s)
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Figure74: Home Telephone Service(s) by Region
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As shown irFigue 75, usage of cellular/mobile wireless telephone service is lower among those
ages 65+ compared with young respondents, while usage of landline telephone service is higher.
Still, cellular/mobile is the leading service across all age cohorts.

Figure 75: Home Telephone Service(s) by Respondent Age
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3.3.3 Internet Use for Jobs/Careers

More than onehalf of respondents said their job requires them to have internet access at home
(seeFigure76). Those residing in the Gresham, Fairview, Troutdale, Wood Village region as a
whole are less likely to have a job that requires home internet access, compared with Portland
residents andhiose who live in unincorporated/other areas of the County.

Figure76: Job Requires Homes Internet Access
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As illustrated irFigure77, respondents under age 65 are more likely than those ages 65+ to have
a job that requires internet access from home.

Figure77: Job Requires Homes Internet Access legpondent Age
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Those earning $100,000 or more per year are more likely than those with a lower household
income to have a job that requires internet access (Begire78). Approximately four in 10 of

those earning less than $50,000 need internet access for a job. Although lower income groups
have a higher proportion of individuals ages 65 years and older, across age cohorts higher income
individuals have a greater neefbr home internet access compared with lower income
households.

Figure78: Internet Access Required for Job by Household Income
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As shown inFigure79, 34 percent of respondents indicated that someone in their household
already teleworks from home, and another 13 percent would like to telework. Those residing in
the Gresham, Fairview, Traddle, Wood Village region are less likely than others to currently
telework.

Figure79: Household Member Teleworking
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Respondents ages 35 to 54 are more likely than younger and older respondents to telework (see
Figure80). Additionally, the percentage of households with a member who teleworks increases
as household income increases, going from one in 10 households earning under $50,000 per year
to six in 10 households earning $150,000 or more per yearKgpee81l).

Figure80: Teleworking Status by Respondent Age
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Figure81: Teleworking Status by Household Income
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Onefifth of respondents have a hordeasedbusinessand seven percent arglanning to start
one within the next three years, as illustratedrigure82.

Figure82: Own or Plan to Start a HomBased Business
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As shown irFigure83, respondentsages 35 to 54 years are more likely than older and younger
respondents to either have a hom®msed business. Another 11 percent of those ages 35 to 44
years would like to start a hordgased business.

Figure83: Own or Plan to Stara HomeBased Business by Respondent Age
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A highspeed data or internet connection is extremely important for most of those who
telework or would likeo telework (86 percent) and for those with a planned or existing home
based business (79 percent),s®own inFigure84 and Figue 85. Intuitively, those who do not
telework or have a planned/existing horliased business find the need for higbeed internet
for these aspects to be less important.

Figure84: Importance of HighSpeed Internet for Teleworking
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Figue 85: Importance of HighSpeed Internet for HoméBased Business
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3.3.4 Internet Use for Healthcare

Respondents werasked if they or a household member use an internet connection to access
healthcare services at home. Overall, 69 percent of households have a member who accesses
healthcare services via their home internet connection, with usage highest in Portland caompar
with other areas (se€igure86).

Figure86: Use Internet to Access Healthcare Services at Home
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Respondents ages 55 anttler are less likely than younger respondents to have a household
member who accesses healthcare services via the internetHgpee87).

Figure87: Use Internet to Access Healthcare Services at Home by Respondent Age
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As illustrated irFigure88, onefourth of respondents frequently use the internet to check online
medical records, and 58 percent occasionally check online medical records. Approximately one
half of respondents at leasbccasionally use the internet to send medical data or to
manage/apply for insurance or government healthcare benefits. Only a small share of
respondents use their home internet connection for other healthcare related purposes.

Figure88: Frequency of Internet Use for Healthcare Services
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As illustrated irnFigure89, usage of the internet for various services tends to be lower for older
respondents.

Figure89: Internet Use for Healthcare Services by Respondent Age
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Intuitively, those who access the internet for healthcare services placed greater importance on
having a higkspeed internet connection for their healthcareeds, compared with those who
do not use the internet for this purpose (ségure90).

Figure90: Importance of HigkSpeed Internet Connectiofor Healthcare Needs
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3.3.5 Internet Use for Education

Respondents were asked if they or a household member use an internet connection for
educational purposes, such as completing assignments, research, or study related to coursework
or formal education Overdl, 46 percent of respondents reported using the internet for
educational reasons (sddgure91l). Just five percent of all respondents (or 11 percerthoke

who use the internet for education) use the internet for homeschooling.

Figure91: Use of Internet for Educational Purposes
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Use of the internet for educational purposes is significantly lower for respondents ages 65+ (see
Figure92).

Figure92: Use ofinternet for Educational Purposes by Respondent Age
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Use of the internet for educational purposes is also correlated with the number of people residing
in the household (se€&igure93). Three in 10 respondents who live alone use the internet for
educational purposes, compared with 71 percent of respondents in households with four or more
people.

Figure93: Use of Internet for Educational Purposéy Household Size
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Nearly twothirds of households with children use the internet for educational purposes, as
shown inFigure94.

Figure94: Use of Internet for Educational Purposes by Children in Household
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Respondents use the internet across a range of education levels. Among those who use the
internet for educational purposes, 53 percent use it for continuing/adult education Fsgae

95).
Figure95: Education Level for Which Internet Connection Is Used
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Portland residents are less likely than those who reside in the Greshamview, Troutdale,
Wood Village region to use the internet for early childhood, primary, or secondary education,
and they are more likely to use the internet for continuing/adult education &gere96).

Figure96: Education Level for Which Internet Connection Is Used by Region
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Use of the internet for educational purposes is related to presence of children inoiineehold,

as might be expected, particularly for early childhood, primary, and secondary education needs.
Those without children in the home are more likely to use the internet for jgoatiuate,
graduate, or continuing education (ségure97).

Figure97: Education Level for Which Internet Connection Is Used by Children in Household
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Similarly, use of the internet for educational purposes isreated with respondent age, as
illustrated inFigure98. Respondents between ages 45 to 54 are more likely than older and
younger respondents to use the internet for mary and secondary education, and they are less
likely to use the internet for graduate and continuing education.

Figure98: Education Level for Which Internet Connection Is Used by Respondent Age
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Among those who use the interbhdor educational purposes, 38 percent said a hagieed
internet connection is extremely important and 36 percent said it is very important for their
education needs (se€igure99). Importance of higispeed internet for education needs is
greater among residents of the Gresham, Fairview, Troutdale, Wood Village region, compared
with residents of Portland and other areas.

Figure99: Importance of HigkSpeed Internet for Education Needs
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3.3.6 High-Speed Broadband Market and the Role of the Government

Respondents were asked their opinions about thke of the Countyor the eastsideO A ( A S &
Citieg in providing or promoting broadband communications services within the dfigaire
100illustrates the mean ratingsvhile Figurel01provides detailed responses to each portion of
the question

Figure100: Opinions About the Role(s) for Multhomah County atite Cities (Mean Ratings)
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Overall, there is support for ensuring access to competitipelyed broadband services, for all
residents, students, and loimcome residents, with approximadsesix in 10 strongly agreeing.
Onethird strongly agreed th@artner Agencieshould provide build a publicly financed network
on which thePartner Agencie®ffer competitive internet services, and ofieurth strongly
agreed thePartner Agencieshould buld such a network on which private sector companies
could offer internet services.

As illustrated irFigure102 residents of the Gresham, Fairview, Utaale, Wood Village region
were less likely to agree that tHfeartner Agencieshould ensure access to competitively priced
broadband internet services, compared with those who reside in Portland and other areas.

Figure102 Opinions About the Role(s) for Multnomah County aride Cities by Region
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Respondents were also asked their opinion of the current broadband market. Overall,
respondents moderately to strongly agreed with most statements. Agreement was somewhat
lower for the market offering highspeed internet at prices they can afford and willingness to pay
a premium for access to higgpeed internet. The average agreement with broadband availability
statements are shown irFigure 103 Detailed responses to statements about broadband
availability are illustrated ifrigurel04.

85



Multnomah County Broadband Feasibility Study | September 2020
Figure103 Opinions About the Broadband Internet Market (Mean Ratings)
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Among the factors listed, respondents were most likely to agree that the aiudiladf high
speed internet is a factor when starting a hotibbased business (64% agree or strongly agree) or
when choosing where to live (56% agree or strongly agree), and thaspiegd home internet

is important for their work/job (61% agree or stroggigree).

At the same time, only four in 10 agreed or strongly agreed that the market currently provides
high-speed internet at prices they can afford, suggesting some need for affordable broadband
internet among a segment of respondents. Just four inr&dvlling to pay a premium for access

to high-speed internet.

Residents of the Gresham, Fairview, Troutdale, Wood Village region were less likely than
residents of Portland and other areas to agree that the availability of-sjgied internet is a
factorthey would consider when starting a horAvased business, that higgpeed home internet
service is importance for their work/job, and that they would be willing to pay a premium for
access to higispeed internet (se€&igurel05).

Figure105: Opinions About the Broadband Internet Market by Region
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As illustrated irFigurel06, respondents ages 65+ were less likely to agree with statements about
broadband internet service. Also, agreement with the availability of affordable-$pgled
internet and the willingness to pay a premium for access to-Bjgged internet was lower for
those earning less than $50,000 per year (Begirel07).

Figurel06: Opinions About the Broadbanthternet Market by Respondent Age
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Figurel07: Opinions About the Broadband Internet Market by Household Income
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Respondents were asked their opinion on the main role for the County arlkdéo€ities with
respect to broadband accesAs shown inFigure108 nearlyone-half of respondents feel the
County/Cities should build a broadband network, including 36 percent of respondents who feel
the County/Cities should operate the network. This opinion is somewhat more popular among
Portland residents compared with residsrof other areas. Just six percent of respondents said
the County/Cities should have no role in broadband access, and 23 percent were unsure.

Figurel08 Role ofPartner Agenciesvith Respect to Broadband Access
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Respondents undeage 35 expressed more support than did older respondents foPtmner
Agenciego build a broadband network (sdeigurel109).

Figurel09 Role of Partner Agenciesvith Respect to Broadband Access by Respondent Age
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3.3.6.1 Willingness to Purchase High-Speed Internet Service

Respondents were asked if they would be willing to purchase 1 Gbpspégu internet service
for various price levelérom another commercial service provider. The mean willingness to
purchase across this array of questionglisstrated inFigure110, while detailed responses are
illustrated inFigurelll

Figure110 Willingness to Purchase 1 Gbps Internet from Commercial Service Provider
(Mean Ratings)
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is high at $50 per month, but it drops considerably as theepmcreases. The mean rating falls

to 3.4 at a price point of $70 per month and 2.5 at a price point of $90 per month (slightly to
moderately willing).

From another perspective, 74 percent of respondents are extremely willing to purchase 1 Gbps
internet for $50 per month, dropping to 34 percent at $70 per month and 15 percent at $90 per
month.

The willingness to purchase higpeed internet service from another commercial provider is
somewhat lower in the Gresham, Fairview, Troutdale, Wood Village régrionost price points
(seeFigurell?).

Figurel12 Willingness to Purchase 1 Gbps Internet from Commercial Service Provider
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The willingness topurchase higkspeed internet service isalso correlated with some
demographic characteristics of the respondents, includiogsehold income (seEigurel13).
The likelihood of purchasing higipeed internet tends to increase as household income
increases.

Additionally, households with just one member would be less likely to purchagespeed
internet servicerom another commercial provider (séggurelld).
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Figure113 Willingness to Purchase 1 Gbps Internet Service franother Commercial Provider by
Household Income
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Figurell14: Willingness to Purchase 1 Gbps Internet Service from Another Commercial Provider by
Household Size
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Respondents were also asked if they would be willing to purchaSes internet service at
various price levels from the County and/or Cities. The mean willingness to purchase across this
array of questions iglustrated inFigurell5, while detailed responses are illustratedrigure

116.

Figurell5 Willingness to Purchase 1 Gbps Internet from tRartner AgenciegMean Ratings)
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Respondents would be extremely willing to purchase fsgbed internet from thePartner
Agenciedor $50 per month, but willingness drops considerably at higher price points. Willingness
to purchase does not vary significantly whether it was offered bytre@rocommercial service
provider or by the County and/dhe Cities (seé-igurell?).

Figurell7: Willingness to Purchase 1 Gbps Internet atridas Price Levels by Provider
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The willingness to purchase higpeed internet service from the County is somewhat lower in
the Gresham, Fairview, Troutdale, Wood Village region for most price point&i(aael119).

Figurel18 Willingness to Purchase 1 Gbps Internet Service fi@artner Agenciedy Region
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The likelihood of purchasing higipeed internet tends to increase dsusehold income
increases (seBigurell9). Additionally, households with just one member would be less likely to
purchase higkspeedinternet servicefrom the CountyseeFigurel20).

Figurel19 Willingness to Purchase 1 Gbps Internet Service fi@artner Agencies
by Household Income
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3.3.7 Respondent Demographics

Basic demographic information was gathered from survey respondents and is summarized in this
section. Several eoparisons of respondent demographic information and other survey
guestions were provided previously in this report.

As indicated previouslin Figure 1 regarding ageeighting,disproportionate shares of survey
respondents were in thelderage cohortsrél 0 A @S (i 2  ddt Populadicaivysindvinie.
Approximately45 percent d survey respondents are ages 65 and older, compared with 15
percent of the population. Conversely, only 20 percent of survey respondents are ages 18 to 34,
compared with 53 peraa of the population (sed-igure12l). The weighted survey results
presented in this report are adjusted to account for these differences and to provide results that
FNE Y2NB NBLINBaSyidGlraGdA@S 2F GKS [/ 2dzydeQa LI Ll

Figurel21 Age of Respondents and Multnomah County Adult Population
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Table 14 highlights the demographic characteristics of survey respondents, broken out by
respondent age. Respondents ages 35 to 54 years are more likely than older and younger
respondents to have children in the household. Approximately three in 10 nelgds ages 35

to 54 years have four or more household members. Respondents ages 18 to 34 years of age are
more likely than older respondents to be renters. As may be expected, respondent age is
correlated with years lived at residence. Four in 10 respotglages 18 to 34 have lived at their
residence for less than one year, while 84 percent of respondents ages 65+ have lived at their
residence for five or more years. Respondents ages 65+ have a somewhat lower household
income, with three in 10 earning ued $50,000 per year. Ordird of those ages 55+ live alone.
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Table14: Demographic Profile by Respondent Age

| Age Cohort 1834 3544 4554 5564 65+  Total
Highest level = Some high school 1% 1% 0% 1% 2% 1%
of education completed high school 9% 14% 12% 16% 15% 13%
Twoyear college or technical degree 8% 11% 20% 17% 18% 14%
Fouryear college degree 49% 36% 35% 35% 23% 37%
Graduate degree 32% 38% 33% 31% 41% 35%
Weighted Count 232 353 176 164 167 1095
Approximate | Less than $25,000 2% 6% 2% 10% 9% 6%
annual $25,000 to $49,999 14% 9% 6% 13% 22% 12%
L‘%‘frggo'd $50,000 to $74,999 26% 15% 17% 22% 23% 20%
$75,000 to $99,999 17% 19% 12% 18% 20% 17%
$100,000 to $149,999 24% 25% 27% 14% 18% 22%
$150,000 to $199,999 4% 11% 15% 10% 4% 9%
$200,000 or more 13% 15% 19% 13% 5% 13%
Weighted Count 224 324 159 136 139 997
Race/Ethnicity | Other race/ethnicity 18% 21% 12% 16% 7% 16%
White/Caucasian only 82% 79% 88% 84% 93% 84%
Weighted Count 228 347 174 159 162 1089
Total 1 15% 18% 17% 32% 34% 22%
Household 2 56% 33% 39% 48% 53% 44%
g';"e dE’;ﬁ;"ts * 20% 19% 18% 14% 9% 17%
4 or more 10% 30% 26% 7% 4% 17%
Weighted Count 231 353 176 164 165 1106
Presence of No Children in HH 87% 57% 67% 94% 98% 77%
Children in HH ' children in HH 13% 43% 33% 6% 2% 23%
Weighted Count 231 353 176 164 165 1106
Own or Rent | Own 42% 69% 90% 84% 86% 72%
Residence Rent 58% 31% 10% 16% 14% 28%
Weighted Count 230 353 176 163 163 1105
Number of Less than 1 year 40% 7% 6% 3% 1% 12%
yearslived at ' 1 to 2 years 21% 15% 11% 11% 7% 14%
current 3to 4 years 23%  32% 9% 11% 7% 20%
residence
5 or more years 16% 45% 74% 75% 84% 54%
Weighted Count 232 353 172 160 165 1104

As illustrated inrablel5, residents of the Gresham, Fairview, Troutdale, Wood Village region are
somewhat older than Portland residents and residerftstber towns/unincorporated areas, and
they have a somewhat lower level of education. Portland residents are more likely than others
to be renters.
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Table15: Demographic Profile by Region

Age Cohort

Age of Respondent 18 to 34 years

Highest level of
education

Approximate
annual household
income

Race/Ethnicity

Total Household
Size (Adults +
Children)

Presence of
Children in HH

Own or Rent
Residence

Number ofyears
lived at current
residence

35 to 44 years

45 to 54 years

55 to 64 years

65 years and older
Weighted Count
Some high school
Completed high school

Two-year college or technical degree
Fouryear college degree

Graduate degree
Weighted Count

Less than $25,000
$25,000 to $49,999
$50,000 to $74,999
$75,000 to $99,999
$100,000 to $149,999
$150,000 to $199,999
$200,000 or more
Weighted Count
Other race/ethnicity
White/Caucasian only
Weighted Count

1

2

3

4 or more

Weighted Count

No Children in HH
Children in HH
Weighted Count

Oown

Rent

Weighted Count

Less than 1 year

1to 2 years

3 to 4 years

5 or more years
Weighted Count

Portland
26%
40%
15%
10%
10%
494

1%
10%
11%
40%
38%
494

5%
13%
17%
17%
24%

9%
16%
455
16%
84%
490
22%
43%
18%
16%
497
76%
24%
497
66%
34%
496
15%
15%
22%
48%
494

Gresham,
Fairview,

Troutdale, Other
Wood Village Towns/Areas|
19% 13%
28% 27%
17% 18%
19% 19%
17% 22%
272 322
2% 0%
28% 11%
24% 12%
26% 37%
20% 40%
274 321
6% 3%
9% 11%
35% 15%
19% 16%
20% 24%
7% 13%
4% 19%
244 293
20% 16%
80% 84%
269 318
14% 17%
43% 43%
14% 16%
29% 24%
278 322
70% 69%
30% 31%
278 322
81% 88%
19% 12%
276 322
8% 9%
14% 12%
17% 20%
60% 60%
279 323
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tKS NBaLRYRSYyGaQ KAIKSAG f SIS tFigwrel22 $MBrdabanii A 2y |
seven in 10 respondents have either a fg@ar college degree or a gradeaprofessional, or
doctorate degree.

Figurel22 Education of Respondent
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More than four in 10 respondents have a household income of $100,000 or more. Another 18
percent of respondents have a household income under $50,000, as shdviguiel123.

Figurel123 Annual Household Income
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Most survey respondents (§&ercenf are white, norHispanic, as illustrated iAgure 124.

Figure 124: Race/Ethnicity
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Figurel25 Total Household Size
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home, as shown ikigurel26.

Islander Alaska Native

Respondents were asked to indicate
the number of adults and children in
their household. More than onéfth of
respondents have just one persbwing

in the household, and 44 percent have
two household members (including
both adults and children). Another 17
percent have three household
members, and 17 percent have four or
more household members (sdegure
125).

