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1 Executive Summary

The Delaware Department of Technology & Informat{dil)hired CTC Technology & Energy
(CTCin fall 2020 todevelop a pragmatic, actionable broadband strategic fptanhe State As a
framework for this effort, DTI focused on broadband service gabédA 3 A G | fr wiSch dzA ( & ¢
requires broadband accegmeaninghigh-speed service is availahJéut also that such access is
affordable, that residents own or have accessmelHunctioning devices, and that they possess

the skills needed to effectively usedadband and computers.

1.1 Summary of tasks

Over the course of fall and early winter 2020, the CTC project team conducted quantitative and
qualitative research to undesty R 5 St I g I NJavAibilityand digRabelufygaps and
opportunities.Specifically, the project team:

1. Assessed the current state oésidential andcommercialbroadbandinfrastructure and
services We evaluatd the current availability of broadind in Delaware through a
rigorous desk surveyand extensive, targeted field surveys of telecommunications
infrastructure

Our goalwas to develop an understandinggf where Delaware is unserved with
broadband at 25 Mbps download3 Mbps upload (25/3)as ddined by the Federal
Communications CommissioRGQ; but also at the 10/1 Mbps threshottiat previously
hasappliedto the US Department of AgricultureQ &JSDAReConnecgrant and loan
program, as well agther federal funding programgd:hiseffort informed the partnership
and grantstrategieswe developed

2. . SYOKYFNJ SR 5SSt gl N5Qa 0 NRI RO UsifigRtheldgidwet | 0 A f .
developed and other publicly ailable data, webenchmarked the SaSQa o NRBI RO I
availability relative to othestates.

3. Surveyed Delaware residents and business&ge conducted a mail survey Dielaware
residents togatherstatistically validlata on broadband adoption angset with a focus
on identifying digital equity issues and concerns.

4. Hosted an online speed & tool. To complement the service availability data, we hosted
Ly 2yftAyS &aLISSR GdSad dGz22¢t G2 3IFGKSNI RIFGE
broadband serwes.

5. Prepared higHevel desigrs and cost estimats for fiber and fixed wirelesroadband
deployment./ ¢ /efgieersdeveloped hightlevel candidate desigrand cost estimats
for networkdeploymentsthatwould¥ A £t £ GKS {0FGS5SQa oNRIFIROFYR



6. Corducted outreach to potential broadband providerpartners, and key stakeholders
To inform ar recommendations aboupartnerships and grant strategs, we engaged
with internet service providerdSPRand other potential partners to identify their interes
in partnering with the Stateas well as theiissues and concerni addition,in developng
this report, we engaged wide range of stakeholders throughout the Stated provided
them withthe opportunity to offer input and feedback on ttstrategic direction.

7. Analyzedfederal funding opportunities. With a particular focus on th& / / just
concluded Rural Digital Opportunity Fund (RDOF) auction, we analyzed federal funding
opportunitess YR 0 KS AYLX AOIF GA2Yy A& BHbrt-andlonGterh ¢ 1 NR &
planning.

8. Developed recommendations, including potential partnership approachBsaving on
the data and analysis produced throughout the engagement, we developed a series of
actionablerecommendations for partnership approaches antiat steps the State can
take to address itdigital equity and broadband service gaps.

1.2 Summary of finding s
The key findings described in this report include the following:

1.2.1 Delaware has been a pioneer in broadband deployment for decades

The Stateof Delawar®@ & Ay y 2@l G A GBS STFF2NIa G2 RIFIGS KIF @S
connected states in the countrand provide valuable best practices to be leveraged in efforts to
close the remaining gap

The State has been deploying internal telecoumications infrastructure since the 1990s.
Because of thipioneeringeffort, robust communications capacity hasdmeavailable to key
anchor institutions in Delaware ahead of those in many other states. Additionally, the State has
made significant inroaglin addressing the challenges ofservedresidents

Impactful interagencycollaboration among DTI, the Delawaredaement of Transportation
(DelDOT)and the Delaware Department of Education (DOE) has led to an extensiveideate
infrastructure networkand meaningful partnerships to serwesidents For example5 ¢ L Q a
partnership with fixed wireless provider Bloogthias extended service to much of rural Sussex

1 The stakeholders engaged in the developmefithis report included: State Senator Brian Pettyjohn; State
Representatives Ruth Brigisng, Krista Griffith, and Jeff Spiegelman; Mark Cabry, University of Delaware; Russ
Ehrlich, Delmarva Power; Patched,Hielaware Department of Education; Mike Rioki, New Castle County;

Dwayne Kilgo, Sussex County; Todd Lawson, Sussex County; Sean Looney, Comcast; Kendell Massett, Delaware
Charter Schools Network; Bonnie Metz, Verizon; Linda Parkowski, Kent Countfaytdr, Delaware Prosperity
Partnership; Rhard Wilkins, Delaware Farm Bureau; and Kevin Yingling, Delaware Electric Cooperative.



and Kentcounties, while DOE has supported a program to connect eligiblenoasme students
G2 .ft22adNFQa ySUug2N] @

This culture of partnership also &1 and DO implement the Connect Delaware program i
2020 the programused federal CARES Act funding mth the extension of broadband
infrastructure inthe Stateand the provision of free broadband service for fowome students
through the 2021 dendar year.