Nearly onefourth of respondents have
at least one child under age 18 living at
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Figure126: Number of Children in the Household
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Most respondents own their home (sd@gurel27). More than onehalf of respondents have
lived at their residence for five or more years, as showRigurel28.

Figurel27. Own or Rent Residence

Rent 28%

Oown, 72%
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Figurel28 Length of Residence at Current Address
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4 A Survey Found Businesses Are Highly Connected and Value

Broadband
As part ofthis initiative, we alsaconducted an online survey of businessesJanuary and

CSOoNHzZE NBE HanuHn® ¢KS adz2NBSe OF LJWidzZNBR AYyF2NXNI A

services, satisfaction with those servicegside for improved services, willingness to pay for
faster internet speeds, and opinions regarding the role ofRaetner Agenciesegarding internet
access and service. A copy of the survey instrument is included in Appendix B

A key focus of the surveg & (2 | aaSaa odzaAySaasSaqQ dzas
6dAAYSaasaQ y SKeRfmdingsNdlude:SAy 3 YSG o

1 Twothirds of businesses have a cable modem connectionpg®ent with business; 9
percentwith residential). Fiber (1percen) and DS(6 percen) comprise smaller shares of
the business market. Hordeased businesses are more likely than others to have a
residential account cable modem (f&rcen).

1 44 percent of businesses provide internet access to customers ovdti Wit spots,
includng 25 percent that said it is used regularly. Businesses reported that their website is
very important for sharing information with customers and potential customers, and only
moderately important for other functions.

1 Respondents rated connection reliatjlas the most important business internet service
aspect, with seven in 10 saying it is extremely important. Overall, respondents are
moderately satisfied with their internet service. The largest gap between importance and
satisfaction is for reliabilityfollowed by price paid for service and overall customer service.

1 The most important internebased services and activities to businesses are dased
collaboration/filesharing and large data/file transfers, etc., as well as Vet®namerce,
and provding online customer satisfaction.

1 Business internet customers are moderately satisfied with their service provider. Six in 10
respondents would be very or extremely likely to switch providers if an alternative provider
offered greater network bandwidth rad greater speeds. Odaalf would be very or
extremely likely to switch providers if an alternative provider were less expensive.

1 Overall, there is support for ensuring access to competitipelyed broadband services.
Threefourths of respondents agreeor strongly agreed that th€artner Agencieshould
ensure access for all businesses.

1 Respondents are only slightly to moderately willing to purchase-figled internet service
from another commercial provider for $300 per month, and willingness drops sharply at
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higher price points. Willingness to purchase is higher for larger businesfiesgress
revenues of $5 million or more.

This report documents the survey process, discusses methodologies, presents results, and
provides key findings that will helplultnomah Countyassess the current state and ongoing
needs ofbusinessesegarding hig-speed communications services.

4.1 Survey Process

A total of 14,716 survey invitations were sent on January 28, 2020, with reminders approximately
one week after the initial invitation. Final reminders were sent on February 13, 2020, and the
surveyclosed on March 1, 2020.

A total of 450 completed surveys were received by the date of analysis, providing a gross
response rate of 3.1 percerBecause357 invitations were undeliverablé)e net response rate
was3.2 percent.

The survey responses werepexted into SPSSsoftware and the entries were coded and
labeled. SPSS databases were formatted, cleaned, and verified prior to the data analysis. Address
information was merged with the survey results using the unique identifiers included in each
surveyinvitation. The survey data was evaluated using techniques in SPSS including frequency
tables, crosgabulations, and means functions. Statistically significant differences between
subgroups of response categories are highlighted and discussed wheranelev

The following sections summarize the survey findings.

4.2 Survey Results

The results presented ithis report are based on analysis of information provided 450
businessesn Multnomah CountyUnless otherwise indicated, the percentages reported are

bada SR 2y GKS daglIfARE NBaLkRyasSa FTNRY (Kz2a$sS gK?2
AYRAGARdzZ t4 6K2 &FAR GR2y QG 1y26é 2N 20KSNBAa
did not apply to them. Key differences by business types are noted vapmepriate.

4.2.1 Business Information

Basic information was gathered from survey respondents to profile businesses in the survey. Key
comparisons of survey responses by businesses characteristics are provided in this report. The
following charts in this sean highlight characteristics of businesses in the survey sample.

Threefourths of businesses are the sole location, and-ba# of businesses have fewer than
five fulltime employees. Nearly onrealf (46 percen) of businesses are in a leased

23 statistical Package for the Social Scean(http://www -01.ibm.com/software/analytics/sps¥/
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office/retail/studio space, and 14 percent are in an owned office/retail/studio space -thwds
of survey respondents are the business owner.

A range of market areas are represented, with daerth of businesses having a market area
within 500 miles of the locatigronefifth within Oregon only, and onéfth within Multhomah
County only. Another on#fth of businesses operate throughout the United States, and 12
percent are international. Professional services [f28ceny is the leading industry represented
in the sample, followed by nonprofits (33&rceny.

Thirty-nine percent of businesses had a gross revenue of at least $1 million in 2019, including
nine percent with $10 million or more. Another 17 percent of businesses had a gross revenue of
less than $100,0QGnd 27 percent brought in $100,000 but less than $500,000.

Onefourth of businesses have an annual telecommunications expense of $5,000 or more, while
22 percent spend less than $1,000 per year. Additionally, 27 percent of businesses have zero
annual exgnses for mobile services, while 23 percent spend $500 to $999 and 24 percent spend
$1,000 to $2,499 per year.

Almost all (98 percen) of businesses have personal computers, and 90 percent have
smartphones. Specifically, 42 percent of businesses bagdo four computers, and 51 percent
haveone to foursmartphones. Just a small share of businesses has 20 or more devices.
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Figurel29 Business Location Type
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FHgure 131 Type of Facility
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Figurel34: 2019 Gross Revenue
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Figurel35: Telecommunications Expense

Less than
$499

11%
$5-$9.9k

13% "‘
$2.5$4.9k '
19% $1-52.49K

33%

$50K +
4%

$10-
$49.9k
9%

$500:$999
11%

25%

9%

5%

$1 million to $4.9965 million to $9.99 $10 million or
million million more
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Figurel37: Number of Personal Computers Figure138 Number ofSmartphones
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Tablel6andTablel7 show annual expenses for telecommunications and mobile services for key
groups. Sole locatits, those with fewer fultime employees, homéased businesses, and those

with lower gross revenues spend less, as would be expected. These types of businesses also have
fewer devices, as shown Trable18 and Tablel9.

Tablel16: Annual Telecommunications Expense

Less than $1,000 to $2,500 to $5,000 or

$1,000 $2,499 $4,999 more Total Count
Description of ~ Sole location of 24% 38% 21% 18% 333
business at business
location Other/multiple 13% 19% 15% 53% 107
locations
Number of fuk  Fewer than 5 33% 42% 18% 7% 224
time employees 5 to 9 15% 26% 26% 33% 80
at location 10 to 19 5% 25% 23% 47% 60
20 or more 5% 13% 11% 70% 61
Type of facility = Homebased 45% 44% 5% 6% 80
Leased 18% 32% 23% 27% 271
Owned 10% 27% 19% 44% 91
Company's Less than $100 53% 41% 1% 4% 75
gross revenue  $100-$499k 28% 48% 19% 4% 120
$500$999k 18% 29% 37% 16% 68
$1-$4.99 million 5% 30% 25% 40% 109
$5 million or more 5% 6% 11% 78% 65
*Read across rows fohe distribution of annual telecommunications expense for each group, e.g. 24% of those in a sc
location spend less than $1,000, 38% spend $1,000 to $2,499, and so on. Reacbtlonms to compare expenses for eac
group, e.g. 24% of those in a sole location spend less than $1,000, compared with 13% of those with multiple locatio

Tablel7: Annual Mobile Service Expense
$1,000 to $2,500 or

Zero $500 to $999 $2,499 more Total Count
Des_crlptlon of Solt_e location of 30% 25% 25% 20% 332
business at business
location Other/multlple 18% 17% 23% 43% 108
locations
Number of fuf  Fewer than 5 30% 32% 26% 12% 223
time employees 5to 9 24% 21% 25% 30% 80
at location 10to 19 32% 10% 18% 40% 60
20 or more 16% 11% 15% 58% 62
Type of facility = Homebased 23% 37% 29% 10% 78
Leased 29% 20% 23% 28% 273
Owned 23% 20% 23% 34% 91
Company's Less than $100 30% 38% 26% 7% 74
gross revenue  $100-$499k 33% 26% 33% 8% 119
$500$999k 32% 26% 19% 23% 69
$1-$4.99 million 24% 15% 24% 38% 110
$5 million or more 14% 12% 14% 60% 65
*Read across rows fohe distribution of annual mobile service expense for each group, e.g. 30% of thoselélacation
spend $0, 25% spend $500 to $999, and so on. Read down columns to compare expenses for each group, e.g. 30%
in a sole location have zero mobile service expenses, compared with 18% of those with multiple locations.
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Tablel8: Number of Personal Computers at Multnomah County Location(s)

None 1to4 5to9 10to19 20to49 50+ Total Count

Degcrlptlon of . Solg location of 3%  50% 26% 13% 6% 206 331
business at location business
Other/multiple 0% 19% 25%  22%  22% 12% 105
locations
Number of fullitime Fewer than 5 3% 71% 20% 4% 1% 0% 220
employees at 5t09 1% 14% 58% 20% 6% 1% 80
location 10to 19 0% 13% 20% 42% 20% 5% 60
20 or more 0% 3% 11% 21% 38% 26% 61
Type offacility Homebased 4% 81% 10% 3% 3% 0% 80
Leased 2% 38% 27% 19% 10% 5% 269
Owned 1% 22%  38% 12% 17% 9% 89
Company's gross Less than $100 5% 80% 9% 1% 4% 0% 74
revenue $100-$499k 3% 69% 24% 5% 0% 0% 118
$500-$999k 3% 32% 46% 16% 3% 0% 68
$1-$4.99 million 0% 14% 36% 33% 15% 3% 110
$5 million+ 0% 11% 11% 16% 33% 29% 63
Annual tele Less than $1,000 5% 66% 22% 8% 0% 0% 93
communications $1,000 to $2,499 2% 57% 26% 13% 3% 0% 144
expense $2,500 to $4,999 1% 38% 37% 15% 5% 4% 84
$5,000 or more 0% 10% 22% 22% 30% 16% 115
*Read across rows fohe distribution of number of personal computers for each group, e.g. 3% of those in a
location of zero computers, 50% have 1 to 4 computers, and so on. Read down coluongpre number of
computers for each group, e.g. 50% of those in a sole location have 1 to 4 computers, compared with 19%
those with multiple locations.

Table19: Number of Smartphones at Multhnomah County Location(s)

None 1to4 5t0o9 10to19 20to49 50+ Total Count|

Des_cnptlon of _ Solt_a location of 12% 57%  16% 11% 3% 1% 334
business at location business
Other/multiple 3% 34% 17%  22%  12% 12% 107
locations
Number of fulitime Fewer than 5 12% 76% 9% 2% 1% 0% 224
employees at 5t09 12% 33% 42% 10% 0% 2% 81
location 10to 19 3% 22% 10%  56% 7% 2% 59
20 or more 5% 8% 16% 19% 29% 23% 62
Type of facility Homebased 10% 86% 4% 0% 0% 0% 80
Leased 10% 44% 18% 17% 6% 4% 271
Owned 9%  43% 20% 14% 8% 7% 92
Company's gross Less than $100 12% 81% 5% 0% 1% 0% 75
revenue $100-$499k 16% 70% 11% 3% 0% 0% 120
$500-$999k 14% 51% 29% 3% 3% 0% 69
$1-$4.99 million 4% 35% 25% 29% 7% 1% 110
$5 million+ 2% 9% 11% 31% 20% 27% 64
Annual tele Zero 29% 38% 12% 15% 3% 3% 119
communications $500 to $999 3%  72% 19% 4% 1% 1% 101
expense $1,000 to $2,499 3% 71% 11% 11% 4% 0% 107
$2,500 or more 1% 28% 23% 23% 13% 12% 114
*Read across rows fohe distribution of number of smartphones feach group, e.g. 12% of those in a sole
location of zero smartphones, 57% have 1 to 4 smartphones, and so on. Read down columns to compare I
of smartphones for each group, e.g. 57% of those in a sole location have 1 to 4 smartphones, compared w
of those with multiple locations.
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4.2.2 Internet Services

Respondents were asked about their business internet connection, use of the internet for various
activities, and satisfaction and importance of features related to internet service. This
information prddA RS & @l fdzZ- 6tS AyaAradaKi AyiG2 odzarAySaasSa
communications services.

4.2.2.1 Internet Service Connection

Respondentsvere asked what internet services are available at their business location, as well
as what primary internet serge connection they have. As illustratedRigure140 and Figure

141, seven in 1@espondents said cable modem connection is available, anetiwds said this

is their primary internet connection (including 58ercent with business cable modem
connection). DSL and fiber comprise smaller shares of the business market.

Figurel4Q Internet Services Available
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71%

70%

60%
Respondents could select more

50% than one type of service
available, and figuresay add

0,
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30% 25% 24%
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’ . 9%
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other leased fixed wireless
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Figurel4l Internet Services Purchased
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30%

20% 15%
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10% 6% 5% 3%
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None DSL Business Residential Fiber-  T1, DS3, Satellite Business- Mobile Other 52y Qi
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Homebased businesses are more likely than others to have a residential account cable modem
(seeFigurel4?). Among all businesses with residential cable, the primary reasons cited are: no

need for faster internet at this location (19 responses), residential speed internet meets our

needs at this locatio18 responses), and faster internet is too expensive (14 responses).

Figurel42 Primary Internet Service Connection by Type of Facility

100%

B52y Qi 1y26
= Other

90%
15%

80%
= Mobile service
70%
m Business-class fixed wireles:

60%
43% = Satellite

0,
50% = T1, DS3, or other leased line

0,
40% = Fiber-optics

30% = Residential cable
26%

20% = Business cable

10% = DSL

8%

5%

8%

0% = None

Home-based Leased Owned

Similarly, a higher share of businesses with lower gross revenue and lower telecommunications
expenses (which are more likely to be hotmesed businesses) have a residential cable modem,
as illustrated inFigurel43 and Figurel44. Higher earning/spending businesses are more likely
than others to have a fibeoptic internet connection.
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Figurel43 Primary Internet Service Connection by 2019 Gross Revenue
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Figurel44: Primary Internet Service Connection by Annual Telecommunications Expense
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Respondents were asked if their business provides internet access to customers eviehWi
spots. Onehalf of businesses do not provide internet and have not seen a demand for it, while
44 percent of do provide internet via hot spot. As may be expedtethe-based businesses are
less likely to offer Wi hot spots or to have seen a demand for it (Begurel45).
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Figurel45 Business Providdsiternet Over WiFi Hot Spots
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4.2.2.2 Importance of Internet Services

Respondents were askéd indicate themportance of variousternet services to their business,
using a scale where 1 =Not at all important and 5=Extremely important. The mean importance of
various service aspects ilbustrated in Figure 146, while detailed responses are illustrated in
Figurel47.

Figurel46: Importance ofinternet Service Aspect@Mean Ratings)

Improving customer service NN 4.2
Reaching more customerdill——. 4.2
Improving operations INIIIIEIEGEGGNGNGNNNN 4.2
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LYLNE @Ay 3 SYLX 2 i /.0
Increasing profits INIEIEGGGNGNGN 4.0
Improving internal company communication Sl 3.8
Providing training opportunities for employee Sl 3.4
1.0 2.0 3.0 4.0 5.0

Mean Rating (1=Not at all important and 5=Extremely important)
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Figurel47: Importance ofinternet Service Aspects

Improving customer service PR/ I =
Reaching more customer< e L/ I - - S
Improving operations
Interacting with vendors
Improving competitiveness [ERTSRE /WL ST
LYLINE @AYy 3 SRAANEER 725 75600 150
Increasing profits
Improving internal company communication A
Providing training opportunities for employee SR 12% 23%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H Not at all important m Slightly important m Moderately important ® Very important B Extremely important

Businesses with aofe location, homebased businesses, and those with smaller revenue placed
less importance on various internet services, as illustratdeéignrel48andFigurel49.

Figurel48 Importance of Internet Services by Business Location Type
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Mean Rating (1=Not at all important; 5=Extremely important)
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Figurel49 Importance of Internet Services by pg of Facility
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4.2.2.3 Importance of Website

Respondents were askéd indicate theimportance oftheir website for various functions, using

a scale where 1 =Not at all important and 5=Extremely important. The mean importance of
various website functions ustrated inFigure1l50, while detailed responses are illustrated in
Figurel51 Businesses reported that their website is very important for sharing information with
customes and potential customers, and only moderately important for other functions.
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Figurel50 Importance of Website (Mean Ratings)
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Figurel51 Importance of Website
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4.2.2.4 Internet Service Aspects
Internet subsdbers were asked to evaluate their satisfaction with various internet service
aspects. This was compared with importance ratings given for these same aspects. The

importance and satisfaction levels among internet users are compared in the following tables
and graphs.
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4.2.2.4.1 Importance

Respondents rated connection reliability as the most important business internet service aspect,

with seven in 10 saying it is extremely importantsaswn inTable20. Other service aspects are
very important to respondents as well, with approximately dgh&d saying they are extremely

important and four in 10 saying they are very important.

Table20: Importance of Interret Service Aspects

Service Aspect Mean Percentages

Total price paid for service 39 | Wi 40% o 21%
Download speed 41 |Bw 17% 43% - 3B/%
Upload speed 40 |l5%  22% 38% - 33%
Reliability 46 [fsw 23w [0
Overall customer service 41 |20% 42% o 3a%

4.2.2.4.2 Satisfaction

= Not at all important

Very important

= Slightly important
= Extremely important

= Moderately important

Overall, respondents are moderately satisfied with their internet serviceahasn inTable21.
They are least satisfied with total price paid for service, which is typical of internet satisfaction

surveys. The lower satisfaction levels could indicate a desire for improved servigagsfer a

willingness to switch internet service providers if needs are not being met.

Table21: Satisfaction with Internet Service Aspects

Service Aspect Mean Percentages

Total price paid for service 26 | BHWM  20% @ 45%  12% 5%
Download speed 32 % 16% @ 42% 28% 8%
Upload speed 31 | |8 18% 0 40w 27% [ 9%
Reliability 32 | [e%l 15% = 3% 29% [ 12%
Overall customer service 29 | 8%Y 19% @ 38%  21% 1%

4.2.2.4.3 Performance

[ 2YLI NRAYy3 NBaLRyRSyGdaQ aidl SR A Y hipadE algvOsh

H Not at all satisfied

Very satisfied

m Slightly satisfied
= Extremely satisfied

= Moderately satisfied

evaluation of how well internet service providers are meeting the needs of customerEi(gae

152). Aspects that have higher stated importance theatisfaction can be considered areas in

Iy R

need of improvement. Aspects that have higher satisfaction than importance are areas where

the market is meeting or exceediydza G 2 Y S NEoRevef, & $hBudd de cautioned that the
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extremely high level of importece placed on some aspects (such as reliability) may make it nearly
impossible to attain satisfaction levels equal to importance levels.

Figurel52 Importanceof and Satisfaction withnternet Service Aspects
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Total price paid for Download speed Upload speed Reliability Overall customer
service service

H Mean Satisfaction ®Mean Importance

The difference betwen importance and satisfaction of internet service aspects is also presented
in the "gap" analysis table (sdable22). The largest gap between importance and satiste
is for reliability, followed by price paid for service and overall customer service.

Table22Y LYy GSNYySiéG { SNBWAOS ! 4LISOG aDIFLXE !yl

Mean Mean GAP Customer

Satisfaction Importance <=> Expectations
Reliability . . . Not Met

Total price paid for service 2.6 3.9 -1.2 Not Met
Overall customer service 29 4.1 -1.2 Not Met
Download speed 3.2 4.1 -0.9 Not Met
Upload speed 3.1 4.0 08 S

The importance scores and performance scores were plotted tovisially determine areas in
whichinternet service providers areothg well and areas that might need improvemekigure

15302 YLI NBa (GKS AYLRNIFYOS FyR aldAaFlOlAzy Ay
importance is higher than satisfaction are above the equilibrium line and are defined as
Gdzy RSNASINEFENI! & A& (GeLAOFHfX GKS 02aid 2F AyidSNJ
with costs is typically low. Reliability, upload and download speed, and customer service are
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other underperforming service areas. The lower satisfaction levels cmditate a desire for
improved service offerings or a willingness to switch internet service providers if needs are not
being met.

Importance

5.0

4.5

4.0

3.5

3.0

25

2.0

15

1.0

1.0

Figurel53 L y (i SNy S
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4.2.2.5 Speed of Internet Service

h@SNIff> Y2ald AYGSNYySi adzwwaONAROSNB Ay GKS YI N
according to respondents. Fibeptic subscribers were more likely than DSL and cable modem
RSAONAOGSNE (2 RSAONAROS (KSANNnORe/basedDanaznfall I & & ¢
number of respondents (se€igurel154).

Figurel54: Internet Speed (Respondent Opinion) by Primary Internet Service
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4.2.2.6 Cost of Internet Service

AsFigurel55illustrates, threefourths of subscribers pay less than $250 per month for internet
service. Approximately onlalf pay $100 to $29 per month. Fibepptic and business cable
modem subscribers pay more per month on average compared with DSL and residential cable
modem subscribers, although this is based on a small number of subscribers for some services.

Figure1l55 Monthly Price for Internet Service
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As may be expected, monthly cost of internet service is correlated with gross inconféideee
156). Businesses withigher gross income spend more per month on internet service than do
those with lower earnings.

Figurel56: Monthly Price for Internet Service by 2019 Gross Revenue
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Most respondents said their internet service is not very affitda(63 percenf or not at all
affordable (11perceni (Figurel57). Just one€fourth of respondents said their internet service is
at least moderately affordable. Thi®és not vary significantly by provider type.

Figurel57: Affordability of Internet Service
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4.2.2.7 Internet -Based Services and Activities

LYGSNYySG adzoaONAOSNER ¢SNBE [a1SR G2 S@lIftdz a$S
perform various internetbased services and activities. This was compared with importance
ratings given for these same aspects. Detailed responses given to importance and satisfaction are
illustrated inFigure 158and Figurel59. Mean ratings are compared Figurel60.

4.2.2.7.1 Importance

The most important internebased services and activities to businesses are eiased
collaboration/filesharing and large data/file transfers, etc., as well as Volfémamerce, and
providing online customer satisfaction.

Figure 158 Importance of InternetBased Services and Activities

Videoconferencing [z 17% 25% 15% 30%
Large data/file transfers, online data storage 6% 19% 29% 44%
backup/recovery
\VLllzl 12% 6% 14% 19% 48%
Streaming high-quality videofsLZ Lz 27% 25% 28%

Cloud-based collaboration and file sharin@leeZ 5% A

E-commerce (online transactionsEelZ MRy (1517 21%

Telemetry and monitoring 20% 11% AL 20% 23%

Filing permits or other electronic government activiticSkEZ 1/ 28% 26% 19%
Connecting to another office or business locatiOBESZIREeLZE (L) 24% 34%
Providing online customer service/ X2 20% 23% 44%
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m Not at all important m Slightly important m Moderately important m Very important m Extremely important
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4.2.2.7.2 Satisfaction

Respondents are most satisfied witttemmerce and clouthased collaboration and filsharing,
followed by filing permits or other electronigovernment activities and providing online
customer service.

Figurel59 Satisfaction with InternetBased Services and Activities

Videoconferencing S gELZ 40% 28% 15%
Large data/filte) transfers, online data storag 13% 37% 3106 14%
ackup/recovery
VolP
Streaming high-quality videoJ R =
Cloud-based collaboration and file sharinBgg 34% 42% 18%

E-commerce (online transactionsEa e 22

Telemetry and monitoring 39% 35% 16%
Filing permits or other electronic government activiticZ e 2

Connecting to another office or business locaticRgQ 37% 36% 16%
Providing online customer servicdZ -2

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Not at all satisfied m Slightly satisfied ®m Moderately satisfied m Very satisfied ® Extremely satisfied

4.2.2.7.3 Performance

A comparison of average importance and satisfaction scores for intéyamstd servicesnd
activities is shown ifrigurel60. Aspects that have higher satisfaction than importance are areas
where businessieedsare being met or exceededspects that havéigher stated importance

than satisfaction may be opportunities for improving service to business internet customers. The
difference between importance and satisfaction of internet service aspects is also presented in
the "gap" analysis table (sé&@ble23).

The largest gaps between importance and satisfaction is for large data/file transfers, online data
storage, and backup/recovery, followed by cldoased collaborabn and file sharing, VolIP,
providing online customer service, and streaming kiglality video. These are services of high
importance. Business needs are being met or exceeded for other services and activities.
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Figure160 Importanceof and Satisfaction witHnternet-Based Services and Activities
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4.2.2.8 Customer Satisfaction and Loyalty

Respondents were asked a series of questions to help assess customer satisfaction and customer
loyalty. As shown ifrigurel61, business internet customers are moderatshtisfied with their

service provider (mean rating of 6.3, with a median of 7.0, on a scale where 1=Very dissatisfied
and 10=Very satisfied).

Mean and median customer expectation scores (mean rating of 5.7, with a median of 6.0, on a
scale where 1=Falteshort of expectations and 10=Exceeded expectations) suggest that internet
service providers are meeting expectations (neither falling short of nor exceeding expectations).

Figurel61 Satisfaction and Expectations Scores by Cartiom Type (Mean Ratings)
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Additionally, respondents were asked their likelihood of recommending their internet service
provider, renewing their contract, and switching providers. The average likelihood scores are
illustrated inFigurel62, while detailed responses are illustratedHigurel63. Overall, customers

are moderately loyato their provider, with a mean loyalty score of 2.7 and a median of 2.8
(average score given to all four rating items on a scale of 13b 5).

Six in 10 respondents would be very or extremely likely to switch providers if an alternative
provider offered geater network bandwidth and greater speeds. Gmadf would be very or
extremely likely to switch providers if an alternative provider were less expensive.

Nearly onehalf (46percen) of respondents are very or extremely likely to renew their contract,
but only 22 percent are very or extremely likely to recommend their provider.

24The loyalty scores were calculated by taking the average of all four aspects (recommend, renewgastjtch
switch-bandwidth/speed). Whe calculating the score, the likelihood of switching scales were reversed so the
higher score represents greater loyalty or less likelihood of switching.
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Figurel62 Likelihood of Recommending, Renewing, or Switching Providers (Mean Ratings)
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Figurel63 Likelihood of Recommendindienewing, or Switching Providers
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4.2.2.9 Telecommuting

As shown inFigure 164, 57 percent of respondents indicated that their business permits
employees to telecommute. Businesses with market areas outside of Oregon are more likely to
permit telecommuting and to have guioyees who telecommute and live outside of a metro
area, compared with those within Oregon or Multnomah County only.

Figurel64: Business Permits Employees to Telecommute
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Overall, 37 percent of businesses that allow telecomnwitaid at least some of their employees
who telecommute live outside of a metro area ($agurel65). Only three percent of businesses
that do not permit telecommutingvould do so if they had greater bandwidth and speed (see
Figurel66).
Figurel65 Employees Who Telecommute Figurel66. Would Implement Telecommuting
Live Outside Metro Area
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Yes
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7%
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4.2.3 Respondent Opinions

wWSALRYRSYyGa ¢SNB Fa1{SR GKSANI 2LIAYA2Yya I 062 dzi
promoting broadband communications services within the afégurel67illustrates the mean

ratings while Figurel68provides detailed responses to each portion of the question

Figurel67: Opinions About theRole(s) for Multnomah County and Cities (Mean Ratings)

Help ensure that all businesses have access to
competitively priced broadband internet
services

Help ensure that local nonprofit organization
have access to competitively priced broadba
internet services

e

Build new broadband infrastructure to enable

private internet providers to use to offer _ 3.3
services
Build new broadband infrastructure and then_ 32
sell internet services directly to local business '
1.0 2.0 3.0 4.0 5.0

Mean Rating (1=Strongly Disagree and 5=Strongly Agree)

Figure168 Opinions About the Role(s) for Multhomah County and Cities

Help ensure that all businesses have access t

0/:40, 0, 0, 0,
competitively priced broadband internet service, 6% . EISD e

Help ensure that local nonprofit organizations have accd

0, 0, 0, 0, 0
to competitively priced broadband internet services 8% 6% . = =

Build new broadband infrastructure to enable privat

0, 0, 0, 0, 0,
internet providers to use to offer services e 12 34% 19% 24%

Build new broadband infrastructure and then sell interng
services directly to local businesses

16% 8% 34% AR

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Strongly Disagree m Disagree m Neutral mAgree m Strongly Agree

130



Multnomah County Broadband Feasibility Study | September 2020

Overall, there is support for ensuring access to competitipelyed broadband services. Three
fourths of respondents agreed or strongly agreed that Batner Agencieshould ensure access

for all businesses, and seven in 10 agreed or strongly agreed thdatirer Agencieshould
ensure access for nonprofit organizations. Respondents were neutstiawed slight support

for building a new broadband infrastructure. More than four in 10 agreed or strongly agreed, and
one-third were neutral.

Respondents were also asked their opinion of the current broadband market. Overall,
respondents moderately totongly agreed with most statements. Agreement was somewhat

lower for the availability of affordable, higspeed internet access being a factor in deciding
GKSNE (2 t20FGS 2NJ oSAy3a ONRGAOIE G2 GKS LINRO
with broadband availability statements are shown kigure 169. Detailed responses to
statements about broadband availability are illustrated=igure170.

Figurel69 Opinions About the Broadband Internet Market (Mean Ratings)
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Figurel70 Opinions About the Broadbanthternet Market
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Among the factors listed, respondents were most likely to agree that-$jgted internet is as
essential to businesses as utility services gg2centstrongly agree, 2percentagree). Most
respondents also agree or strongly agree thabhite access to the internet is important to
business operations (43ercentagree or strongly agree), their business would realize-teng
benefits if they had better access to reliable higeed internet (5ercentagree or strongly
agree), and the \ailability of a technically skilled, internstivvy workforce is critical to the
success of their business (p8rcentagree or strongly agree).

At the same time, only three in 10 agreed or strongly agreed that the local market contains a
choice ofmultiple internet providers capable of serving their business needs. Just 43 percent are
willing to pay a premium for access to higheed internet.
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National and international businesses were more likely to agree with statements about the
availability ofhigh-speed internet access and the importance of hgleed and mobile internet
access, compared with businesses within Multnomah County or Oregon onli¢geel71).

Figurel71 Opinions About the Broadband Internet Market by Market Area
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4.2.3.1 Willingness to Purchase High-Speed Internet Service
Respondents were asked if they would be willing to purchase 1 Gbps eguage Ethernet
transportand internet access service for various prlevels from another commercial service
provider. The mean willingness to purchase across this array of questions is illustr&igdre
172, while detailed responses are illustratedrigurel73
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Figurel72 Willingness to Purchase 1 Gbps Internet from Commdr&iarvice Provider
(Mean Ratings)
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Figurel73 Willingness to Purchase 1 Gbps Internet from Commercial Service Provider
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wSalLRyRSyGtaQ sgAtfAy3daySaa G2 LHz2NOKFaS m Do LA
is slight tomoderate at $300 per month, and it drops considerably as the price increases. The
mean rating falls to 1.9 at a price point of $500 per month and 1.4 at a price point of $1,000 per
month (not at all to slightly willing). Most respondents are not at alinglto switch for $500 or

more per month.

The willingness to purchase higpeed internet service from another commercial provider at
various price points is higher for businesses with multiple locations, are not fiased, have

20 or more fulitime empbyees at the location, have a gross revenue of $5 million or more, or
have an annual telecommunications expense of $5,000 or moreHigeeel74to Figurel78).

Figurel74 Willingness to Purchase 1 Gbps Internet by Business Location Type
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=Not at All Willing; 5=Extremely Willing)

Mean Rating (1

=Not at All Willing; 5=Extremely Willing)

Mean Rating (1

5.0

4.5

4.0

3.5

3.0

25

2.0

15

1.0

5.0

4.5

4.0

3.5

3.0

2.5

2.0

15

1.0

Figurel75: Willingness toPurchase 1 Ghps Internet Service by # of Hiithe Employees
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Figurel76 Willingness to Purchase 1 Gbps Internet Service by Type of Facility
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Figurel77. Willingness to Purchase 1 Gbps Interrggrvice by 2019 Gross Revenue
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Figurel78 Willingness to Purchase 1 Gbps Internet Service by Telecommunications Expenses
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5 A Countywide Fiber -to-the-Premises Network Would Cost $ 970
Million
CTQa Sy Dkeyafed MEonceptuallevel network design for thet | NIiySNJ ! 3Sy O,
deployment of a gigabitapable fibetto-the-premises network to all homes and businesses in
the CountyBased on that designwe developed two cosstimates.

The first estimate is theost to deploy diber-to-the-premisesinfrastructure, all electronics,
consumer drops, and customer premises equipmémtevery premises in the Countyhis
estimate shows theotal capital cost®to build afiber-to-the-premisesnetwork to support a
ubiquitoudy availablagigabit data serviceAssuming a takeate (i.e., thepercentage of residents
and businesses that subscribe to the seryiog 35 percent® the full fiber-to-the-premises
network deployment would cost $70 milion. These costs might be borne by thiRartner
Agencieslone (i.e.jf the Partner Agenciewere to build and operate the network, and sell retail
services to residenjsby thePartner Agenciem partnership with one or more private partners,
or by a pivate entity alone. (See Secti@for an overview of potential partnership business
models.)

The second cost estimate is to deplfilyer-to-the-premisesinfrastrudure just in areas of the
County that currently are not served by broadband providees, a network designed to pass
2yt e GKS |/ 2dzy (e QEheParhér AgedidiSaruldabids t6 Aper4r million to
build afiber-to-the-premisesnetwork to serve just theestimated 2,800unserved homes and
businessesassuming 85 percent takerate. (See Sectiob.4for more details.)As with the first
estimate, these costs could be the responsibility of t&tner Agencieslone, thePartner
Agenciesand partners, or just a private entity.

These cost ®timates provide data relevant to developing a business model for a potential
construction effortby the Partner Agencie@ncluding a retail approach or the full range of

models for publigprivate partnerships)and to assessing the financial viability étwork

deployment These estimates also enable financial modeling to understand the impact of the
Partner Agencie@ 2 LISNJ} G A2yl f | Yy Rt andjda the/c8sa &f a rfudisifalfretaD K 2 A O
approach to determine the approximate revenue levels necagstr the Partner Agencieto

service any debt incurred in building the network. (S&ection8 for a complete financial

analysis)

25 Capital costs are distinct from ongoing operations and maintenance costs the Partner AgencieBatribe
Agencies and partners would incur.

26 This assumption is based on takees we have seen in other communities where a new provider constructs a
network that competes against an existing internet service provider). Thisréakds not guaranteed
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5.1 Survey Methodology for Developin g Design and Cost Estimates

The network design and cost estimates presented below are underpinned by data and insight
gathered by CTC engineers through discussionsikhS t I NJi y Stakéhold@rS §in® anS & Q
SEGUSyaArgdsS &adz2NBSe 2 FroninénBusirgdmling imape and pétégeaphp(.ef, Sy @
I GRS&a]1 adz2NwSeéuv o

To develop estimates of pemile cossfor aerialinfrastructure(attachedin the communications
spaceon utility poles)and permile costsfor undergroundinfrastructure where poles are ot
availableCTQ & 2 dzii ZeAgiRé&rpkifolmgdia survey of the Countja Google Earth Street
View. The engineerseviewed available green space, [@congestion (which requires make
ready work to free up space fanew fiber attachment) andthe need forpole replacemerd
where makeready alone cannot create space famew attachment all of which have been
factored into the design and cost estimate

/ ¢ /oside plantenginees noted that the quality of the poles and pole attachments in the
Countyvary, as they do in many cities and countiesut that overall, most of the poles along the
primary electrical distribution path would support an additadrattachment.In neighborhoods
with aerial utilities, the poles tend to be older and nreged to be upgraded tsupport additional
attachments.

Figurel79 Figurel80, andFigurel81show examples of poles in various conditions throughout
the County?’

2T Source: Google Earth Street View
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Figurel79 Utility Pole LineWhere Tree Trimmindgs Needed
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Figure181 Example oLowMake-Ready Pole Lines

Based on our desk survey, we determirtedt Portland will be the most expensiyart of the
County in whictto buildt at an estimated fiber construction cost of $200,000 per mitkie to
the prevalence of underground utilities drcrowded rightsof-way and utility poles.

We assumethe remainingcities and unincorporated parts of the County will have lower
construction costs an estimated cost of $150,000 per mildecausanore of these areas have
aerial utilities and the poles anights-of-way are less congested.

If the Partner Agenciewere to constructiber only inthe unserved portions of the Countye
assumeconstruction costs would be even lowbeecausethere are fewer existing attachments
on the utility polesn those area. We estimate a cost of $125,000 per mile ¢onstructing fiber
inthe/ 2 dzy ungeqed areas.

5.2 Fiber-to-the-Premises Network Design

We developed aconceptual highlevel fiber-to-the-premisesdesign that reflectdhe Partner

I 3 Sy @aal and is opento a variety ofarchitecture options. The design assumes a
combination of aerial and underground constructifmhichever is more costffective along a
given route)based on the placement of existing utilities.
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Figurel82 below,shows a logical representation of the hilgvelfiber-to-the-premisesetwork
architecture we recommentased on the conceptual design in this repdrhis design is open to
a vaiety of architecture optiong® The drawing illustrates the primary functional components in
the fiber-to-the-premisesnetwork, their relative position to one another, and tfiexibility of
the architecture to support multiple subscriber models and aassf service.

The recommendedrchitectureis a hierarchical data network that provides critical scalability and
flexibility, both in terms of initial network deployment anits ability to accommodate the
increased demands of future applications and tedlogies. The characteristics of this
hierarchicalfiber-to-the-premisesdata network are:

1 Capacityg ability to provide efficient transport for subscriber data, even at peak levels

1 Availability ¢ high levels of redundancy, reliability, and resilieradyility to quickly detect
faults and reroute traffic

1 Resilientoperation ¢ physical path diversity to minimize operational impact resulting
from fiber or equipment failure

1 Efficiencyg no traffic bottlenecksefficientuse of resources

1 Scalabilityg ability to grow in terms of physical service area and increased data capacity,
and to integrate newer technologies

1 Manageabilityg simplified provisioning and management of subscribers and services

1 Flexibility ¢ ability to provide different levels and classafsservice to different customer
environments can support an open access netwétkr a singleprovider network can
provide €paration between service providers on the physieger (separate fibers) or
logicallayer(separateVirtual Local Area Netw&rVLAN or Virtual Private Network(PN
providing networks within the netwopk

1 Securityg controlled physical access to all equipment and facilities, plus network access
control to devices

B¢ KS y S dusRlddatia both the most expensive and the longéssting portion. The architecture of the
LIK&aAOrt LXIFYyd RSGSNN¥AYySEa GKS ySig2N)] Qa aoOl ratédaadt A (&
maintained; the architecture is also the main determinant of the total cost of the deployment.