1.2.2 Approximately 11,600 Delaware homes and b usinesses lack broadband service

in contiguous unserved portions of the State
Our extensive desk and field surveys determined thaestimated11,800homes and businesses
in contiguous parts afhe Stee are unserved withvired broadband based on the cuent federal
definition of broadband(25/3). Figure 1 illustrates these contiguousareas designated as
unservedoy FCG-orm 477 data and validated through our extensive desk and field surveys

We found approximately 450 homes abhdsinesses are unserved in New Castle County, 3,800 in
Kent County, and 7,350 in Sussex County.

In addition tothese contiguous unserved areas, we note that witlinK S { niobtlji &Qed
areas, there exist small clusters of unserved addresses wharmbyent ISPs have not extended
their infrastructure primarily because they are not required to do so by franchise requents,

and the potential return on investment is not high enough to merit the cost to pick up those
customers. While it is difficult testimate how many of these isolated unserved premises exist
without addresslevel data or field surveys (and they tleéore are not included in our maghey
likely number in the low hundreds statewide.

2FCC data are presented at the census block level, and the FCC considers a census block served if just one of the
premisesin the block could be served. The data thesd to overestimate service availability, particularly for rural

areas where one census block can span many square miles. FCC service data are also inconsistent for parks, wildlife
reserves, and other nepopulated areas. For example, ifan ISP has exfeRd a SNBA OS (2 | aAy3t S
building, FCC data may show a large unserved area around that location as being served. Our desk and field

surveys sought to correct for those issues. Unless othemased, the maps presented in this report regzent

data augmented by our field surveys. We also note that, in future State initiatives to work with ISPs to build out
networks, providers will need to demonstrate where they do and do not serve, presentiogpamtunity to

further augment the FCC data.

¢
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comparable to those of neighboring states
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to determine how Delaware compares to four nearby statesMaryland, New Jersey,

Connecticut, and Rhode Islandvith respect to broadband accesaduse.

Delaware ranked comparably among the four other states in all aspéots analysisncludng:

1 Percent of premises with accetgsbroadband services atarious speed tiers
1 Percent of premiseserved bythree or more broadband providers

1 Percentof premises with access to fixed terrestrial broadband providers at various speed
tiers and degrees of competition

Percent of householdsitlhh no internet access

Percent of households with no computer

1

1

1 Percent of households in which a memberaquired to telework

1 Percent of households with children whose school learning was affect&ibig19
A4

1.2.4 Residential survey results indicate a high level of service availability ? but
significant barriers to adoption and effective use of broadband and compute rs

Most respondentsi 2 G KS { {reporedifat hawviad &8s to higipeed internet was
extremely important to them, especially among those owtelework, have a hombased
businessor who use the internet to pursue educational opportunities. Almost all respondents
had some form of home internet access, ypercent accessed the internat home primarily

through theirmobile/cellular subscrippns

One in10 households with childmn reported that a lack of internet access prevented their
childrenfrom completing homework assignments.

Only four inLOrespondentdelt that the market currently provides higépeed internet at a price
their houséiold can afford. Discounted internetiséces and subsidy prograrase available but
appear to be significantlynderused with manylow-incomerespondentsreporting theywere
unaware ofLJNE 3 NJ Ya & dzOK -perdnonthiérddt Bssetdials servioe

Although almost all respondents reed being able to access the internet at home from a
desktop, laptoppr tablet, many experience periodic problems with these devices anefomeh

of respondents did not know how to troubleshoot issues with techggld@hesame fraction of
respondents s it would take them one to six months or longer to replace their computer if it



broke. This suggests that device problems may eclipse broadband connextogs as a barrier
for a significant portion of the Sta@@d LJ2 LJdzf | G A 2 Yy

When it comes to skilland avoiding harms, the data were mixel.majority of respondents
expressed agreement or strong agreement that they know hmwpload content to a website
(63 percen), creat andmanage a social media profile (60ercen)), and connect with a doctor
online (58perceni. Howeverthosepercentagesleclined for older and loweincome residents.

Additionally,many respondents disagreed or strondigagreed that their children have the skills
to identify false or miglading information (45erceny), avad online bullying by peers (41

percen), detect and avoid online scams and predatorsg@&dcent), or avoid exposure to graphic

violence or pornography online (P&rcen.

Clearly, Delawareans fabeoadbandskills gast but they are also looking for hel Almost half

expressed a desire to become more confident in using computers, smartphones, and the
internet.

1.2.5 The Covid-19 pandemic A £#£ZAAOAA OAOEAAT 008 AOT AAAAT A 1
Survey espondents reported increased use of and derd for broadband services duringeth

Covid19 pandemic. Almost all (99 percent) respondents access the internetsoomelocation,

including a range of locations outside the home. However, use of the internet outside of the
home declined significantly ding the Coviel9 pandemic.

Notably, use of the internet fora variety of critical activities increased substantially during the

pandemic as compared to pygandemicitelemedicine or medical appointments (pErcentvs.

75 percend, homework (3Qoercentvs. 37perceni, attendingonline classes (2@gercentvs. 45

percen)), and homeschoalg (6 percentvs. 24percen. Additionally, 45 percent of respondents

reported usingthe internet for teleworking on a daily basis, compared with 16 percent of

respondens before the pandemiclhese shifts may persist after the pandemic ends.

1.2.6 Fiber-to-the-D OAT EOAO 10 AEEGAA xEOAI AOO 1 AOxIT OE
broadband gaps

/ ¢/ Qa Sy3aAySSNE RStathehedises and jixBA WrelésS netfdrks $oNJ

illustrate and estimate the cost¥ 2 NJ L2 G Sy GAlf GSOKYyAOFft &2f dzii?2

service gapsConstructingfiber-to-the-premises to connect 11,634 unserved addressesild

cost approximately $75 millignnclusive of fibeto-the-premises infrasucture and electronics,



as well asservice drops and customer premises equipmaht60 percent ofthe unserved
premises’

On a pepassing basis, thefiber-to-the-premisesdeployment would cost about $5,550a
number comparable tthe cost inother communitiesthat, like Delawee, with a high percentage
of aerial infrastructure and relatively low housing density.

While fiberto-the-premises represents the besi-class class technical solution to address
broadband needs in the lortgrm, there exist a rage of lowercost wireles approaches to meet

the most critical broadband needs in the short term. We examined using fixed wireless
technologies that can be deployed relatively quickly, are impactful at any funding level, and
leverage existing infrastructarto expand reach and deice deployment timeframes. These are

not solutions offering ubiquitous coverage and they are not able to deliver-hkercapacity

but asatargeted solution theycould provide @roadbandiifeline to facilitate distance learngn

for students, job seahes, access to government services, and access to healthcare professionals
in the ongoing pandemic crisis.

We found that a fixed wireless network using the Citizens Broadband Radio Service (CBRS) band

at 57 existingtower locatiors could effectively se& 1 ¢ LISNOSyd 2F GKS {4
currently are unserved by wireline netwonkslthough, as discussed, it would have clear
technical limitations relative to a fiber optic network. (We note, too, that 100 percent of unserved
premises could be connestl using fiber.Our candidate fixed wireless network would have a

capital cost of $10.6 million but high ongoing operating costs.

1.2.7 Incumbent ISPs could use an edge-out approach to reach almost 90 percent of

unserved residents
As analternative to constructing a new fibgo-the-premises or fixed wireless network, we
evaluated whether incumbent ISPs could extend their existing network footprints to reach
unserved residents. a Ay 3 GKS {dFG§SQa DL{ HRmsénkedoatedsSahd G KS {
2dz2NJ FASTR YR RS&1 &adz2N®¥Seé NBadzZ Gax / ¢/ Qa Sy3aAA
homes could be served if existit§Psvould expand their network footprints bgne-half mile
into unserved areador a total of 883 miles afew fiber and/or coaxial cable

3 This model assumes a 60 percent takee (i.e.,the percentage of residents and businesses that subscribe to the

service.

41 qLIraaAy3ae Aa GKS AYFNI &iNHzOUG dzNBE G KoFwviay, hik itdéeS@ot | K2 YS 2
Ay Of dzRS (i KI5t Jie pEtiddZok tikSetiork that connects from the road to the home or business itself.

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

within the industry and among the state and fdl government entities that fund broadband expansion and

regulate communications services.



This approachs knownl & nétwork edgeouté. SOl dzaS GKS { Gl dSQa I NBS

means incumbent networks are relatively close to the unserved aiteamjld provide service to

87 percent of thgl (i I (inSe@ed lomes Based on our estimated construction cost d5$00

per mile,a network edgeout would cost approximately¥ 8 million.TheF SRSNI t 3I2 GSNYY

recentunprecedented funding dbroadband infrastructurgrojectsmeans that the State could

afford towork with incumbent providers textend the network eveibeyondthe halfmile edge

out, providingserviceto every unserved home and business in Delaware.

128 4EA &##060 20O0AI1 $ECE&uédtibn awadded fondidyl ictbey & OT A
State? but questions rem ain about execution

While this report was being finalized in December 2020 RG€eleased the results of the Rural

Digital Opportunity Fund reverse auction. As of this writing, there are still multiple contingencies

on the funding awarded for service Delawnaret and the exceptionally low clearing pri¢ee.,

federal subsidyysecured by thevinning bidder in the State which was just 10 percent of the

C// Qad NBaSNWS LINA OS> binBlickySnaw sérgicésSwilllpelzfeplayed2 y &4 |

Further, urder the RDOF rules, the winning bidder is not obligated to show results for five years.

As a result of these uncertainties, we have included in this report our comprehensive analysis of

the preRDOF status quajong withour analysis of the RDOF results.

At a hgh level, he RDOF auction provided a great opportunity with substantial portions of
5Stl gl NSEQa dzy aSNISR I NBAtdtal 87 757addieds HcatodshdreT S RS NI
assigned in the auction at a support®£.3 million per year ovet0 yeas. All eligible areas in

Delaware were won more than 99 percent othem by Talkie, a small fiber optic provider

Bloosurf picked ughat the one remainingensus area witlust eight address locations.