29 Open access networks allow multiple providers to offer services over the same network infrastructure.
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Figurel82 HighlLevelFiberto-the-PremisesArchitecture
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This architecture offerscalability to meet longerm needs Itis consistentwith best practices

for an openaccess network model thamaybe required to support multiple network operators
(depending on thdartner Agencie®@ 06 dza A Yy Sod at leagtZnRitfpliraiail service providers
requiring dedicated connections to certain customers. This design would support a combination
of Gigabit Passive Optical Networ®FON and direct Active EthernefAE)services (with the
addition of electronts at thefiber distribution cabinet§FDC), which would enable the network

to scale by migrating to direct connections to each customer, or reducing splitter ratios, on an
asneeded basis.

The design assumes placement of manufactdeeminated fiber tgp enclosures within the
public rightof-way or easements, providing watertight fiber connectors for customer service
drop cablesandeliminating the need for service installers to perform splices in the field. This is
an indwstry-standard approach to reduingboth customer activation times and the potential for
damage to distribution cables and splices. The model assumes the termination of standard lateral
fiber connections within larger multenant business locations andulti-dwelling units(MDU)

such & apartment buildings

5.2.1 Network Design Principles and Assumptions
The network design and cost estimates assumeRagner Agenciewill:

1 Use existingoublicland to locatetwo core hub facilitiesand up to 16distribution hub
facilities throughout the Cauaty. The cost estimate includes the facilityelf, as well as
the environmental and backup power systemmeeded to operate the network
electronics and provide backhaul to the internet

M Construct a robust backbone network to conh&xconnect thecorehubfacilities to the
distribution hubg and thedistribution huksto new FDE€

1 Construct fiber optics frolkDCd40 each residence and businesst purchases service
(i.e, from termination panelsn the FDQo tap locationsnear the pemisesin the public
right-of-wayor ont I NJi y S NJeasgniegtHA Sa Q

1 Obtain easements or access rights to gated communities and private roads puidie
right-of-waydo not exist

1 Construct fiber laterals into large muteénant business facilitieand MDJUs

Multnomah Count@ & LJ2 Lddxisity tiakies yfom the denser central areas of the County to
the low-density northeastern and western areas. It is important to construct a robust backbone
that can serve the needs of the community the future The backbne should provide
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redundancy where possible and extend to the outer edges of the County so that it will be near
new subdivision®r other residential constructianwhich will enable service to be extended to
these areas as they are built.

The backbone degn could also be used to provide backhaul to wireless internet service
providers that may be looking to deployntenna siteswhere existing wireless service is
inadequate or wherdiber-to-the-premisesservices may not be cosffective

The fiber-to-the-premisesnetwork and srvice areaswere defined based on the following
criteria:

1 Fiber will be installed in the communications space of utility poles where present, and in
newly constructed conduit in underground areas

1 The network will serveip to 288passings pef-DGn most areas, bull24 passings per
FDdn the lower-densitywestern part of the County

1 The service area is the entire County
1 Multiple FDCsvill be installedper service area

1 FDCuwill be suitable to support hardened netwomdectronics backup powesupplies,
and an active heat exchanije

1 The network design shouldraidthe need for distribution plant to ass major roadways
and railways

Coupled with an appropriate network electronics configuration, this desuguld greatly

increase the reliability of fiber services comparedstvices delivered biraditional cable and
telephone networks. The backbone and hub design minimizeavkeragdength of nondiverse

distribution plantbetween the network electronics and each twser, thereby reducing the
probability of service outagesaused by a fiber break.

Theaccesdayer of the network, encompassing the fiber plant from the FDCs to the customers,
dedicates a single fiber strand from the FDC to each pasamgptical spiter at the FDC
combines the signals from 16 to 32 subscribéerhis traditionalfiber-to-the-premisesdesign

30 These hardened FDCs reflect an assumptioiithal KS / 2dzy e Qa 2LISN} A2yt FyR 0dza
installation of provider electronics in the FDCs that are capable of supporting open access among multiple

providers. We note that the overall fibg¢o-the-premises cost estimate would decrea$the hardened FDCs were

NBLX I OSR 4A0GK LI a3aA@BS C5/ a4 66KAOK g2dzZ R K2dza$S 2yfe 2L
only at the hub facility.
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allows either network electronics or optical splitters in the FDdPsl offers scalability to meet
longterm needs

5.2.2 Network Core and Hub Site

The network core sites link tHéder-to-the-premisesnetwork to the public internet and deliver

all services to end users. The proposed network design includes two core locations, based on the
YySig2N]l Qa LINRP2SOGSR OF LI OA gréphicdBdpwmanc (VeS yané | Yy R
core site were to fail, the second core site would continue to operate the network).

The location of core network facilities also provides physical path diversity for subscribers and all
upstream service and content priolers. For the design and cost estimates, we assume the

t I NI y S NJcorasiieg @il adused in secure locations with diverse connectivity to the
AYGSNYySG yR GKS /2dzyieqQa SEA&aGAY3T FAOSNI 2LIGA

The core locations in this plan will house @ra R SpNdhtiGnalsupport systems (OSS) such as
provisioning platforms, fault and performance management systems, remote access, and other
operational support systems fdiber-to-the-premisesoperations. The core locations are also
where any business partner or content/service providers will gain access to the subscriber
network with their own pointof-presence.(This may be via remote connection, bute
recommendcolocation)

The core locatins are typically run in high-availability (HA) configuration, with fully meshed
and redundant uplinks to the public internet and/or all other content and service providers. It is
imperative that core network locations are physically secure and allow eumabered access
24x7x365 to authorized engineering and operational staff.

The operational environment of the network core and hub locations is similar to that of a data
center. This includes clean power sourcesinterruptible power sourceYP$ batteries, and
diesel power generation for survival through sustained commercial outages. The facility must
provide strong physical security, limited/controlled access, environmental controls for humidity
and temperature and a ifre suppressiorsystem

Equipment $ to be mounted securely in racks and cabinets, in compliance with national, state,
and local codes. Equipment power requirements and specification may include 48 volt DC and/or
120/240 volt AC. All equipment is to be connected to conditioned/protectedrclgower with
uninterrupted cutover to battery and generat@ower sources

For the cost estimate, we assume the core facilities and distribution hubs will be located at
existingPartner Agencyacilities.Figurel83is a photo of a sample hub facility.
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Figurel83 Sample Hub Facility

POWER

5.2.3 Distribution and Access Network Design

The distribution network is the layer between the hubs and the FD®s FDCs theprovide the
access links to tha dzo & O kpsd Thedis@bution network aggregates traffic from the FDCs

to the core. Fiber cuts and equipment failures have progressively greater operational impact as
they happen closer to the network cqreo it is critical to build redundancies and physical path
diversities in the distribution network, and to seamlesslyoate traffic when necessary.

The distribution and access network design proposed in this report is flexible and scalable enough
to support two different architectures:

1. Housing both the distribution and access network electronics at the hub, and using
only passive devices (optical splitters and patches) at the FDCs

2. Housing the distribution network electronics at the hub and pushing teess
network electronics further into the network by housing them at the FDCs

By housing all electronics at the hub, the network will not require power at the FDCs. Choosing a
network design that only supports this architecture may reduce costs by aljsmaller, passive
FDCs in the field. However, this architecture will limit the redundancy capability from the FDCs
to the hubs.

By pushing the network electronics further into the field, the network gains added redundancy
by allowing the access electrorito diversely connect to the hub. In the event of a fiber outage
on one link, the subscribers connected to thiéectedFDC would still have network access.
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A design that supports both models would allow tRartner Agencieto accommodate many
different service operators and their network designs. This design would also allow service
providers to start with a small deployment (i.e., place electronics only at the hub site, and grow
by pushing electronics closer to their subscribers).

5.2.3.1 Access Network Techndogies

FDCs can sit on a cufbigure184), be mounted on a pole, or reside in a building. Tinedel
proposed hereeecommends installing sufficient FDCs to support @ighan-anticipatedlevels

of subscriber penetration. This approach will accommodate future subscriber growth with
minimal reengineeringPassive optical splitters are modular and can be added to an existing FDC
as required to support subscriber growthr,to accommodate unanticipated changes to the fiber
distribution network with potential future technologies.

Figurel84: SampleFiber Distribution Cabinet

The fiber-to-the-premisesdesign also includes the placement of indoor FDCs and splitters to
support MDUs This would require obtaining the right to access the equipment for repairs and
installation in whatever timeframe is required by the service agreements with the customers.
Lack of access woulpdotentially limit the ability to perform repairs after normal business hours,
which could be problematic for both commercial and residential services.

In this model, we assume the use of GPON electronics for most subscribers and Alerfpor a
small percentage of subscribers (typically hegid business customers) that request a premium
service or require greater bandwidth. GPON is the most commonly provisifioedto-the-
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premisesservica used, for example, by AT&T Fiber, Verizon (ifrids systems), Google Fiber,
and Chattanooga EPB.

Further, providers of gigabit services typicalliverthese services on GPON platforms. Even
though the GPON platform is limited to 1.2 Gigabits per second (Gbps) upstream and 2.4 Gbps
downstream for he subscribers connected to a single P&&gment operators have found that

the variations in actual subscriber usage generally means that all subscribers can obtain 1 Gbps
on demand (without provisioned rat#miting), even if the capacity is aggregatedtiae PON.
Further, many GPON manufacturers have a development roadmap to 10 Gbps and faster speeds
as user demand increases.

GPON supports higbpeed broadband data and is easily leveraged by tpfdg carriers for
voice, video, and data services. Th®@@N optical line terminal (OLT) uses sifiler (bi
directional)small form-factor pluggable (SFP) modules to support multiple (most commonly less
than 32) subscribers.

GPON uses passive optical splitting, which is performed inside the FDC, to connect fiber from the
OLTs to the customer premises. The FDCs house multiple optical splitters, each of which splits
the fiber link to the OLT betweelb to 32customers (in the cse of GPON service).

AE provides a symmetrical (up/down) service that is commonly referred to as Symmetrical
Gigabit Ethernet. AE can be provisioned to run at-giglabit speeds, andlike GPOMN easily
supports legacy voice, Voice over Internet ProtocolRY,adnd video. AE is typically deployed for
customers who require specific service level agreements that are easier to manage and maintain
on a dedicated service.

For subscribers receiving AE service, a single dedicated fiber goes directly to the subscribe
LINBYA&SEAa 6AGK y2 AL AGOAY3ID . SOF dza SNHzg NE § SN
from the OLT to thecustomer premises equipmentand because each subscriber uses a
dedicated SFP on the OLT, there is a significant cost difference isipnavg an AE subscriber

versus a GPON subscriber.

The fiber plant is designed to provide AE service or PON service to all passings. The network
operator selects electronics based on the mix of services it plans to offer, and can modify or
upgrade electraics to change the mix of services.

149



Multnomah County Broadband Feasibility Study | September 2020

5.2.3.2 Expanding the Access Network Bandwidth

GPON is currently the most commonly provisiorfdsbr-to-the-premisestechnology, due to
inherent economies when compared with technologies delivered over hnmdiber! such as

AE. The cost differential between constructing an entire network using GPON and AE is 40 to 50
percent3? GPON is used to provide services up to 1 Gbps per subscriber and is part of an evolution
path to higherspeed technologies that use highgpeed opticand wavedivision multiplexing
(WDM).

This model provides many options for scaling capacity, which can be done separately or in
parallel:

1. Reducing the number of premises in a PON segment by modifying the splitter assignment
and adding opticsvould increae capacity for example, reducing the split from 16:1 to
4:1would quadruplethe peruser capacity in the access portion of the network.

2. Adding higheispeed PON protocols can be accomplished by adding electronics at the FDC
or hub locations; since these aglifferent frequencies than the GPON electronics, none
of the othercustomer premises equipmentould need to be replaced.

3. Adding WDMPON electronics as they become widely availaeld enable each user
to have the same capacity as an entire PON; adglagse use different frequencies than
GPON and are not expected to require replacement of legatomer premises
equipment

4. Replacing a PON segment with a 1:1 connection to electronics woul®fatien 1 to the
maximumyt an AE configuration.

These upgraels would all require complementary upgrades in the backbone and distribution
Ethernet electronics, as well as in the upstream internet connections and peebiniythey
would not require increased fiber construction.

5.2.3.3 Qustomer Premises Equipment and Subscriber Services

In the final segment of théber-to-the-premisesy SG 62 NJ] = FAOSNI NHzya FNRBY |
homes, apartments, and office buildings, where it terminates at the subscriberd&per optic

housing located in theublic rightof-wayclose to the premises. The service installer uses a pre
connectorizel drop cable to connect the tap to the subscriber premises without the need for

fiber optic splicing.

31 Homerun fiber is a fiber optic architecture in which individual fiber strands are @ddrirom the distribution
sites to the premises. Hommin fiber does not use any intermediary aggregation points in the field.
a9y KIFIYyOSR / 2YYdzyAOFGA2ya AY {ly CNryOA&alO2Y tKIFIAS LL C
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The drop cable extends from the subscriber tap (either on the pole or underground) to the
building, enters the building, and connectsduestomer premise equipment

5.3 Countywide Fiber -to-the-Premises Cost Estimate

Assuming a takeate (i.e., thepercentage of residents and businesses that subscribe to the
servicg of 35 percent,he fullfiber-to-the-premisesnetwork deploymenivould costabout$970
million, inclusive obutside plantconstruction labor, materials, engineering, permitting, network
electronics, drop installatiorgustomer premises equipmepandtesting (Table24).

Table24: EstimatedCountywideFiberto-the-PremisesCost

Cost Component Total Estimated Cos

(Rounded)

Outside Plant $668million

Central Network Electronics $66 million

F|beFto-the-PremlsesSerV|ce Drop and $164million
Lateral Installations

Qustomer Premises Equipment $68 million

Total Estimated Cost $966 million

Actual capital costs (both for the full fiber-to-the-premisesnetwork described here and the
limited deployment to pass unserved premises, described betoay vary due to factorthat
cannot be precisely known until a detailed design is completed, or until construction commences.
These factors include:

1. Costs of puate easements;

2. Utility pole replacement and makeeady costs;
3. Variations in labor and material costs; and

4. Subsurface hard rock.

We have incorporated suitable assumptions to address these items based on our experience in
similar markets

5.3.1 Costper Passing

On a pe#passingbasis, the litfiber-to-the-premisesdeployment will costabout $1,710t an
average similar to costs in other comnunities with a high percentage of underground
infrastructureandrelatively highhousingdensity.
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As indicated above, theost estimate assumes a 35 percéaite-rate, which iswithin the range
that maybe feasible for a new entramh a marketike Multhomah Countywhereboth the cable
and telephone companiealreadyprovide broadband service. The financial analysis in Se8tion
discusses the impact of takate in alditional detalil.

The total cost of operations will also vary with the business model chosen arahtbant and
nature of existinginfrastructure and otherresources that can be leveraged by tRartner
Agenciesand any potential business partners.

5.3.2 Outsid e Plant Cost Estimation Methodology

As with any utility, the design and associated costdifmr-to-the-premisesconstruction vary

with the unique physical layout of the service area two streets are likely to have the exact
same configuration of fiber optic cables, communications conduit, underground vaults, and
utility pole attachments. Costs are further varied by soil conditions, such as the prevalence of
subsurface hard rock; th©€ 2 Yy RAGA2Y 2F dzGAft AGe LIftSa I yR
involving the attachment of fiber infrastructure to utility poles; and crossings of bridges, railways,
and highways.

To estimate costs, we extrapolated the costs for each City and theeonporated areas of the
County based on our outside plant desk survégble 25(below) outlines the costby area
assuming a 35 percent takate.

The actual cost t@onstruct fiberto-the-premises to every premises in the County could differ
from the estimate due to changes in the assumptions underlying the model. For example, if
makeready and pole replacement costs are too high, the network would have to be cotestruc
underground which could significantly increase the cost of construction. Alternatively, if the
Partner Agenciesould partner with a local telecommunications provider and overlash to existing
pole attachments, the cost of the build could be signifitaidwer. Further and more extensive
analysis would be required to develop a more accurate cost estimate across the entire County.
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Table25: Fiberto-the-PremsesCostsby Jurisdiction

Outside
. : Plant Core o )
Jurisdiction St_reet Passings Passmgs Outside Plant Cost | Equipment Dlstrlbutl_on Subscriber Total Cost
Miles per Mile Cost Electronics Costs
per Cost
Passing
Fairview 423 2176 51 $6343.050 $2.915 $217.600] $152,320] $1.294.720 $8.290570
Gresham 323.8] 45417 140 $48.565350 $1,069| $4,541.700 $3,179,190 $27,023.115 $89,213.565
Portland 2,.615.3] 327,011| 125 | $523,067,80C $1,600| $32,701,100 $22,890,770 $194,571,545 $815,742,645
Troutdale 685| 6440| 94 $10,279.200 $1,596] $644.000] $450.800] $3,831,800 $16,043,000
Wood Village 17.2 944| 55 $2,583,3000 $2,737|  $94,400]  $66,080]  $561,680 $3,428,180
szgl'rcggrporated 220.8 5205 24 $33,119,400 $6,363| $520,500 $364,350 $3,096,975 $37,101,225
Bg'snecr?/repdorated 355.0/ 2800 8 $44,375,000 $15,848|  $280,000 $196,0000 $1,666,000 $46,517,000
Countywide | 3,643.0] 389,993| 107 | $668,333,100 $1,710| $38,999,300 $27299,510| $232,045,835 $966,422,165
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5.3.3 Outside Plant Costs

The estimated cost to construthe outside plant portion of theandidatefiber-to-the-premises
network is approximately $68 million, or $1,710 per passing® As discussed above, tmeodel
assumes mixture of aerial andinderground fiber constructionrdepending on the construction

of existing utilities in the area as well as the state of any utility poles, existing infrastructure, and
construction within the ommunicatiors spaceon utility poles Table26 provides a breakdown

of the estimated outside plant costs. (Note that the costs have been rounded.)

Table26: EstimatedOutside PlantCosts

Outside
Jurisdiction Street Miles Passings Passn_ngs S | ORES Bl | [
Mile Cost per
Passing
Fairview 42.3 2,176 51 $6,343,050 $2,915
Gresham 323.8 45417 140 $48,565,350  $1,069
Portland 2,615.3 327,011 125 $523,067,800 $1,600
Troutdale 68.5 6,440 94 $10,279,200  $1,596
Wood Village 17.2 944 55 $2,583,300 $2,737
Unincorporated
2208 5,205 24 $33,119,400 $6,363
Served
Unincorporated 355.0 2,800 8 $44,375,000 $15,348
Unserved
Countywide 3,643.0 389,993 107 $668,333,100 $1,710

5.3.3.1 Aerial and Underground Construction Approach

Costs for aerial and underground placement were estimated using availabtecost data for
materials and estimates on the labor costs for placipglling, and boring fibebased on
construction in comparable marketsThe material costs were generally knowwith the

33 The passingaunt treats individual singkenit buildings and units in small muttivelling and multbusiness
buildings as single passingfstreats larger buildings as single passings.
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exception of unknown economies of scaénd inflation rates and baring any sort of
phenomenon restricting material availability andsts. The labor costs associated with the
placement of fiber were estimated based on similar construction projects.