Unlike almost everywhere els@ the country SpaceXdid not pick up any eligible areas in
Delaware While t bid on most, but not all, areas in the Statestopped bidding after round 14
in Delaware

We do not know whether Talkie can deliver. Support levels for Talkie for the areas it won in
Delavare arehigher than the average support levels for fiber optic providers. At 61 percent of
reserve prices the maximum available support assigned by FCC for each censusitaisa
feasible they could deliver absent any other commitments and absent anyi@dlitsipport.

But Talkie has very large commitmentsnaighboringMarylandr where it bid aggressively,
driving support levels into single digits in some areas where it was bidding against other local
fiber providers.

S¢KS C// OFrtfhB8yaKSASNHBRKONL FyR NBFSNAR (G2 6KFG AG OFffa
uses a variety of different databases to estimatumbers and locations of residential and business addresses; it
does not currently make these data publicly available.



1.2.9 New federal broadband funding presents opport unities

The federal appropriations bilf signed into law on December 27, 2020, includes several
broadbandfunding streams The FCC will administar subsidy program to offset the cost of
monthly internet service for lovincome householdswhile the Nationh Telecommunications
and Information Administration (NTIA) waliminister three distinct grant programs to build new
broadband infrastructure and purchase services.

While the funds for thee programs and the initial statutory requirementvere includedn the
legislation, many program details have not yet been determinib@ federal agencies that will
managethe programsare developng implementation criteria over the firasmonthsof 2021.

1.3 Summary of recommendations

Based on oudata collection ad analysis, we recommend the State consider the following
strategic and tactical steps toward achieving its broadband goals. From a budgetary standpoint,
we recommend the State use 50 percent of the remaining funds appropriated for baoddb
under the CARS Act to support wired infrastructure expansion, with a particular focus on edge
out of existing cable infrastructure (given the value of that approach on gmanises basis).

We further recommend the State split the remaining fundis/oting 25 percento support fixed
wireless expansion, and the final 25 percent for subsidy programs.

1.3.1 Support residents and ISPs to maximize federal Emergency Broadband Benefit

subsidies and minimize the burdens of participation
The Connect Delaware progmahas done an exaplary job of connecting students across the
{01 0SS ¢ KS A YLISY RS Abillibn Eingrgekcy Brdadbank Sen@ivgrar &
(described in detail in Sectioh0.1) presents both an opportunity and a series of potential
obstacles to be overcome. The State can play an important role in enabling residents and ISPs to
maximize that federal funding for shared benefit.

While the FCC has not yetHé y SR { K SrulesIN@ ateNdonceéiried there could be a
significant burderon families to prove their eligibility and ensure their subsidy is appropriately
applied.We encourage the State to build on the success of Connect Delaware and take a series
of steps to alleviate potential barriefer Delaware residents

1 Develop a publioutreach strategy to maximize the participation of Delaware families in
this newsubsidyprogram

T 22N] SAGK L{ta G2 auNBIYfAYS (GKS OGSNATFAOI

60/ 2ya2t ARFGSR ! LIINBLINAIF GA2ya ! OG0 HnumIé 5SOSYOSNI HmMZ
https://rules.house.gov/sites/democrats.rules.house.gov/files/BHILSHR133SRCP116-68.pdf (accessed
December 2020).



https://rules.house.gov/sites/democrats.rules.house.gov/files/BILLS-116HR133SA-RCP-116-68.pdf

1 Developa bridge program for residents and ISPs that can fill the dyapg the two
monthsthe FCC will need to get the program up and running

1 Advocate to the FCC that the State can determine eligibility criteria for families and verify
that eligibility itself

¢23SHKSNE GKSaS adsSLla O2dzZ R o0dzaif R 2fyffedetaK S { |
funding forDelaware residents

1.3.2 Provide technical assistance to position Delaware competitively for federal
funding, including from NTIA and USDA

As with the earlie federal ReConnectgrant and loan programwe recommendthe State

collaborate wih counties and ISR® position Delawarecompetitively to receive federdlinds

from the latest grant programsThe State couldor example, provideéechnicalassistanceand

letters of supporto applicants

1.3.3 Evaluate the impact of the Connect Delaware su bsidy program and consider
continuing it if successful
¢KS {dFIGS aK2dZ R S@rftdz2zdS G4KS /2yySOG 5Stt gl
number of studentshat used thesubsidyto connect to the internet. This evaluation could also
be augmented bymanalysis of increased participation in distance learning.

If the State determines the Connect Delaware subsidy program was successful, it could consider
continuing the program beyond the scope of the CARES Act, as a means for students in need to
receivefree home broadband service for educational purposes. The State could also consider
lessons learned from the initiahonths of theprogram to adjusits scope ad implementation

for future iterations.

1.3.4 Add staff resources to manage the implementation ofth A 3 OAOAS6 O AOT AA
strategy

Ly / ¢/ Qa @GASs |a |y AYRSLISYRSylG O2yadzZ Gl yidz

exceptionally well. We recommend that Die allocated the resources necessary to support

additional staff to manage the implementatich¥ G KS {GF 0SQ&d OoONRIFIROFYR 2

several years. Specifically, we recommend that DTI hire the following:

1 A broadband program administrator to owse and direct broadband strategy
1 Two project managers to be responsible for infrastructurd arogrammatic initiatives

1 A staff person to be responsible for managing project budgets and federal grant
application processes

10



This team would ensure that th¢ G §SQa oONRIFROoFYR &aiN}iS3e Aa
guaranteeing universal broadband accesy] would collectively be responsible for graetated

initiatives, coordination among State entities as well as external partners, and data collection and
program evaluation.

1.3.5 Adopt symmetrical 100 Mbps speeds asa minimum broadband target for the

next five years
Most ofthe Statehas cable and fiber infrastructure that easily reaches these speeds, and some
current fixed wireless technologies are also capableeathingthat benchmark We believe,
however, thatthe Stateshould prioritize fiber infrastreture where it can, and hybrid fiber
coaxialcable as an alternative.

Additionally,Delaware should adopt symmetrical Gigabit service as its prefdiveg/ear and

planned 10year goalWe recognize there may be situations where a rapid rollout of fastfi

wireless solutionssLINS FSNJ 6f S odzi F2NJ G§2RIFI&@Q& YIFAY &ANF
difference in infrastructure between a 100 Mbps capapiihd a 1 Gbps capabilitytost of the

underlying infrastructure is the same.

For both goals,ite symmetric requirement is particularly importai@lower upload speeds (and
particularly the low thresholdadopted by the FQGre oftenwoefully inadequate irlight of

0 2 RI & ay applications such as videoconferencing and telemedicarel there isno
reason to believe that this will change in the future.

1.3.6 Invest in last -mile infrastructure

To the extent feasible, the State should invest in broadband expamsth longterm benefits.
We recommendhat the State prioritize encouragingcumbentbroadband providers to edge
out their networks to provide service to the margsidentswho live beyond the reach of existing
broadband infrastructure Our analysis whicates that a halmile extension of existing
telecommunications networks could conne8t percent of unserved homes and businesses
making it an ideal approach for fillinmgost broadband coveraggapsin the State.As noted
above, the new federal funding of broadband infrastructemild enable the State to support
the buildout2 ¥ A y O dzYwofky/biéydrid thy [Gaiinile extension, therebpringing service
to everyremaininghome and business in the State.

Secondaty, we recommend that, where possible, the State provide competitive options for
residents by supporting the installation of wirelesguipment at homes where the installation
cost may be prohibitive to individual homeowners.

11



1.3.7 Expand partnerships with ISPs to maximize RDOF-funded buildout ? and

protect against the possibility that RDOF obligations may not be met
The RDOBRuction had an engnous impactonthei I § SQ& 2 LJIA 2 y 4 Filst2thed 8 SOS N
w5hC | NBlIa O2yaiAadldziSRsunseed biBas. RKalki Kickeédfp ikt of2 T
these areas with a higbpeed fiber solution. However, we do not know if Talkie will be &bl
YSSG Ada O2YYAdGYSydaod LF AG OFyy22Gd3x GKS {0 G€
may be limited until he areas are released for funding eligibilitpomething that could take
years. A partner and grant strategy will depend on which e$étwo scenarios will unfold: Talkie
delivers or Talkie cannot deliver.

We recommend the State engage with Talkie anekssonfirmation that Talkie has the requisite

capital and operational scale to meet its RDOF obligations. If the State is satigtedswi
engagement with Talkié could considet LJF NIl Y SNA KA L) (2 Sy frtheeNI IS ¢
into the remainingunserved areas dhe State

However, if theStatebelievesTalkie will not deliver, the State could skihd new initiatives to
enoourage providers to build in the RD@Mded areas. In this case, the State could explore
partnerships with a variety ofrgities, including aconsortium bidder that participated in the
RDOFRauction andthe Maryland Broadband Coepative. Working with Blosurf or BridgeMaxx
may also present a temporary solution.

1.3.8 Maximize the benefits of NTIA and ReConnect funding opportunitie s

We recommend the State develogp request for information RF) or directly reach out to
potential partners to target the NTIA fundjropportunityandthe ReConnect prograim sixparts
of the State:

The area between Federalsburg a@Bddgeville sandwiched between RDOF areas
South of Georgetown

The suthwestern areas between Laurel and Delmar

Northeast and west of Smyrna

Southwest of $nyrna

North of Frederica and east of Dover

= =4 =4 4 -4 -

Targeting these areawould leave the door open for Talki® make good on its RDOF
commitment while making a dent in the unserved areasd enablingpartners to expand into
the RDOF areas with future grants oethext RDORuctionif Talkie fails to deliver.

1.3.9 Partner with ISPs to promote low -cost internet progra ms to eligible residents
Results of the residential survey indicate that residents may be significantly underutilizing
existing broadband subsidy prograrmii$e recommend the State develop an initiative to educate

12



residents about the availability of loaost programs offered by incumbent ISPs, and to assist
residents with enrollment.

Potentialinitiatives such as a phone hotline, an online information portlcrosspromotion
effort with Sate stakeholders, and a postcard and social media campzogid incease the
impact of alreadyavailable lowcost internet options in th&ate.