Aerial construction entails the attachment of fiber infrastructure to existiiity poles, which

could offer significant savings compag to allunderground constration, but increases
uncertainty around cost and timelineCosts related to pole remediation and makeady

construction can make aerial construction cegtohibitive in comparison to underground
construction

We assumdiber will be lashed testrandinstalledin the communications space on the existing
utility poles. Splice cases, subscriber taps, and drops will also be attached to the strand, which
facilitates maintenance and customer installation.

While generally allowing fogreater control over timelines and more predictable costs,
underground construction is subject to uncertainty related to congestion of utilities iptiic
right-of-wayand the prevalence of subsurface hard roakeitherof which can be fully mitigated
without physical excavation and/or testing.

While anomalies and unique challengesll arise regardless of the design or construction
methodology, the relatively large scale of this project is likely to provide ample opportunity for
variations in construdton difficulty to yield relatively prdictable results on average.

We assume nderground constructionwill consist primarily of horizontal, directional dirig to
minimizepublic rightof-way impact and to provide greater flexibility to navigaaeound other
utilities. The design model assumes a singlach, flexible, high-density polyethylere (HDPE)
conduit over underground distribution paths, and dualirzh conduits over underground
backbone paths to provide scalability for future network\gtb.

5.3.3.2 Outside Plant Cost Components
The cost components for outside plant construction include the following tasks:

1 Engineeringg includes systentevel architecture planning, preliminary desigasd field
walk-outs to determine candidate fiber routing; development of detailed engineering
prints and preparation of permit applications; and p@&32 y & (0 NHzO dzA 2 i ¢ a NB OA a
to engineering design materials.

1 Quality Control / Quality Assurance includes expert quality assurance field review of
final construction for acceptance.
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1 General Outside PlanConstruction¢ consists of all labor and materials related to
GGeLA O f ¢ odagrial SNSRI EadrgriRtruction, including conduit placemg
utility pole makeready construction,aerial strand installationfiber installation, and
surface restoration; includes all work area protection and traffic control measures
inherent to roadway construction activities.

1 Special Crossingg consists of gecialized engineering, permitting, and incremental
construction (material and labor) costs associated with crossings of railroads, bridges, and
interstate / controlled access highways.

1 Backbone and Distribution Plarplicingg includes all labor relatetb fiber splicing of
outdoor fiber optic cables.

1 Backbone HupTermination and Testingg consists of the material and labor costs of
placing hub shelters and enclosures, terminating backbone fiber cables within the hubs,
and testing backbone cables.

1 Fiber-to-the-PremisesService Drop and Lateral Installatiogonsists of all costs related
to fiber service drop installation, includimgitside plantconstruction on private property,
building penetration, and inside plant construction to a typical backbone network service
GRSYI NODIGA2YE LRAYOGT Ffaz2 AyOfdzRSa Fft YI
fiber cables at the demarcation poinA takerate of 35 percent was assumed for standard
fiber service drops

5.3.4 Central Network Electronics Costs

Central network electronics will cost an estimated $118 million, or $300 per passing, based on an
assumed takeate of 35 percent* (These costs may irease or decrease depending take-

rate, and the costs may be phased in as subscribers are added to the network.) The central
network electronics consist of the electronics to connect subscribers tblibeto-the-premises
network at the core and cabing Electronics are subject to a sevdn 10-year replacement
cycle, as compared to the 2 30-year lifespan of a fiber investment.

5.3.4.1 Core Electronics

The core electronics connect the distribution electronics and connect the network to the
internet. Thecore electronics consist of high performance routers, which handle all the routing
on thefiber-to-the-premisesnetwork and to the internet. The core routers should have modular

34The takerate affects the electronics and drop costs, but also may affect othes pf the network, as the

County may make different design choices based on the expecteerdtdeA 35 percent takeate is typical of
SY@ANRYYSyila 6KSNB | ySg LINPOARSNI 22Aya (GKS (StSLK2yS
we will examine how the feasibility of the project depends on a range of-tates.
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chassis to provide high availability in terms of redundant components and theA f A G& G2 &
agl LX¥ f AYyS OlrdiBrain theyewent ¥f 2rRodehgl’ Mddular routers also provide
the ability to expand the routers as demand for additional bandwidth increases.

The cost estimatassumesunning networking protocols, such asthstandby routing protocol
(HSRP), to ensure redundancy in the event of a router failure. Additional connections can be
added as network bandwidth on the network increases. The core sites would tie to the
distribution electronics using 100 Gbps links. Tin&s to the distribution electronics can be
increased with additional 10 Gbps and 40 Gbps line cards and optics as demand grows on the
network. The core networks will also have 100 Gbpsnectionsto ISPs that connect thigoer-
to-the-premisesnetwork to the internet.

¢tKSasS 02aita R2 y20 AyOfdzZRS GKS &aASNWAOS LINROJAR
performance management systems, remote access, and other operational support systems for
fiber-to-the-premisesoperations. The service providemay already have these systems in place.

5.3.4.2 Distribution Electronics

The distribution network electronics aggregate the traffic from the FDCs and send it to the core
electronics to access the internet. The distribution electronics consist ofgegbrmane
aggregation switches, which consolidate the traffic from the access electronics and send it to the
core for route processing. The distribution switches are typically modular switch chassis that can
accommodate line cards for aggregation. The switcheaulshalso be modular to provide
redundancy in the same manner as the core switches.

The cost estimate assumes that the aggregation switches connect to the access network
electronics with 10 Gbps links to each distribution switch. The aggregation switched tven
connect to the core switches over single or multipleGiipsand 40 Gbps links as needed to meet

the demand of thdiber-to-the-premisesusers in each service area.

5.3.4.3 Access Electronics

The access network electronics at the FDCs connect the subdddiuStomer premises
equipmentto the fiber-to-the-premisesnetwork. We recommend deploying access network
electronics that can support both GPON and AE subscribers to provide flexibility within the FDC
service area. We also recommend deploying modukgcess network electronics for reliability

and the ability to add line cards as more subscribers join in the service area. Modularity also helps

51 atdappablé f AyS OFNR OFy 6S NBY2OSR YR NBAYASNISR 6AGK
rebooted. The control cards in the router should maintain allfigumations and push them to a replaced line card
without the need for reconfirmation.
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reduce initial capital costs while the network is under construction or during the rollout of the
network.

Theaccess network electronics costs are based on a-tateeof 35 percent and include optical
splitters at the FDCs for that takate.

5.3.5 Customer Premises Equipment and Service Drop Installation (Per Subscriber
Costs)

Customer premises equipmeistthe subsck 6 SN & A Y fib&-toHhle-Qr&nisdstetwirk S

For this cost estimate, we selectedistomer premises equipmerthat provide only Ethernet

data services (however, there are a wide varietgugtomer premises equipmewffering other

data, voice, ad video services)Jsing the assumed takate of 35 percent, we estimated the

cost for subscribecustomer premises equipmentill be approximately 68 million.

Each activated subscriber wouklso require a fiber dropcable installation andcustomer
premiseselectronics, which woulaost roughly $1,200per subscriberor $£32 million totaft
again, assuming a 35 percent talae.

The drop installatiortost is the biggest variable in the total cost of adding a subscrislort
aerial drop can cost as little as $250 to install, whereas a long underground drop installation can
cost upward of $,000.We estimate an average of $1,200 per drop installation.

The other persubscriberexpensesnclude the cost of the optical netwkiterminal (ONT) at the
premises, a portion of the OLT costs at the hub, the labor to install and configure the electronics,
and the incidental materials needed to perform the installation. The numbers providédhle

27, below, are averages and will vary depending on the type of premises and the internal wiring
available at each premises.
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Table27: Per Subscriber Cost Estimates

Construction and Electronic Estimated
Required to Activate a Subscribe Average Cosi
Drop Installation and Materials $1,200
Subscriber Electronics (ONT) $300
Electronics Installation $100
Installation Materials $100
Total $1,700

5.4 Constructing Fiber-to-the-Premises Only to Unserved Areas of the County
Would Cost $47 Million 2 or Six Times the Per-Passing Cost of a
Countywide Network

Taking a step back from the ubiquitous countywideer-to-the-premisesnetwork design, we

analyzed thecost to serve onlunserved areasf the County. In other words, we focused on the

cost to deploy fibemwhere no wireline infrastructure capable of delivering services that meets
the federal and state definitions of broadband pas8&®mes and businessesneaning there

is no cable or fibeplantin the rightof-way adjacent to the property

We identified these unserved areas through a desk survey, in which a CTC outside plant engineer
analyzed Google Earth Street View maps where availadgarching imagesf miles of County
roadways for the presence (or lack thereof) of broadband infrastructure such as cable
attachments on poles (for aerial construction) and handholes and pedestals (for underground
construction).

Our mapping and analysis identified appiroately 2,800 homes and businesses unserved by
wireline providers 3S2 I NI LIKA OF £ f & A & sbrthvie§ Byriculiral &raS and 2 dzy G @
forested eastern areasigurel85shows the areas we determined to be unserved.

B gL aaArAydIE A& (GKS AYTFNI adNHzOG dzNB (i K lofiwayd dulhitdlgesSndte | K2 Y.
Ay Of dzRS i K St thie pcBtiNdZbAtide SetvivhtRat dbnnects from the road to the home or business itself.

The availability of a passing to a home or business is the universally understood definition of what is served, both

within the industry and among the state and federal government entities filmad broadband expansion and

regulate communications services.
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Source: CTC Analysis

Figurel85Unserved Areas of Multhomah County

* Unserved Address
Unserved Area

To serveits unserved homes and businesséise Partner Agenciesvould nesd to spend $4
million to build afiber-to-the-premisesnetwork, assuming &5 percent take-rate. Table 28
outlines the costs below including the almos#$16,000 pefpassing cost, which is about six times
the perpassing cost for the ubiquitous fib&r-the-premises model

Table28: Unserved Area&iberto-the-PremisesCosts

Outside
o Street . Passings| Outside Plant | Equipment | Subscriber
e (e Miles Passings Per Mile | PlantCost | Costper Cost Costs Vol Cost
Passing
Unserved | 355.0 | 2,800 8 $44,375,000 $15,848 | $476,000 | $1,666000 | $46,517,000
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6 Targeted Wireless Solutions Could Be an Effective Way to Deliver

Broadband to Residents Who Cannot Afford Commercial Services
While fiber-to-the-premisesrepresents the besin-class class technical solution to address
broadband needs in the loAgrm, there exist a range of loweaost lastmile wireless
approades to meet the most critical broadband needs in the short teimparticular, providing
basic connectivity to loweincome residents who may otherwise have no affordable options.

We examind two conceptual approachetor targeted broadband Wi-Fi and fixedwirelesg

using wireless technologies that can be scaled to accommodate a wide budgetary range, can be
deployed relatively quickly, are impactful at any funding level, and leverage existing
infrastructure to expand reach and reduce deployment timeframégsétargeted broadband
solutions cannot deliverubiquitous coverage or fibdike capacity, buthey could provide a
lifeline reaching across the digital divide to facilitate distance learning for students, job searches,
access to government services, atess to healthcare professionals in the ongoing pandemic
crisis.

6.1 Tactical Deployments of Wi -Fi Hotspots Could Meet the Most Basic
Connectivity Needs Leveraging Existing Infrastructure

Strategically placed \Wri hotspots throughout the County, particdlain low-income areas, is a

leastcost solution with high impact, leveraging existing County and municipal fiber and facility

assets to provide reliable internet access in close proximity to all residents.

Local governments nationwide use this approaohdeliver publieamenity WiFi, often in
shopping districts and public gathering spots. For example, New York City delivers-fregi&Vi
its Link NYC kiosks and San Francisco offers free Wiparks and other areas. The same
technical approach wouldchieve a digital inclusion beneifithe County were to instaliotspots
Ay Of 248 LINR EA Y A (@s8umingthaN®dniguh8dyfified iQacde &ivSnearby)
And it could be a partner, rather than the government, that makes fre€Mdvailal#; In Seattle,
during the Covidl9 pandemic, Comcast has opened its outdoorRiMnotspots for free public
use?’

The County can install wireless access points at any or all of its over 600 government, schools,
and library locations where members of thenemunity can connect to the internet using their

own mobile devices in a relatively safe environment from their vehicles or in outdoor spaces. In
addition, thePartner Agenciesould allow community sponsors who have an internet connection

37 Where to go for Free Access to Computers andthe Inté&ret { ST GGt S LYy F2NXI GA2Y ¢SOKy?2
https://www.seattle.gov/tech/services/internefaccess/freeaccesgo-computersand-the-internet (accessed
September 8, 2020).
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to also hostaccess point& These community sponsors could be Aamofit agencies, religious
institutions, and community centers such as the Boys and Girls Club or the YMCA.

For our cost estimate we assumed that each location would require an average of two wireless
access points mounted on the outside of each building with directional antennas to target the
outdoor spaces and parking lots of the building. A poweer-Ethernet switch would provide
LI26SN) G2 SIFEOK | 00Saa LRAyYy(d I & in@edSd tonneciion. G A S A
Residents would be able to use the outdoor spaces to access the internet, such as pulling up in a
car or sitting in the outdoor space.

Figurel86: Public WiFi at Community Locations

The model assumes thalhé County would manage and maintain the network at a eff&irt

level. The wireless access points would be managed by a central cloud management system that
would allow the County to use a single Service Set Identifier (SSID);Famdfne, so that the

service is easily identifiable by the community across locations, and would support access control
through Countymanaged accounts (if desirable) and bandwidth limits per user and per site. The
County would be able to manage wireless access policies reyniatddeep the internet traffic

separate from internal networks, enforce bandwidth limits per user and/or per site, and restrict
OSNIFAY LI AOFdA2yas NBIFNRfSaa 2F oKSGKSNI G
or another internet connection

38 The sponsors wouldeed to have connections that allow them to provide free Vi
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The estimated cost per location is $4,700. This includes electronics, installation, configuration,
and maintenance contracts that provide hardware replacements and d@seéd management
services for three year3.able29 breaks downs the costs per location.

Table29: Wireless Access Point Costs per Location

Name Description Unit Cost Units Subtotal
8-port POE layer 2 switch

Switch such aghe Meraki MS1263 $700 1 $700
LP.

802.11& compatible using
. . MU-MIMO antennas at 5 GH
Wireless Access Point and2.4 GHz. POowered, $600 2 $1,200

Such as the Meraki MR4.

Licensing for each access
point to be controlledoy the
Access Point Licensing | centralized cloud $200 2 $400
management platfornior
three years

: Directional antennas at 2.4
Wireless Antennas GHyz and 5 GHz. $100 4 $400
Includes Cat 6 wiring to the
access point with cabling

raceways. Access point

Wireless Installation . . X $1,000 2 $2,000
mounting, configuration, and
integration with the
management system.
Total $4,700

The County can scale the program as budgets and need require. For example, if the County were
to use its 600 government, schools, and library locations efffiet would cost $2.8 million and

would support many thousands of concurrent us@irmited primaily by the size of the physical
spaces availab)e This assumes use of existing County and municipal fiber backhaul from each
site and existing internet capacity. However, the County could target areas of greatest need and
reduce the overall cost of thede public WAFi system.

The County could also establish a program to allow community groups to apply to host the free
public wireless system. The County could supply the equipment and install the electronics to
allow approved community groups to provideé public WAFi while still being managed be the
County. The hosting organization would take on the role of providing space, internet, and power
to support the network while the County would control the network policies allowed on the Wi
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Fi system. Apprad organizations would need to have an internet connection with terms of
service that allow the agency to provide free publichi

6.2 Fixed Wireless #1 O1 A 3A00A ' AT OO cuv O0AOCAAT O 1 A&
Low-Income Census Block Groups

The PartnerAgenciescould consider a fixedireless network to deliver broadband servides

targeted areas of the community that are most in ned@ithe goal would be to provide an

affordable or necost alternative even where service availability is not a barrier.

While fixedwireless technologies continue to evolve, this approach has precedents. In rural
Garrett County, Maryland, for exampliwe County Council approved a contract with a private
partner to leverageounty-ownedfiber and additional public funding ®upport the deployment

of a fixedwireless networko bring service t@s many a8,000then-unserved homes in the most
remote parts of thecounty 3°

To evaluate this option for the Partner Agencigs¢ / Q&  Sded@ibpedaSined wireless
network modelto assess the viability of servitige County@ lowest income areas using existing
siting locations (towers or tall buildingsjthin the County.

Our analysis found that]Jthough it would have clear technical limitations relative to a fiber optic
network, afixedwireless networknay be able to provide service to approximately 25 percent of
residents throughout the lower income areas of the Coanafigure that takes into account the
achievability of wireless coverage using raymmercial wireless spectnuand service eligibility
criteria likely based on federal poverty level, eligibility underaional School Lunch Program
(NSLR)similar criteria.

In total, we estimate this could encompass approximately 13,000 of the households in census
blockgroups having the lowest average median income level in the range of $13,048 to $40,000
(Figure187) for an estimated deployment cost of approximateB63nillion, or gpproximately
$2,700per home.

B¥gwdzNI £ . NBF RO YR 9ELI Y& AhgpsBnévw.@akraxtdodty.drg/braadimhdaecessed | NB f | Y R
September 8, 2020).
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Figurel87: Median Household Income Map for Multnomah County

Median Household Income 2015
= ¢13,048 - $40,000

= $40,001 - $60,000

= 560,001 - $75,000

= $75,001 - $100,000

= $100,001 - $166,000

Source: American Community Survey (2015 Estimate)

The network would leverage existing siting locations where available, and would require new
construction of mounting structures (towers @tor utility poles) where needed. Our model
assumes the requirement for approximately three towers per square mile to provide capacity
and coverage of the neighborhoods. It would use pédipoint wireless connections for
backhaul connections back to ldwns where the County has fiber to provide backhaul to the
internet.

6.2.1 Overview of Fixed Wireless Analysis

We developeda FAESR GANBt Saa ySig2N] &aO0OSyl NA2 F2N &
average median income neighborhoods usegstingtowers andother elevated mounting

assets, where availabl&able30summarizes the cost of the network and conservatively assumes

that new structures will be neesdl for all locations

Table30: Fixed Wireless Analysis Results

Estimated Number Average .
- C Installation and
Number | of Homes Eligible Distribution Customer Premises
of for the Service and| Capital Cost| Network Cost per .
. EquipmentCost per
Towers can Receive Connected
- Customer
Coverage Passing
36 13,000 $35.6million $940 $1,800
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Although there are technological limitations relative to a fiber optic ser@sewell as higher
operational costs and a shorter technology lifetiywireless technology has benefitsterms of
lower capital costs and reduced time to deplofurthermore as discussed below, new
developments in wireless technology are improving the reliability and speed of wireless
broadband therefore these technologies are a better option now than they were in the recent
past.

The following sectionprovide a higHevelintroduction to fixed wireless connectivifjncluding
technologies, basic architecture, spectrum, and elements of famtsl dscribe the us of
existing and nevstructuresto deploya fixed wireless solution for the 2 dzy 1 @ Q& NB & A
cannot affordtraditional wireline internet services.

6.2.2 Introduction to Fixed Wireless Network Connectivity

Broadband speeds are more readilghievable usinfixed wirelessietworks without the benefit

of commercial wireless radio spectrum than in the pasting to the recent introduction of the
Citizens Broadband a@dio Service (CBRS) spectrumto the market and new wireless
technologies However, foliage and other buildings are still a significant obstacle to service, and
the variation in the line o$ight in a service area corresponds to a wide variation in the quality of
service to individual customers.