13
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broadband chall enges

The State of Delaware has been proactive in deploying internal telecommunications

infrastructure since the 1990s. Because of this effort, robust communications capacity has been

available to key anchor institutions in Delaware ahead of those in rodey states. Additionally,

the State has made significant inroads in addressing the challengassefvedcommunities

through interagency collaboration, its partnership with fixed wireless provider Bloosurf, and the

recent Connect Delaware initiative.

TKS {dFrdSQa Ayy20FG6A0S STFF2NIa G2 RFGS KIF @S LI
states inthe country, and provide valuable best practices to be leveraged in developing efforts
to close the remaining gap.

2.1 DTI, DelDOT, and DOEhave had a highly productive, 20 -year collaboration

A pioneering collaboration that began in 1997 between DTI, thev®ke Department of
Transportation (DelDOT), and the Delaware Department of Education (DOE) set the groundwork
for a wellconnected state. Through this ®tagency collaboration, DelDOT constructed
extensive fiber for transportation purposes, quickly facDelaware at the cutting edge of
intelligent state transportation systems.

This initial public investment in fiber infrastructure has supported a braedy of public
institutions. Excess fiber capacity was made available to DTI to support educ#iatives and
other state agency communications needs.

This impactful collaboration has continued for decades, and the agencies have worked together
succesfully, avoiding working in silos. Today, Siel 6§ SQa FAO0SNI 6l 01062y S SE
700 miles’ We know that many states have attempted or are currently attempting to develop
collaborative, interagency communications infrastructure programs, withoguccess.

5Stl gl NSQa O2YYAGYSyd G2 Ay@SadySyd FyR LI NI
internet was at its infancy, resulted in both a robust state network and a culture of collaboration

that has supported innovative connectivity solutions thrbogt the years.

2.2 DTI has partnered with Bloosurf to expand r ural wireless service

In August 2018, DTI issued a Request for Proposals (RFP) seeking to identify qualified partners to
build, operate, and maintain a network to provide broadband service to weskareas othe

State Specifically, target areas thie Statewere identified hat included approximately 127,700

7458t 6l NB . NRFROFYR LYAGAFGADBSY CAOSNI . NRIFIROFYRZ¢ {410
Information, https://broadband.delaware.gov/pages/index.shtml?dc=fifaccessed December 2020).
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homes and businesses in rural areas of Sussex and Kent Counties. As a result of the RFP, DTI
engaged in a partnership with wireless provi@oosurf.

DTI provided Bloosurf approximately $2 million to support networktsfarcosts, including
design and construction. Funds were not made available for any ongoing maintenance costs. As
a result of this partnership, Bloosurf has deployed its nekwvthroughout parts of rural
Delaware, providing households with a broadband cmotion where wired service is
unattainable due to cost or geography.

DOE has developed a partnership with Bloosurf to conneciinoame students to affordable
internet options. Families are eligible for the program if they do not have landiased intenet
service options, and are enrolled in any of the following federal assistance programs:

Free and Reduced Lunch

Medicaid

Public Housing Assistance

Supplemental Nutrition Asstance Program (SNAP)

Temporary Assistance for Needy Families (TANF)

SupplementéSecurity Income (SSI)

National School Lunch Program (NSLP)/Head Start

Low Income Home Energy Assistance Program (LIHEAP)

Special Supplemental Nutrition Program for Womeffarits, and Children (WIC)

= =4 4 4 8 8 8 2 2

Eligible families engage with the program through trssihool, and receive free installation and
three months of free internet service from Bloosurf. After the thaenth period, service is $30
per month?

2.3 The CARES Acfunded Connect Delaware program aims to expand

broadband infrastructure and service
On August 24, 2020, Governohd Carney announced the allocation of $20 million in CARES Act
funding to support the buildout of new broadband infrastructure and to acquire braadb
equipment aml services for lowincome students in Delawa®eDTI, in partnership with DOE,
developed the Connect Delaware program to address these goals. In its execution, Connect
5Stl g NS KlFa 0SSy | @FftdzZ o6tS I &arBssinglgas it KS {

8aDSGUAYT CIYATASAE 9RdAOIG2NR / 2yySOiGSRzZ¢ 5SSt g N5 5SLI
https://www.doe.k12.de.us/Page/427@ccessed December 2020).

9 ¢Governor Carney Announces $20 Millifor Broadband Infrastructuieé¢ { G 4GS 2F 5SSt g1 NBX bS¢g
August 24, 202(ttps://news.delaware.gov/2020/08/24/governetarneyannounces20-million-for-broadband

infrastructure/ (accessed December 2020).
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broadband availability and adoption, and its engagement of key stakeholders has helped build
an understanding of broadband needs in the State.

Connect Delaware is comprised of two discreet subprograms. Its infrastructure program supports
the buildout of rew broadband infrastructure by the private sector in Delaware. Its subsidy
program provides fixed and hotspot broadband connections to qualifyingricame students

in the State. For both programs, all funds were required to be spent, kuséraices reqgired to

be completed, by December 30, 2020 due to the federal requirements of the CARES Act.