As opposed to an underground or aerial cabléeless broadband ideliveredviaaccess point
antennas mounted on towers or rooftops.Qustomed @ntennas may be mounted on a

customeK) premises(e.g., the rooftop) to obtain line of sight back to the access pgtigure
188).

Figurel88 Sample Fixed Wireless Network

166

R

S

y



Multnomah County Broadband Feasibility Study | September 2020

6.2.3 Fixed Wireless Spectrum and Architecture
Fixed wireless networks typically use the following spectrum:

1 TV White Space (TVWS) 500 MHz
1 Unlicensed 900 MHz, 2.4 GHz, 5 GHz
1 CitizenBroadbandRadioServic CBRS) 3.5 GHz

It is useful to determine which band may be most effective to use in different areas. Each band
will need its own set of equipment; if one or more band can be eliminated from specific sites,
then the overall cost of deployment and operations will be restlic

Of these bands, only CBRS and 5 Giizensedtechnology have channel widths capable of
deliveringbroadband speeds26 Mbps dowstreamand 3 Mbps uptream) so those are the

two bands we considered for the mod€lompared to TVWS, antenna heights ao¢ limited by

FCC rules, and CBRS provides the unique benefits of higher transmission power limits and lower
likelihood of interference than unlicensed frequencits.

TVWSelivers service ovarnused television frequencies (known as white space). Thal8s
have much better no#line-of-sight transmission qualities than the other bands; however, due to
its narrower bandwidth, TVWS is not capable of delivering 25 Mbps down, and thevedsneot
considered feasible. Also, because white space technologysti$ in an early stage of
development, compatible equipment is far more expensive than otheth&ffshelf wireless
equipment.Finally, becaus®lulthomah Countjhas many existing broadcast television channels,
the potential TVWS spectrumay belimited.

Most fixed wireless netwdrsolutions require the antenna at the subscriber locattorbe in or

near the line of sight of the base station antenna. Tdas bea problem in areas with dense
vegetation or multiple tall buildings'lhe County woulsheed tolease space at or near the tops

of towers; even then, someesidents may be unreachable without the use of additional
repeaters. And because the signal is being sent through the air, climate conditions like rain and
fog can impact the quality of service.

In addition, here is a tradeoff in these bands between capacity and the ability to penetrate
obstructions such as foliage and terraihbe higler frequencies have widechannels and

40 CBRS channels may be preempted by incumbent users, such as the U.S. military, at unpredictable times,
temporarily reducing the spectrum availabilifyhe impact of this preemption has nget beendocumentin detail
in broadband networkand depends on m@aments of the Navy fleet and its use of rad@ine impact would likely
only be on parts of the spectrum and would slow, rather than shut off, CBRS services.
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therefore the capability to provide the highest capacitowever, the tghest frequencies are
thosemost easily blocked by obstructions.

Wireless equipment vendors offer a variety of peiatmultipoint and pointto-point solutions.
Thecost estimatan this document assume poktd-multipoint equipment, which is typical fa
residential or small business connection.

6.2.4 Fixed Wireless Network Deployment Costs
The following factors will determine the costs associated with a fixed wireless network:

1 Wireless equipment used:Different wireless equipment has different aggregate
bandwidth capacity and usea range of different spectrum bands, each with its own
unique transmission capabilities

1 Backhaul connectionAlthough the bottleneck tends to be in the lasile connectionjf
the County cannot get an adequate connectiothrough pointto-point wireless
technologiesback to i KS / 2dzy i@ Qa SEA &G Aafditionafr fiberS NJ 2 (
construction would be required

1 Future capacity and lifespan of investmentVireless equipmentgenerally requires
replacement every five to 10 years, both because exposure to the elements causes
deterioration, and because the technology continues to advance at a rapid pa&egna
decadeold equipment mostly obsoletethe cost of deploying a wirelssnetwork is
generally much lower than deploying a wireline network, but the wireless network will
require more regular investmenn the form of equipment and technology refresh.

1 Availability of unobstructed line of sightMost wireless netwdtingequipment requires
a clear, or nearly clear, line of sight between antennas for optimum performahee
County will need tdease space near the tops of radio towers, to cover the maximum
number of premises with each base station

CTC determined that the lowerdame neighborhoods would neettiree siting locations per
square mile, owing mostly to capacity needs in these relatively higher density areas of the
County. Where existing commercial towers or building rooftops are not available to provide
coverage and caeity, additional towers would be requiretllew towers typically cost around
$150,000 each, not including any costs for purchasing land to site the tower. To create a
conservative cost estimate, CTC assumed mewers would be constructed at eackiting
location.CTC B0 assumecatach siting location would udeoth CBRS and GHzfixed wireless
frequency band options. We based our analysis on the following assumptions:
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1 Broadcast powewould beat the maximum FCC limit
1 Channel bandwidthvould be10 MHz forthe CBRS band

1 Subscriber equipment antensawould be placed at 4.57 mete(&5 fee)) above the
ground

1 Allservedaddresses will requirthe installation ofsubscriber equipment
1 Towers will be configured witfour sectors for each frequency used

1 Towers will be connected to backhaul using microwave lvdck to a location where the
County can provide fiber connectivity

1 Engineering and design costs include propagation studies, RF path analysis faopoint
point connectionsstructural analysis, catruction plans, permits

1 Site acquisition costs include the preliminary equipment dimensioning, power needs,
shelter requirements, RF suitability, escorts, and lease negotiations

1 There is room within the shelter at the tower location for additional equipine

1 Gore networkequipmentto manage functions such as authentication, billing, security,
and connection to the internetvould cost$1.3 million (including theequipment and
setup of a corg

1 The costs outlined are capital costs only and do not include djo@ia costs

6.2.5 High-Level Coverage and Cost Estimate

Basedon the lowest median income level group of less than $40,000, we determined there are
more than 54,000 homes and businesses in these census block groups, which cover an area of 12
square miles. Assuimg the need for three towers per square mile, the fixed wireless network
would need approximately 36 siting locations, whwh assumed would be newly constructed
towers (though theycouldalsobe existing towersr tall buildings.

Assuming that approxiately 25 percent of homes are eligible for the service and can also receive
coverage, the network could serve approximately 13,000 homes. Between the CBR&Hrd 5
radios, the network would serve approximately 50 homes per base station radio to achieve
reasonable levels of oversubscription for delivery of broadband service at speeds of at least 25
Mbps. Where additional capacity is needed, additional radiosld be added to a tower to
increase capacity.

Table31and Table32illustrate the cost estimates

169



Multnomah County Broadband Feasibility Study | September 2020

Table31: CapitalCost Estimate foFixed Wireless Deployment

ltem Cost

Network Core $1.3 million
Access Point Equipment $1.1 million
Microwave Backhaul $0.5 million
Installation, Engineeringnd Design $2.5 million
Site Acquisitiorf36 New Tower Locations) $1.4 million
Tower Construction $5.4 million
Total Distribution Network Costs $12.2million

Total Addresses 13,000
Cost perUnservedAddress (Distribution Network Only| $940

Table32: Costto Serve25% of Households in Census Block Groups Below $40,000 Méttiasehold

Income(Fixed Wireless Model)

ltem Cost

TotalDistribution Network Cost $12.2million

Total IncrementaCustomerCoss (13,000@ $1,800per Qustomer) $23.4 million
Total| $35.6 million
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7 Overview of Alternative Fiber Network Business Models

The fiber network cost estimates described above reflect thé NJi y S NJ potehtialcépital a Q
investment for a municipal retail business model (i.e., a scenario in whicRdheer Agencies
construct own, and operate the network)but there exist other potential business models in
which thePartner Agencies/ould build infrastricture for lease to one or more private lessees

In this model, localities create hybrid arrangements where a locality and private partner find a
creative way to share the capital, operating, and maintenance costs of a broadband network.
Most commonly, a leality will finance, build, and maintain extensive fiber optics, reaching all or
most of its residents and businesses, and then partner with a company that is willing to pay for
FO0Saa G2 GKFEG FAOSNI FYyR G2 KBt tolth2 fib&ryal A |
longterm, future-proof asset while the private company can enter the market quickly and
without incurring the construction risk and capital expense of building the fiber network itself.

In these ways, an arrangemehased on sharethvestment and risk plays to the strengths of
both the public and private sector partners. Most localities consifileer-to-the-premises
deployment not as a moneymaker, but as a powerful tooldquity, education and economic
development. Thus, in eolaborativemodel, the risk is sharethut the community still receives

100 percent of the benefits it seekghough at a potentially high cost (amdcognizing that the
0SYSFAla R2 y20 |t | LILISI NIF the piivats patéNB bSed (i Q &
investment means less upfront capital, with an opportunity for future revenues.

In this way, the collaboratiomodel shares risk and responsibility between the public sector and
a private partner. In most of these partnerships, the publititgrfunds, builds, and owns the
basic infrastructure (typically dark fiber) and the private entity does the rest: it provides the
electronics and service over the infrastructure and deals with the complexities of running a
broadband business. The level n$k (and potential reward) can be calibrated under the
partnership terms to suit local conditions and community goals.

The modelleverages the best capabilities of the public and private sectarcalitiesdo what
G0KSe8 Q@S R2y S T2 NbREm@sicRBrasuctdre) yiangg® BghadwaiyR and
maintain that infrastructure over time ensuring that all residents benefit. Private entities do
what they traditionally do well: run a business, engage in sales and marketing, handle customer
service, ad adapt to changing technologies and customer preferences.

The most commoivariation on this approacis thedark fiber mode| wherein the public entity
focuses only on building out a ubiquitous fiber network to all premises in the commaihigy.
localityQa NRA &1 A a f 4lohgténs, Rituigproofiaksst whilke theSpNyate company
can enter the market quickly and without incurring the construction risk and capital expense of
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building the fiber network itselin the dark fibermodel, the localty is responsible for the physical

fiber plant. This includes construeg the network, responding to and repairing fiber breaks,
constructingand splicingnew fiber,and performingongoing maintenance task8uilding and
maintaining a dark fiber network also requires access to poles and/or conduit. The service
provider lights the fiber and provides services, including the electronics at the customer premises
(known as customer premises equipment or CPE). Whenew subscriber takes service,
AYFNF a0NHzOG dzNBE LINRPQDGARSNI Aa GeLMAOlrftfte |faz NB:
network interface device at the premises.

The pioneering public networks in Westminster,ailand, and Huntsville, labama, are
examples of the dark fiber collaboration model.

In an open @nduit model, the public infrastructure provider isesponsible for the physical
conduit plant. Thistypically includes constructig the conduit network,responding to and
repairing any conduibreaks, maintainingietwork documentation and providing access points
for the service providerTheservice providerdoes the rest, pullingiber through the conduit,
lighting the fiber, and provithg services.

The most prominent example of the conduibdel is in West Des Moineswa, which early this
month announced that Google Fiber will be the first lessee of its open access citywide conduit
network.

7.1 Dark Fiber Model Case Study:Westminster , Maryland

The City of Westminster, Marylanda bedroom canmunity of both BaltimoreandWashington,

D.C where 60 percent of the working population leaves in the morning to work elsewfditee

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

The city began an initiative 12 years ago to bring better fiber connectivity to community anchor
institutions through a middlanile fiber network. In 2010, the State of Marylandegved a large
award from the federal government to deploy a regional fiber network callednber-County
Broadband Network (ICBM)at included infrastructure in Westminstét.

41 Case study is based in part on a presentation by Dr. Robert Wack, President, Westminster (&xigan

Council, during a webinar hosted by the Fiber to the Home Council and facilitated by CTC Technology & Energy.
See http://goo.gl/x82Ro7(password required)See alsow 2 6 S NI 2 Wesfmnsteit (oK S 2 Brddband
Communities Magazin@Nov./Dec2015), http://goo.gl/op1XpH

24 ¢ KS t NP Z8ubtyiBraadbang Nefviidkitp://qoo.gl/GiBC26
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Westminster saw an opportunity to expand the last mile of the network to serve residents. At
the time, though, it did not have any clear paths to accomplish this goal. City leaders looked
around at other communities and quickly realized that they were gdinhave to do something
unique. Unlikefiber-to-the-premisessuccess stories such as Chattanooga, Tennessee, they did
not have a municipal electric utility to tackle the challenge. They also did not have the resources,
expertise, or political will to dealop from scratch a municipal fiber service provider to compete
with the incumbents. As a result, they needed to find a hybrid model.

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

0KS ORA G2 QantastaAll localigasgiinErts@pend money on durable assets with long
lifespans, such as roads, water and sewer lines, and other infrastructure that is used for the public
322R® ¢KS fSIFRSNE |d1SR>X aG2Keé yz20 théaigsito 2F TFA
determine what part of the network implementation and operations the private sector partner

g2dzf R KFIYRfS yR ¢6KFG LI NI O2dzZ R 6S (GKS OAxideéqQ

The hybrid model that made the most sense required the city to build, own, and mairddin d
fiber, and to look to partners that would light the fiber, deliver service, and handle the customer
relationships with residents and businesses. The model would keep the city out of network
operations, where a considerable amount of the risk lies imteof managing technological and
customer service aspects of the network.

The city solicited responses from potential private partners through a request for proposals (RFP).
Its goal was to determine which potential partners were both interested in tiogept and shared
GKS OAGEQa GAraAizyo

The city eventually selected Ting Internet, an upstart ISP with a strong track record of customer
ASNIAOS +a | Y20AfS 2LISNI 2N ¢Ay3cpivitd NSR 2
partnership and of maintainingnaopen access network. Ting has committed that within two

years it will open its operations up to competitors and make available wholesale services that
other ISPs can then resell to consumers.

Under the terms of the partnership, the city is building dmghncing all of the fiber (including

RNRLJA (G2 Odzad2YSNBQ LINBYA&ASA0 OGKNRdzafered 062y R
lease payment. One monthly fee is based on the number of premises the fiber passes; the second

fee is based on the numbef subscribers Ting enrollgiitially, this payment will be a flat fee

odzi Ay fIF0SNJ 8SINBX ¢KSY ¢Ay3IQa NBGSyYydzS KAGA
fraction of its revenue per user. That mechanism is designed to allow the city to slsme of

0KS dzLJAARS 2F (KS ySig2N] Qa &adz00Saaod Ly 2iGKSN.
reward based on the entrepreneurial risk the city is taking.
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Based on very preliminary information, given that this is a market in developmené agrite,
we believe this is a highly replicable model.

What is so innovative about the Westminster model is how the risk profile is shared between the
city and Ting. The city will bond and take on the risk around the outside ipfaastructure, but
GKS LI &YSyid YSOKIFIyAayY yS3a20AFiSR A& &adzOK GKI G

Because Ting will pay Westminster a small monthly fee for every home and business passed, Ting
is financially obligated to the city from daye, even if it has no customers. This structure gives

the city confidence that Ting will not be a passive partner, because Ting is highly incented to sell
services to cover its costs.

Perhaps most significantly, there is also a mechanism built into thiea that ensures that the

two parties are truly sharing risk around the financing of the outside plant infrastructure. In any

j dzZ NI SNJ Ay GKAOK ¢Ay3IQa TFAYFYOALFt 20ftA3FGA2Yya
service, Ting will pay thétg a portion2 ¥ (1 KS &aK2NIFlFff® Ly &dz aSldzS
the city exceed the debt service requirements, Ting will be reimbursed an equivalent amount.

This element of the financial relationship made the deal much more attractive to thbexguse

it is a clear demonstration of the fact that its private partner is invested with it.

7.2 Dark Fiber Model Case Study: Huntsville, Alabama

In February 2016, the city of Huntsville, Alabaniak S & ribithér® @éhnology hub,
announced that its muiipal electric utility will builda fiber network throughout itscity limits
(presumably, to pass all or most businesses and homes), and that Google Fiber will lease much
of that fiber in order to provide gigabit services to residences and small businesses

Thearrangementbetween Huntsville and Google Fiber is a variation on the model pioneered in
Westminster, though the payment terms are different and provide a key contrast. Google Fiber

will lease fiber from Huntsvillesinga rate sheet that provides forarious levels of pricing based
ontheamountof fiberlease®® Ly O2Yy 4N} adG> ¢Ay3IQa 206fA3IFGA2Y A
how much fiber it usesn part on how many customers it securasdin part on therevenues it

generates. As a result, Weninster will have less predictability and certainty about its revenues

from Ting but has the potential to sharetime upside in the event that Ting is very successful in

that market.

As in Westminster, the Huntsville model puts tity in the businessf building infrastructure, a
business it knows well after a century of building roads, bridges, and utilities. The model leaves
to the private sector (in this case, Google Fiber and any other provider that chooses to lease
Huntsville fiber) all aspects aktwork operations, equipment provisioning, and service delivery.
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Interestingly, the Huntsville model holds the potential for competition among providers, as
Google Fiber will not be the exclusive user of the fiber and other entities can also choeasego |
FAOSNI 0 AaSR 2y ldzydagattsS | GAftAGASAQ Sadl
dzaSNE 2F (KS OAGeéQa TFTAOSNE LI NIAOdzZ I NI &
guestion whether the economics exist for another pamrito compete against Google Fiber in
the residential market, as least in the shéerm. Over the long term, however, market demand
and structures may change and new opportunities for competition may arise. By building and
owning its own fiber assets, thety of Huntsville has ensured it will be able to react to those
changes and maximize its benefits.

A
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7.3 Open Conduit Model Case Study: West Des Moines, lowa

The city council of the City of West Des Moines, lowa, voted in early July to finance and build a
ubiquitous underground conduit network throughout the cityThe conduit infrastructure will
connect all homes, businesses, and institutions. The conduit network will be available on an open,
non-discriminatory basis for any company wishing to provide competisiervices to consumers

and businesses in West Des Moines. The city views this infrastructure as agtdofeneans of
ensuring besin-class, worleclass communication services over many decades.

The city stated three clear goals for the effort: firequityt that the network would reach all

members of the community. Second, rerclusivity that it would be open to all ISPs for open
and robust competition. Third, financial sustainabilitthat it would be a prudent and viable
investment.

Competitive inernet service provider Google Fiber has agreed to become the first lessee of space
within the conduit system on a neexclusive basis. Google Fiber will build fiber within the
conduit and deliver services throughout the city. It will pay the city basethemumber of
connections made to potential customers. The company committed to a minimum amount over
the first 20 years of operation such that the city has a predictable revenue stream.

This is the first new deployment by Google Fiber in a number obyeradt its first in the state of

lowa. Google Fiber's high profile is likely to drive interest in this pypbi@ate partnership
A0NrGS3e FY2y3 020K OAGASaAa FYyR AYOGSNYySi aSNIIA
this new way of partnering wh cities suggests new expansion by Google Fiber itself and possibly

more announcements of partnerships with citi¥s.

B KSt 0 eWestiDEsAMVBIBes set® S O2YS L2461 Qa 7T X Bds MoineLRedistelbly 2208205 NJ OA G @
https://www.desmoinesregister.com/story/news/local/westesmoines/2020/07/02/googl€fiber-partner-west-
desmoinesfiber-optic-internet-broadbandiowa-high-speed/3279256001(accessed July 2020).

44 Google FibeBlog, https:/fiber.google.com/blog/2020/thankyou-west-desmoines/
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8 Fiber-to-the-Premises Business Structure and Financial Analysis

This sectionof the report provides a financial model arekamines theeconomics for the
deployment and operations of a countywidéder-to-the-premisesnetwork by the Partner
Agencies.

8.1 Retail Model Overview

While a range of potential pubHgrivate partnership models exist, examining a traditional retail
model of this typeprovides the most comprehensive picture of the overall financial viability for
a new fiber-to-the-premisesdeployment. This analysis illuminates necessary -takes and
service pricing for the Partner Agencies to operate gassitive annually.

The financial analysis assumes the Partner Agencies own, operate, and provide broadband data
services to residents and businesses. This financial analysis is based on a number of assumptions,
outlined below.

The model assumes that subscribership for data servigitsamp up over years one through
three, and then remain steady. The analysis does not include inflation and salary cost increases
because we assume that these operating cost increases will be offset and passed on to
subscribers in the form of increaspdices. Models that add an inflation factor to both revenues
and expenses typically greatly overstate future cash flow because net revenues are unlikely to
increase as quickly as inflation. At best, the provider will be able to match expenses increases
with a dollarfor-dollar rate increase, which is what the flat model represents.

The financial model is designed to be cash flow positive in year one; which is accomplished
through startup funding and bond financing. Over time, given the cost to constrathtam,

and operate thefiber-to-the-premisesnetwork, the modelindicates that a 8.5 percenttake-

rate of households and businesses passed will be required to maintain positive cadtaied

on a four percent interest rate and broadband data servipesed as follows:

1 A 1 Gbps residential service at $80 per month
1 A 1 Gbps small commercial service at $100 per month
1 A1 Gbps medium commercial service at $250 per mtnth

These prices are consistent with market dynamics andreifee samerangasD 2 2 3t SQa | y
LYGSNYySiQa m DolLlda aSNWAOSas gKAOK IINB btn |

4 Medium commercial service receives a lower oversubscription rate, that is, less customers sharing the
connection, decreasing the instances etwork congestion reducing overall speeds.
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We assume that 90 percent of businesses will subscribe to the small commercial service, and 10
percent of businesses will purchase mediunmeooercial service.

We assume that all data subscribers will be charged atione $75 connection fee prior to
receiving services.

A financial summary for this model isTable33.

Table33: Retail ModelBase CasEinancial Summary

Income Statement 1 5 10 15 20
Total Revenues $ 4,247,520 $ 147,213,830 $ 154,291,420 $ 161,369,000 $ 168,446,590
Total Cash Expenses (5,056,610) (35,980,670) (39,763,360) (43,528,180) (47,684,850)
Depreciation (18,932,000) (64,726,460) (61,865,150) (60,258,010) (60,258,010)
Interest Expense (12,936,000) (42,447,720) (32,640,000) (20,913,150) (6,477,370
Taxes - - - - -
Net Income $ (32,677,090) $ 4,058,980 $ 20,022,910 $ 36,669,660 $ 54,026,360
Cash Flow Statement 1 5 10 15 20
Unrestricted Cash Balance $ 377,610 $ 2,786,530 $ 15,541,270 $ 63,106,110 $ 129,288,400
Depreciation Reserve - 67,947,850 126,675,575 115,736,715 169,727,215
Debt Service Reserve 16,170,000 57,365,000 57,365,000 57,365,000 57,365,000
Total Cash Balance $ 16,547,610 $ 128,099,380 $ 199,581,845 $ 236,207,825 $ 356,380,615

Total Cash Balance (after investment payments) $ 16,547,610 $ 128,099,380 $ 199,581,845 $ 236,207,825 $ 356,380,615

This base case will not generate a constant positive net income until year four, growing to a net
income ofapproximately$54.0million in year 20. However, the mebwill operate casipositive,

with the cumulative unrestricted cash balangeowing toapproximately$15.5million at the end

of year 10. By the end of year 20, this surplus will tatdrly$130 million.

8.1.1 Municipal Retail Model Base Case Financing

The initial years of network deployment and operations will be cajnitainsive, well beyond

what initial subscriber revenues can support. This analysis projects the County covering these
expenses by issuing a series ofy2@r bonds, totalings1.15 billion Our analysi@ssumes the
bonds will be issued in the firgdur years of deployment, with a 1 percent issuance cost,afd
percent interest rate, with principal payments staimg in the third year after issance. We
assume a debt service reserve of 5 percent is maintained, but that no interest reserve is
necessary

The model assumes a straigitie depreciation of assetand that theoutside plantwill have a
20-year life span whiléhe network equipment will need to be replaced afted years.Customer
premises equipment andhiscellaneous implementation costs will need toreplacedeveryfive
years. Network equipmentincluding last mile and ct@smer premises equipmentvill be
replaced or upgraded at@Bpercent of original coswhile miscellaneous iplementation costs
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(test equipment, vehicles, computers) will be at J#¥Fcent The model plans for a depreciation
reserve accounstarting in yeathree to fundfuture electronics replacements and upgrades.

Table34 shows the income statement for years one, five, 10, 15, and 20. Net income remains
negative in yars one through three, totaling nearly negative $32.7 million in year one and
roughly negative $48.1 million in year three; by year 10, net income will equal over $20.0 million,
growing to approximately $36.7 million in year 15 and almost $54.0 milligean 20.

Table34: Municipal Retail Model Base Case Income Statement

Year 1 Year 5 Year 10 Year 15 Year 20
Income Statement
a. Revenues
Video $ - $ - $ - 8 - $ -
Internet - Residential 3,832,320 132,838,120 139,224,570 145,611,010 151,997,460
Internet - Business 415,200 14,375,710 15,066,850 15,757,990 16,449,130
Total $ 4,247,520 $ 147,213,830 $ 154,291,420 $ 161,369,000 $ 168,446,590
b. Content Fees
Video $ - $ - $ - $ - $ -
Internet 960,000 3,591,340 3,591,340 3,591,340 3,591,340
Voice - - - - -
Total $ 960,000 $ 3,591,340 $ 3,591,340 $ 3,591,340 $ 3,591,340
c. Operating Costs
Operation Costs $ 2,491,510 $ 19,968,420 $ 21,063,510 $ 22,270,170 $ 23,664,660
Labor Costs 1,605,100 12,420,910 14,399,250 16,692,680 19,351,390
Total $ 4,096,610 $ 32,389,330 $ 35,462,760 $ 38,962,850 $ 43,016,050
d. EBITDA $ (809,090) $ 111,233,160 $ 115,237,320 $ 118,814,810 $ 121,839,200
e. Depreciation 18,932,000 64,726,460 61,865,150 60,258,010 60,258,010

f. Operating Income (EBITDA less Depreciation) $ (19,741,090) $ 46,506,700 $ 53,372,170 $ 58,556,800 $ 61,581,190

g. Non-Operating Income

Interest Income $ - $ 313,280 $ 460,100 $ 432,750 $ 567,730
Interest Expense (Bond A) - - - - -
Interest Expense (Bond B) (12,936,000) (42,761,000) (33,100,100) (21,345,900) (7,045,100)

Interest Expense (Loan)

Total $  (12,936,000) $  (42,447,720) $  (32,640,000) $  (20,913,150) $ (6,477,370)

h. Net Income (before taxes) $ (32,677,090) $ 4,058,980 $ 20,022,910 $ 36,669,660 $ 54,026,360
i. Taxes $ - % - 8 - 8 - %
j. Net Income $ (32,677,090) $ 4,058,980 $ 20,022,910 $ 36,669,660 $ 54,026,360

Table 35 shows the cash flow statement for years one, five, 10, 1%, 20. The cumulative
unrestricted cash balance is nearly $378,000 at the end of year one and over $15.5 million by the
end of year 10. By the end of year 15, the unrestricted cash balance is just over $63.1 million; it
is approximately $129.3 million bydtend of year 20.
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Table35: Retail Model Base Case Cash Flow Statement

Year 1 Year 5 Year 10 Year 15 Year 20
Cash Flow Statement
a. Net Income $ (32,677,090) $ 4,058,980 $ 20,022,910 $ 36,669,660 $ 54,026,360
b. Cash Outflows
Debt Service Reserve $ (16,170,000) $ (5,000) $ - 3% - 3 -
Depreciation Reserve - (24,078,240) (23,013,840) (22,415,980) (22,415,980)
Financing (3,234,000) (1,000) - - -
Capital Expenditures (289,873,300) (105,004) (227,009) (1,061,000)

Total $ (309,277,300) $  (24,189,244) $  (23,240,849) $  (23,476980) $  (22,415,980)

c. Cash Inflows

Interest Reserve $ - 3 - 3 - 8 -8
Depreciation Reserve - 4 227,009 1,061,000
20-Year Bond/Loan Proceeds 323,400,000 100,000 - -
Total $ 323,400,000 $ 100,004 $ 227,009 $ 1,061,000 $
d. Total Cash Outflows and Inflows $ 14,122,700 $ (24,089,240) $ (23,013,840) $ (22,415,980) $ (22,415,980)
e. Non-Cash Expenses - Depreciation $ 18,932,000 $ 64,726,460 $ 61,865,150 $ 60,258,010 $ 60,258,010
f. Adjustments
Proceeds from Additional Cash Flows (10 Year $ - 3% - % -3 -3
Bond)
Proceeds from Additional Cash Flows (20 Year $ (323,400,000) $ (100,000) $ - % - $
Bond)
Proceeds from Additional Cash Flows (Loan) $ - % - % - $ - $
g. Adjusted Available Net Revenue $ (323,022,390) $ 44,596,200 $ 58,874,220 $ 74,511,690 $ 91,868,390
h. Principal Payments on Debt
10 Year Bond/Loan Principal $ - 3 - 3 -8 - 3 -
20 Year Bond/Loan Principal - 44,589,200 54,253,700 63,469,200 77,220,000
Total $ - $ 44,589,200 $ 54,253,700 $ 63,469,200 $ 77,220,000
i. Net Cash $ 377,610 $ 107,000 $ 4,620,520 $ 11,042,490 $ 14,648,390
j. Cash Balance
Unrestricted Cash Balance $ 377,610 $ 2,786,530 $ 15,541,270 $ 63,106,110 $ 129,288,400
Depreciation Reserve - 67,947,850 126,675,575 115,736,715 169,727,215
Debt Service Reserve 16,170,000 57,365,000 57,365,000 57,365,000 57,365,000
Total Cash Balance $ 16,547,610 $ 128,099,380 $ 199,581,845 $ 236,207,825 $ 356,380,615

8.1.2 Municipal Retail Model Base Case Capital Additions

Significant network expensesknown as capital additionsare incurred in the first few years
during the consuction phase of the network. These represent the equipment, material and
construction labor associated with building, implementing, and lighting a fiber netWaike36
shows the capital additions costs in years one through four, assuming a 36.5 pekerdte,

or just overl43,000customers.

This analysis projects that capital additions in year one will total approximately $289.9 million.
These costs witbtal just over $388.9 million in year two, ovet®b5.1million in year three, and
roughly $192.9 million in year four.
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Table36: Retail Model Base Case Capital Additions

Capital Additions

1 2 3 4
Network Equipment
Core & GPON Equipment $ 80,356,700 $ - % - 3 -
Video (Resell Partner) - - - -
Voice (Facilities-Based CLEC) - - - -
Additional Annual Capital - - - -
Total $ 80,356,700 $ - 8 - 8 -
Outside Plant and Facilities
Total Backbone and FTTP $ 201,157,500 $ 335,250,000 $ 134,100,000 $ -
Additional Annual Capital - - - -
Total $ 201,157,500 $ 335,250,000 $ 134,100,000 $ -
Last Mile and Customer Premises Equipment
CPE (residential and small commercial) $ 2,131,500 $ 15,627,000 $ 17,758,000 $ 35,515,500
CPE (medium commercial) 15,000 110,000 125,500 250,500
CPE (enterprise) - - - -
Average Drop Cost 5,151,600 37,768,800 42,920,400 85,838,400
Additional Annual Replacement Capital - 1 2 3
Total $ 7,298,100 $ 53,505,801 $ 60,803,902 $ 121,604,403
Miscellaneous Implementation Costs
OSS & Portal $ 400,000 $ - $ - $ -
Vehicles 35,000 140,000 175,000 245,000
Service Equipment 100,000 - - -
Work Station, Computers, and Software 26,000 50,000 52,000 96,000
Fiber OTDR and Other Tools 100,000 - - -
Billing Software 250,000 - - -
Fiber Management Software 150,000 - - -
Additional Annual Capital - - - -
Total $ 1,061,000 $ 190,000 $ 227,000 $ 341,000

Replacement Costs for Depreciation

Network Equipment $ - $ - $ - $ -

Last Mile and Customer Premises Equipment - - - -

Miscellaneous Implementation Costs - - - -
Total $ - $ - $ - $ -

Total Capital Additions $ 289,873,300 $ 388,945,801 $ 195,130,902 $ 121,945,403

8.1.3 Municipal Retail Model Base Case Operating and Maintenance Expenses

The costto deploy afiber-to-the-premisesnetwork goes far beyond fiber implementation.
Network deployment requires additional staffing for sales and marketing, network operations,
and other functions new to the Partner Agenci€beaddition of new staff will requireew office
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space. Similarly, networkwventory requirementswill require warehousing spacelhe Partner
Agencies will need to

1 Expandexistingoffice facilities for management, technicahd clerical staff

1 Open aetail storefront to facilitate customer contact arehhancetheir experience doing
business with thdiber-to-the-premisesenterprise/®

1 Provide warehousing for receipt and storage of cable and hardvior the installation
and orgoing maintenance of the broadbdnnfrastructure

i Establisha location to house servers, switches, routers, and other coetwork
equipment

Trainingnew andexisting staff is important to fully realize the economiestaiting thefiber-to-
the-premisesnetwork. The training will be padularly important in the shorterm as the new
enterprise establishes itself as a unique entity providing services distinct from public services
provided today. We estimate education and training at two percent of direct payroll expenses.

Marketing andsalescosts will also be significant an#ing with <ills in the following disciplines
will be required:

Finance

Vendor Negotiations

Networking (addressingsegmentation)
Marketing

Sales/Promotion

Internet and related technologies
Staff Management

Strategic Planning

= =4 4
= =2 =2 =2

The expanded business and increased responsibilities will require the addition of new staff. The
initial additional positions, staffing levels, and base salaries are showabie37.

These numbers assume one and dradf shifts of both customer service representative support
and customer technicians. Changing to full 24x7 staffing will increase costs. Similarly, reducing
the support hours will decrease the required staffing. In the model, we added 40 percent
overhead to the estimated base (year one) salaries.

46 Due to the size of the enterprise, we assume the County will use existing facilities for office space and a
GAG2NBTFNRY (¢ 6KAOK gAft y20G NBIldZANBE tSIFasS ¥SSao
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Table37: Municipal Retail Model Base Case Labor Expenses

Service Position Total Year 1 Year 2 Year 3 Year 4 Year 5+ Year 1 Salary
Integrity Manager 1.00 1.00 1.00 1.00 1.00 $ 153,500
Manager Communications and Community Outreach - - - - - $ 126,500
GIS Analyst 2.00 2.00 2.00 2.00 200 $ 94,000
Senior IT Specialist 1.00 1.00 1.00 1.00 1.00 $ 120,000
IT Specialist 1.00 1.00 2.00 2.00 200 $ 102,000
Customer Account Rep |1 2.00 3.00 3.00 3.00 3.00 $ 68,000
Customer Account Rep | 2.00 13.00 26.00 52.00 52.00 $ 59,000
Field Services Technician 1.00 5.00 9.00 18.00 18.00 $ 101,000
Account Clerk Il 1.00 1.00 1.00 1.00 1.00 $ 68,000
Customer Account Rep | 1.00 7.00 14.00 27.00 27.00 $ 59,000
Field Services Technician 1.00 4.00 5.00 5.00 500 $ 101,000
Total 13.00 38.00 64.00 112.00 112.00

¢ KS t I NIy SN loBeSp¢nsds tilit@al jiisotrdr $1.6 inilliah in year one, $4.1 million
in year two, $6.6 million in year three, and $11.1 million in year four on.

Additional key operating and maintenance assumptions include:

Insurance

Utilities

Office expenses

Underground utility locates and ticket processing for underground outside plant
Legal fees

Professional service fees

= == = =4 =4 A -

Pole attachment expenses for aerial outside plant

Vendor maintenance contract fees are expected to start at $8.9 million in year twoeamain
steady from year two on (based upon 15 percent of accrued investment for network electronics).
Annual variable operating expenses not including direct internet access include:

1 Education and training are calculatedta® percent of direct payrdlexpense
1 Allowane for bad debts is computed asb(percent of revenues

1 Churn is anticipated to be six percent annually, which initiates a $175 per subscriber
acquisition cost

The estimated cost of electronic billing for the néher-to-the-premisesenterprise is $0.20 per
bill.
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Fiber and network maintenance costs are calculated at 0.4 percent of the total construction cost
per year. This is estimated based on a typical rate of occurrence in the Multhomah County
environment, and the cost of individual rejps This is in addition to staffing costs to maintain
the fiber.

Table38 shows projected operating expenses for years one, five, 10, 15, and 20. Some expenses
will remain constant while others will increase as the network expands and the customer base
increases.

Table38: Retail Model Base Case Operagiexpenses and P&l Payments

Year 1 Year 5 Year 10 Year 15 Year 20

Operating Expenses
Insurance - 432,000 476,960 526,600 581,410
Utilities 100,000 216,000 238,480 263,300 290,710
Office Expenses 25,000 54,000 59,620 65,830 72,690
Facility Lease - - - - -
Locates & Ticket Processing 250,800 2,708,320 2,990,200 3,301,410 3,645,030
Contingency 100,000 216,000 238,480 263,300 290,710
Fiber & Network Maintenance 825,240 3,638,250 4,016,920 4,435,010 4,896,600
Vendor Maintenance Contracts - 8,918,000 8,918,000 8,918,000 8,918,000
Legal 100,000 54,000 59,620 65,830 72,690
Consulting 150,000 81,000 89,430 98,740 109,010
Marketing 750,000 270,000 298,110 329,130 363,390
Education and Training 32,100 248,420 287,990 333,850 387,030
Customer Billing (Unit) 10,300 370,830 405,160 442,930 494,440
Allowance for Bad Debts 21,240 736,070 771,460 806,850 842,230
Churn (acquisition costs) 38,640 1,390,600 1,519,360 1,661,000 1,854,140
Pole Attachment Expense 88,190 634,930 693,720 758,390 846,580
Video - - - - -
Internet 960,000 3,591,340 3,591,340 3,591,340 3,591,340
Voice - - - - -
Sub-Total $ 3,451,510 $ 23,559,760 $ 24,654,850 $ 25,861,510 $ 27,256,000
Labor Expenses $ 1,605,100 $ 12,420,910 $ 14,399,250 $ 16,692,680 $ 19,351,390
Sub-Total $ 1,605,100 $ 12,420,910 $ 14,399,250 $ 16,692,680 $ 19,351,390
Total Expenses $ 5,056,610 $ 35,980,670 $ 39,054,100 $ 42,554,190 $ 46,607,390
Principal and Interest $ 12,936,000 $ 87,036,920 $ 86,893,700 $ 84,382,350 $ 83,697,370
Taxes - - - - -
Sub-Total $ 12,936,000 $ 87,036,920 $ 86,893,700 $ 84,382,350 $ 83,697,370
Total Expenses, P&I, and Taxes $ 17,992,610 $ 123,017,590 $ 125,947,800 $ 126,936,540 $ 130,304,760

8.2 Retail Model Sensitivity Scenarios
In this section, we demonstrate how fluctuations in certain key assumptions in the base case can
affect the financial modeling (i.e., thake-rate required for positive cash flow).

Note that some of these scenarios may not be realistically attainable. They are meant to
demonstrate the sensitivity of the financial projections to these assumptions. Some of our
assumptions will dramatically impact the feasibility of the model.
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In particular ve examine fluctuations in the bond funding rate and the total estimated capital
cost. The following tables illustrates how these fluctuations taken individually impact the
required takerate required for positive cash flow.