2.3.1 Infrastructure program

A statement of work was issued to ISPs in Delaware in early October 2020 to outline
infrastructure program requirements ansblicit proposés for participation. Funding dispersed
through the infrastructure program could only be used for capital costs for the ISP to purchase
or construct communication facilities, and could not be used for operations or maintenance
costs.

Partiapating provides were required to warrant the following minimum technical performance
requirements for the facilities that would be provided using program funds:

1 For a wireline service, at least 50 Mbps download throughput and >3 Mbps upload
throughput

1 Fa a wireless swice, at least 25 Mbps download throughput and >3 Mbps upload
throughput

1 Latency <50 ms for both wireline and wireless service
1 For a wireless service, backhaul capacity per base station of at least 1 Gbps

This process resulted in the Starecuting contracts with Bloosurf, Comcast Communications,
and BridgeMAXX Wireless to build new communication facilitidseirstate

Bloosurf added LTE base stations to five existing sites to bolster network capacitytb 350
customers. Comcast duil.2 miles of new line extensions to connect 17 premises. BridgeMAXX
expanded seven new sites in largely unserved areas to provide service to approximately 500
homes and small businesses, and added additional capaaty af its existing transmissiites

by adding 3.5 GHz equipment to provide a faster option to approximately 9,500 unserved homes.

Despite the challenge of the extremely short timeline dictated by CARES Act requirements, the
infrastructure program wassuccessful in spurring the deploynte of new broadband
infrastructure to serve unconnected premises throughout Delaware.
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2.3.2 Subsidy program

DTI worked with DOE to develop a subsidy program that would provide broadband services free

of charge to lowincome stidents through the 2021 calendar e DOE anthe Stat€d&d & OK 2 2 f
districts and charter schools were key stakeholders in the implementation of this program. DTI
issued a scope of work in early October to solicit proposals from internet service providers to
provide broadband service to elie students through December 31, 2021. Eligible broadband
services met the following technical requirements:

1 Provide 25/3 Mbps capacity, or a connection capable of operating at least two
simultaneous Zoom or Google Clagsn sessions

1 Provide latency <15fs

1 No data restrictions based on the time of day; unlimited data with at least 25 GB per
month at full speed

1 Provide a WFi connection capable of supporting at least five simultaneously connected
devices

1 Include necessgrequipment to enable service, incing WiFi distribution throughout
the home

1 Include all necessary installation at the home, or capability to workobtite box with
written instructions

1 Availability of customer service from 8am to 5pm, seven daysekwe

AT&T, Comcast, Mediacom, and ien executed contracts with the State to provide services
through the program. The four providers and their corresponding products were added to a
catalog of eligible services, which was distributed to school distriischarter schools. AT&T
and Verizo offered hotspots, and Comcast and Mediacom offered fixed home connections.

School districts and charter schools assessed the broadband needs of their eligible students, and
selected the products that would best meet dent needs. Orders were then submeitl by
districts and charters to DTI, which placed orders directly with participating service providers.
Service providers delivered products directly to school districts and charter schools, which
distributed products tdamilies, and invoiced the Staterectly for the services. Hotspots were
shipped directly to school districts and charters, and individual voucher codes that could be
redeemed for fixed service were sent electronically.

Student eligibility for the subsydprogram was based on enrolimenta variety of federal subsidy
programs:
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Medicaid

Public Housing

Supplemental Nutrition Assistance (SNAP)

Temporary Assistance for Needy Families (TANF)
Supplemental Security Income (SSI)

National School Lunch Program R®¥Head Start

Low Income Home Engy Assistance Program (LIHEAP)
1 The Women, Infants, and Children program (WIC)

=4 =4 4 4 4 -8 -2

While some free and lowost internet programs determine eligibility and allocate services on a
household basis, Connect Delaware did bothtle individual student level. Througthe
program, households with more than one eligible student were able to receive services for each
student. For example, a family with two students could both receive a fixed home broadband
connection and a mobile hgtet. This eligibility structure rem@d the penalty that would have
been otherwise faced by mulstudent families attempting to engage in simultaneous distance
learning with a single connection.

Allofthe Statda mMdp aOK22f RA &l Nkequésked & tgtdR of B789prodads NI S NJ &
through the program. The distribution of requested products among participating internet
service providers is reflected irablel.

Tablel: Products Requested by School Districts and @raschools Through the Connect Delaware
Subsidy Program

) Total Products

Provider
Requested

AT&T 4,186

Comcast 2,120

Mediacom 230

Verizon 19,253

Total 25,789

As of December 2020, school districts and charters were distributing products to eligible
students.

2.3.3 Partnership structure

The Connect Delaware subsidy program is unique in the manner in which it distributed
responsibility acrosseveral key players. Responsibility was lifted almost entirely from students
and their families, and instead distrited among DOE, DTI, participating service provicansl
school districts and charter3 his program structureninimized enroliment burdentr families
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and administrative burdens for school districts and charters, ultimately resulting in high
participation and a significant amount of connections for students.

The program also allowed school districts and charters to determine student kdlygigised on
these criteria, as opposed to requiring a cumbersome puadegnrollment process that could
serve as &arrier to participation for many families and place additional burden on educators. In
total, school districts and charters requested badband services fa25,789students.