Table39: Bond Rate Sensitivity Analysis Summary

Scenario Bond Required

Rate TakeRate
Base Case2.0 pp 2.0% 31.0%
Base Case 4.0% 36.5%
Base Case + 2.0 pp 6.0% 44.0%

Table40: Capital Cost Sensitivity Analysis Summary

Scenario Required

TakeRate
Base Casel5% CapEx 30.5%
Base Case 36.5%
Base Case 5% CapEx 44.5%

8.2.1 Retail Model Scenario 1: Base Case
As we previously noted, the base case shows that a 36.5 peaentate is required to maintain
cash flow.Tabk 41 shows a financial summary for this scenario.

Tabk 41: Retail ModelBase CasEinancial Summary

Income Statement 1 5 10 15 20
Total Revenues $ 4,247,520 $ 147,213,830 $ 154,291,420 $ 161,369,000 $ 168,446,590
Total Cash Expenses (5,056,610) (35,980,670) (39,763,360) (43,528,180) (47,684,850)
Depreciation (18,932,000) (64,726,460) (61,865,150) (60,258,010) (60,258,010)
Interest Expense (12,936,000) (42,447,720) (32,640,000) (20,913,150) (6,477,370
Taxes - - - - -
Net Income $ (32,677,090) $ 4,058,980 $ 20,022,910 $ 36,669,660 $ 54,026,360
Cash Flow Statement 1 5 10 15 20
Unrestricted Cash Balance $ 377,610 $ 2,786,530 $ 15,541,270 $ 63,106,110 $ 129,288,400
Depreciation Reserve - 67,947,850 126,675,575 115,736,715 169,727,215
Debt Service Reserve 16,170,000 57,365,000 57,365,000 57,365,000 57,365,000
Total Cash Balance $ 16,547,610 $ 128,099,380 $ 199,581,845 $ 236,207,825 $ 356,380,615

Total Cash Balance (after investment payments) $ 16,547,610 $ 128,099,380 $ 199,581,845 $ 236,207,825 $ 356,380,615
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8.2.2 Retail Model Scenario 2: Bond Funding Rate Increased 2 points to 6.0 Percent
Our second scenario looks at the implications of an increase in bond funding rates from our base
case o#.0 percent to 6.0 percent. All other assumptions remain the same as our base case.

The increased cost of borrowing in this scenario would necessitate an incriegksaate of 44.0
percent to remain cash positive, which we expect would be highly unli@elitain and maintain
in an environment with more than one existing broadband provider in many areas.

Table42 shows a financial summary for this scenario.

Table42: Retail ModelScenario ZFinancial Summaryg Bonding Funding Rate IncreasedP@ints to 6

Percent
Income Statement 1 5 10 15 20
Total Revenues $ 5,119,920 $ 177,459,990 $ 185,991,720 $ 194,523,450 $ 203,055,180
Total Cash Expenses (5,075,260) (40,176,150) (44,438,980) (48,629,020) (53,255,160)
Depreciation (20,640,960) (71,018,540) (67,569,280) (65,648,570) (65,648,570)
Interest Expense (20,964,000) (70,348,800) (56,289,780) (37,732,740) (12,684,160
Taxes - - - - -
Net Income $ (41,560,300) $ (4,083,500) $ 17,693,680 $ 42,513,120 $ 71,467,290
Cash Flow Statement 1 5 10 15 20
Unrestricted Cash Balance $ 465,560 $ 898,460 $ 13,377,240 $ 73,599,440 $ 161,181,130
Depreciation Reserve - 74,088,290 132,097,425 106,793,495 158,906,645
Debt Service Reserve 17,470,000 62,390,000 62,390,000 62,390,000 62,390,000
Total Cash Balance $ 17,935,560 $ 137,376,750 $ 207,864,665 $ 242,782,935 $ 382,477,775

Total Cash Balance (after investment payments) $ 17,935,560 $ 137,376,750 $ 207,864,665 $ 242,782,935 $ 382,477,775

8.2.3 Retail Model Scenario 3: Bond Funding Rate Decreased 2 points to 2.0 Percent
Our second scenario looks at timaplications of a decreased bond funding rate from our base
case of 4.0 percent to 2.0 percent. All other assumptions remain the same as our base case.

The decreased cost of borrowing in this scenario would reduce to reqtaasrate to 31.0
percent to emain cash positive still challengingput an indication thatlow-cost borrowing
clearly improves the business ca3able43 provides a financial summary for this ogui.
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Table43: Retail ModelScenario Financial Summaryg Bonding Funding Rate IncreasedP@ints to 6

Percent
Income Statement 1 5 10 15 20

Total Revenues $ 3,609,360 $ 125,029,760 $ 131,040,800 $ 137,051,850 $ 143,062,890
Total Cash Expenses (5,042,950) (33,604,480) (37,069,460) (40,598,930) (44,495,750)
Depreciation (18,828,640) (61,263,180) (58,833,030) (57,225,890) (57,225,890)
Interest Expense (6,324,000) (19,592,600) (14,308,580) (8,663,850) (2,266,970
Taxes - - - - -
Net Income $ (26,586,230) $ 10,569,500 $ 20,829,730 $ 30,563,180 $ 39,074,280

Cash Flow Statement 1 5 10 15 20
Unrestricted Cash Balance $ 695,310 $ 2,599,620 $ 10,910,190 $ 43,558,890 $ 88,822,930
Depreciation Reserve - 64,726,940 126,131,045 118,224,635 175,296,585
Patronage Reserve - - - - -
Operating Reserve
Interest Reserve - - - - -
Debt Service Reserve 15,810,000 54,235,000 54,235,000 54,235,000 54,235,000
Total Cash Balance $ 16,505,310 $ 121,561,560 $ 191,276,235 $ 216,018,525 $ 318,354,515

Total Cash Balance (after investment payments) $ 16,505,310 $ 121,561,560 $ 191,276,235 $ 216,018,525 $ 318,354,515

8.2.4 Retail Model Scenario 4: Capital Costs Increased by 15 Percent

Our fourth scenario looks at the implications of higleapital costs relative to the based case,
with the estimated costs for each capital addition increased by 15 percent. All other assumptions
remain the same as our base case.

The increased capital costs in this scenario would necessitate an incresgedhte of 44.5
percent to remain cash positive, which we expect would be highly unlikely to attain and maintain
in an environment with more than one existing broadband provider in many areas.

Table44 shows a financial summary for this scenario.
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Table44: Retail ModelScenario 4inancial Summaryg Capital Costs Increased by 15 Percent

Income Statement 1 5 10 15 20
Total Revenues $ 5,179,320 $ 179,477,250 $ 188,105,960 $ 196,734,680 $ 205,363,390
Total Cash Expenses (5,080,280) (40,489,860) (44,791,760) (49,014,430) (53,676,600)
Depreciation (23,837,610) (85,020,040) (80,410,770) (78,201,950) (78,201,950)
Interest Expense (15,736,000) (52,520,050) (40,457,500) (26,054,000) (8,287,620
Taxes - - - - -
Net Income $ (39,474,570) $ 1,447,300 $ 22,445,930 $ 43,464,300 $ 65,197,220
Cash Flow Statement 1 5 10 15 20
Unrestricted Cash Balance $ 486,684 $ 3,766,748 $ 19,983,248 $ 81,491,748 $ 167,512,578
Depreciation Reserve - 88,315,900 147,735,525 110,816,715 162,925,245

Patronage Reserve - - - - -
Operating Reserve - - - - -
Interest Reserve - - - - -
Debt Service Reserve 19,670,000 70,865,000 70,865,000 70,865,000 70,865,000

Total Cash Balance $ 20,156,684 $ 162,947,648 $ 238,583,773 $ 263,173,463 $ 401,302,823

Total Cash Balance (after investment payments) $ 20,156,684 $ 162,947,648 $ 238,583,773 $ 263,173,463 $ 401,302,823

8.2.5 Retail Model Scenario 5: Capital Costs Decreased by 15 Percent

Our fifth scenario looks at the implications of a lower capital costs relative to the based case
estimates, with each capital addition decreased by 15 percent. All other assumptions remain the
same as our base case.

As with a reduced bond funding rate,ehdecrease in capital costs significantly reduces the
requiredtake-rate to remain cash positive to 30.5 percent.

Table45 shows a financial summary for this scenario.

Table45: Retail ModelScenario F-inancial Summaryg Capital Costs Decreased by 15 Percent

Income Statement 1 5 10 15 20
Total Revenues $ 3,549,960 $ 123,013,490 $ 128,927,600 $ 134,841,710 $ 140,755,820
Total Cash Expenses (5,039,110) (33,171,940) (36,573,770) (40,055,730) (43,900,090)
Depreciation (15,950,890) (50,293,240) (48,563,620) (47,197,550) (47,197,550)
Interest Expense (10,976,000) (34,611,540) (26,565,070) (16,952,180) (5,116,810)
Taxes - - - - -
Net Income $ (28,416,040) $ 4,936,770 $ 17,225,140 $ 30,636,250 $ 44,541,370
Cash Flow Statement 1 5 10 15 20
Unrestricted Cash Balance $ 324,396 $ 1,958,430 $ 10,792,160 $ 46,723,160 $ 96,476,370
Depreciation Reserve - 53,362,190 109,311,805 106,628,385 159,176,575

Patronage Reserve - - - - -
Operating Reserve - - - - -
Interest Reserve - - - - -
Debt Service Reserve 13,720,000 46,860,000 46,860,000 46,860,000 46,860,000
Total Cash Balance $ 14,044,396 $ 102,180,620 $ 166,963,965 $ 200,211,545 $ 302,512,945

Total Cash Balance (after investment payments) $ 14,044,396 $ 102,180,620 $ 166,963,965 $ 200,211,545 $ 302,512,945
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8.2.6 Retail Model Scenario 6: Residential Service Fee Reduced to $50 per month

Our sixth scenario looks at the implications of lower revenues at a giverraddeelative to the
base case scenario by reducing the standard gigabit Internet service fee from $8a ta fp66e
point our market researclsuggestsvould optimize potential takeate. All other assumptions
remain the same as our base case.

The significantly reduced revenue per subscriber requires anaieeof 70.0 percent to remain
cash positive, much higher thather scenarios.

Table46 shows a financial summary for this scenario.

Table46: Retail ModelScenario @-inancial Summary Residential ServicEee Reduced to $50 per

Month
Income Statement 1 5 10 15 20
Total Revenues $ 5,389,800 $ 186,788,780 $ 195,769,010 $ 204,749,240 $ 213,729,470
Total Cash Expenses (5,438,860) (52,125,000) (57,947,100) (63,330,210) (69,273,590)
Depreciation (22,703,760) (88,966,240) (83,478,800) (81,244,530) (81,244,530)
Interest Expense (14,596,000) (55,033,420) (42,674,030) (27,823,630) (9,504,430
Taxes - - - - -
Net Income $ (37,348,820) $ (9,335,880) $ 11,669,080 $ 32,350,870 $ 53,706,920
Cash Flow Statement 1 5 10 15 20
Unrestricted Cash Balance $ 393,640 $ 39,275,690 $ 1,540,380 $ 5,782,750 $ 30,088,870
Depreciation Reserve - 91,066,580 139,344,045 89,423,375 129,301,425
Debt Service Reserve 18,245,000 73,765,000 73,765,000 73,765,000 73,765,000
Total Cash Balance $ 18,638,640 $ 204,107,270 $ 214,649,425 $ 168,971,125 $ 233,155,295

Total Cash Balance (after investment payments) $ 18,638,640 $ 204,107,270 $ 214,649,425 $ 168,971,125 $ 233,155,295

188



Multnomah County Broadband Feasibility Study | September 2020

Appendix A: Mailed Residential Survey Instrument

Multnomah County and the
Cities of Fairview, Gresham,
Portland, Troutdale, and
Wood Village

Residential Internet Survey
February 2020

2

Y LSy
vranor Wood
Village

L

Even if you do not have home internet
service, please complete the relevant
portions of this survey form and return to
us. Your opinions, experiences, and
information are important to us.
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Multnomah County and the cities of Fairview, Gresham,
Portland, Troutdale, and Wood Village are sending you this
survey as part of its research into how residents use internet
services. The information gathered will not be used to sell you
anything. It will not be used for any purpose other than to help
the County and Cities understand how residents use internet
services and to explore strategies to improve internet
accessibility and affordability in Multhomah County.

Even if you do not have internet access at your home, please
complete the relevant portions of this survey. We value your
input.

How long will the survey take?
This survey should take approximately 10 minutes to complete.

What is the due date to complete the survey?
Please return your completed form in the enclosed postage-
paid envelope by February 28, 2020.

What if | have questions about the survey?
If you have questions regarding this survey, please contact:

Jacob Farkas

Multnomah County, Department of County Assets, Information
Technology Project Manager

503.988.7573

jacob.e.farkas@multco.us

Thank you in advance for your participation!
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1

Which of the following services do you currently purchase for your

ho

B EE EEEE

Ho

usehold or personal use? (v all that apply)

Internet service in my home {excluding cellular/mobile)

Cellular/mobile service with internet {smartphone)
Cellular/mobile telephone service without internet {basic phone)
Fixed {land line) telephone service

Cable television or satellite television

Don’t know

None of the above

w important are the following services to your household? (piease circle

your response for each aspect, where 1=Not at all important, 2=Slightly important,
3=Moderately important, 4=Very important, 5=Extremely important)

Not at alf Extremely
Aspect : :

important important
{a) Internet connection (any speed) 1 2 3 4 5
{b) High-speed internet connection 1 2 3 4 5
{c) Cable television service il 2 3 4 5
{d) Fixed (land-line) telephone service 1 2 3 4 5
(e) Cellular/mobile telephone service 1 2 3 4 5

What is your primary home internet service connection? (v only one)

Bl HE EEEE

[o] [

No home internet service (Please skip to Question 17)
Telephone line {dial-up)

Digital Subscriber Line {(DSL) {from CenturyLink, Frontier, or other)
Cable modem internet {from Comcast)

Satellite internet (from HughesNet, ViaSat, VSAT, etc.)
Cellular/mobile internet {smartphone, mobile hotspot)
Fiber-optic connection {from CenturyLink, Wave G, Frontier, or
other)

Fixed wireless service {from Stephouse, CoHo, or other -- not just
wireless router in home)

Other (Please specify: )
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4. How important are the following aspects of your primary home internet
service? (please circle your response for each aspect, where 1=Not at all
important, 2=Slightly important, 3=Moderately important, 4=Very important,
S=Extremely important)

Jnpack i natia
(a) Speed of connection 1 2 3 4 5
{b) Reliability of connection 1 2 3 4 5
{c) Price of services 1 2 3 4 5
{d) Overall customer service 1 2 3 4 5
{e) Ability to “bundle” with TV and phone 1 2 3 4 5

5. How satisfied are you with the following aspects of your current home
internet service? (please circle your response for each aspect, where 1=Not at
all satisfied, 2=Slightly satisfied, 3=Moderately satisfied, 4=Very satisfied,
S=Extremely satisfied)

gy Saified " Sotsfied
(a) Speed of connection 1 2 3 4 5
{b) Reliability of connection 1 2 3 4 5
{c) Price of services 1 2 3 4 5
{d) Overall customer service 1 2 3 4 5
{e) Ability to “bundle” with TV and phone 1 2 3 4 5

6. How many personal computing devices (desktop/laptop computers,
tablets, smartphones) do you and members of your household have in
your home?

1to3
4t06
7 or more

| do not have any personal computing devices in my home
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10.

11.

How many other smart devices do you have in your home (internet-
capable gaming consoles, smart TVs, etc.)?

lor2
3ord
5 or more

| do not have any personal computing devices in my home

Approximately how much does your household pay PER MONTH for
your home internet service (not including television or phone service if
you bundle services)?

Free $61 t0 $80
$1t0 $20 [6] $81to$100
$21 to $40 $101 to $120
$41 to $60 More than $120

Is the fee in Question 8 part of a bundled package (purchased together
with cable TV or phone service)?

Yes
No

How would you describe the speed of your Aome internet connection?

Very Slow
Slow
Medium
Fast
Very Fast

How likely is it that you would: (please circle your response for each aspect,
where 1=Not at ail likely, 2=Slightly likely, 3=Moderately likely, 4=Very likely,
S=Extremely likely)

Not at Alf Extremely

Fact
ARt Likely Likely

(a) Recommend your home internet

g ; 1 2 3 4 5
service provider to someone else

{b) Renew your contract with your
internet service provider

(c) Switch your primary home internet
service provider if an alternative 1 2 3 4 5
provider were the same price
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12. How often does your family use your Aome internet connection
{excluding cellular/mobile) for: (please circle your response for each activity)

Home Internet Activity Never Occasionally | Frequently

(a) Streaming music (music over the
internet)

{b) Streaming video (movies or TV
over the internet)

(c) Playing online games

1 2 3

=
w

{d) Connecting to a work network

(e) Using social media

(f) Shopping online

{g) Running business from home

(h) Accessing educational resources

(i) Accessing government information

(i) Accessing medical services

Rrlr|lkr|r|lr|[r],r]|R]~
NININININD NN NN N
Wwlwlw|lw|lw|lw|lw|w|w

{k) Banking or paying bills

{I) Accessing home security, cameras,
or other “smart home” devices

{m) Accessing cloud-based file storage
and sharing

=
N
w

13. How often does your family use your mobile/cellular internet
connection for: (please circle your response for each activity)

Home Internet Activity Never Occasionally | Frequently
{a) Streaming music (music over the 1 5 3
internet)
{b) Streaming video (movies or TV
i 1 2 3
over the internet)
{c) Playing online games 1 2 3
(d) Connecting to a work network 1 2 3
{e) Using social media 1 2 3
{f) Shopping online 1 2 3
(g) Running business from home 1 2 3
{h) Accessing educational resources 1 2 3
{i) Accessing government information 1 2 3
(i) Accessing medical services 1 2 3
(k) Banking or paying bills 1 2 3
(I) Accessing home security, cameras,
", ” 2 1 2 3
or other “smart home” devices
(m) Accessing cloud-based file storage
. 1 2 3
and sharing
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Net neutrality refers to the equal treatment by your internet service provider
of data on the internet. A net neutral network is one on which your ISP
provides you access to all content at the same speed and without preference
or blocking of content.

14. Is net neutrality something that you would consider in selecting your
ISP?

Yes No Unsure

15. How willing would you be to switch your ISP to a net neutral ISP for
$15 more than you are currently paying? (please circle your response,
where 1=Not at all willing, 2=Slightly willing, 3=Moderately willing, 4=Very
willing, 5=Extremely willing)

Not at alf Slightly Moderately Very Extremely
willing willing willing willing willing
1 2 3 4 5

16. How important to you are the following features in your Aome internet
service? (please circle your response for each aspect, where 1=Not at all important,
2=Slightly important, 3=Moderately important, 4=Very important, 5=Extremely
important)

Not at All Extremely

Feat
eature Important Important

{a) | can choose from multiple internet

. ) 1 2 3 4 5
service providers

{b) | can buy internet service with very high
connection speeds

{(c) |can buy internet service with
symmetrical connection speeds

(d

~—

| can be confident that my service
provider does not sell data about me or 1 2 3 4 5
my family

| can be confident that my service
provider treats all trafficin a “net
neutral” way so that | choose what 1 2 3 4 5
information or service | access on the
internet

(f) 1 can “bundle” my internet with other
other services such as cellular, 1 2 3 4 5
video/cable, or telephone

-—

(e
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