The role of identifying both student needs and the appropriate broadband seviteet those

ySSRa ¢l a RSES3IFHGSR (2 aoOKz22f RAAGNAOGA YR (
firsthand knowledge of studen®  S@Sf 2F ySSRX 020K Ay (SN¥a
Granting educators the ability to determine needs basedrair own judgement was critical to

ensuring that the program could move forward on a short timeline, and minimized the
administrative buden. This process also shifted the burden of enrollment off of families. If it had

been the responsibility of familgeto determine their eligibility and collect and submit the
necessary materials to enroll, it is almost certain that families in need wwaud missed out on

the benefit of the program due to the burden of enroliment or lack of awareness. Finally, this
structure streamlined the process of disseminating program information, as the majority of
information was distributed to school districts deharters, as opposed to individual families.

Additionally, DTI took several actions to streamline how district$ elmarters were asked to
participate, including handling all communications with participating internet service providers.
For example, DTi$sued the program scope of work and engaged with interested providers to
execute contracts witlthe State which resulted in the creation of a catalog of eligible broadband
services that was provided to school districts and charters. Districts and chaveze able to
receive bulk quantities of products and services for students without executing contracts
themselves.

DTI also provided supporting materials and served as a resource to districts and charters
throughout the program. For example, DTI prowdd@aformational materials to districts and
charters, such as answers to frequently asked questions and accessdgramsspecific email
address to direct additional questions, and provided materials for districts and charters to
provide to families, incding program information sheets in multiple languages and technical
support contact information for families havigchnical difficulties.

5¢LQa f2y3adlyRAY3 LI NIGYSNBKALI 6AGK 5h9 gl a
Delaware and in enablirthe program structure. DOE acted as a trusted communication channel

and distributed much of the program informatioa school district and charter school leadership.
5h9Qa&a NBflFIGA2yaKALl gAGK RAAOGNAOGEA YR OKI NI
stakehotlers possible.
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3 Approximately 11,600 Delaware Homes and Businessesin Contiguous

Areas Are Unserved by Wired Broadban d
Research conducted for this report found astimated 11,600 homes and businesses in
contiguous parts ofhe Stateare unserved wittwired broadband, based on the current federal
definition of broadband (25 Mbps download and 3 Mbps uplo&dyure?2 illustrates those
unserved areabased on FCC Form 47a&ta (which we verified and refined through field surveys,
as described below)Ve found approximately 450 homes and businesses are unserved in New
Castle County, 3,800 in Kent @by and 7,350 in Sussex County.

Figure2: UnservedAreasc 25/3 Mbps (Wired Only)

Below 25/3 Mbps Service

CTC Desk and Field Survey
Data as of Feb 2021

FCC Form 477

Data as of Dec 2019
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3.1 Desk surveys and data analysis identified unserved areas

To establish a comprehensive overview of service availability in the State (includnggdoses

of eligibility for federal funding programs), we performed assessment of service availability

using a wide range of data sources. Among our primary sources were the datepseted by

internet service providers (ISP) on the Federal Comnatioits CommissioRa C 2 NhérersT T @

a tendency for ISPto overstatetheir service availability on these forms, given that an entire

census block is reported as being served if even one location in @bl YSSGa GKS C
requirement. In the case ohis analysis, that overstatementasto our advantage; if wéound

censts blockdn the Statethat are shown as being unserved, then eauldbe relativelycertain

that the residents there are unservél.

2S [ faz2 SgI faonned RmeiicK BundqEA) iridinglocumentationto identify
areas deemed unserved by thatggram and to identify areas that would be excluded from
eligibility for the federal ReConnect progra@iven thesixyear buildout window for entities
receiving CAF Il funding, we ndteat unserved areas the Statethat are subject to an award
may stil be unserved for years to come.

Next we evaluated thé ®{ @ 5 S LI NI Y S yuidzNIFE | 13N (QRESHNSESS {QENID A
served and unserved areas, which is based on a rangdferfedit datasets. In our view thRUS

map is undeiinclusive of the unsrved portions of the countryas a whole but it provides

another set of insights to add to our broader analysis.

For purposes of evaluating another potentially relevant federal fundipgortunity, we also
evaluatedthdctJ2 NI A2y a 2F GKS {0F3GS RSSYSR StA3aAo0tS 7F;
and added a full analysis of the results of the auction.

Then, wing GIS maps, Google Earth imagery, and other relevant souseegsonduted an
extensive desk survey t&pot check and verify thether datasets in order to develop the most
accurate and comprehensive overview of service availab#itTC outside plantngineer
analyzed Google Earth Street View maps where availadgarchingimages of miles of State
roadways for the presence of broadband infrastructure such as cable attachments on poles for
aerial construction and handholes and pedestals for undergrounmistcuctiont and later
performed a field survey to verify results.

0 This is not always the case. &lar, local operators sometimes omit submitting Form 477 reports or submissions
lag expansions on the ground by years. Larger companies sonsdigén reporting relatively recent expansions.
However, due to the RDOF auction, incumbents had a strongtineeto update their submissions or they could

risk having a competitor receiving federal support to overbuild their area by winning it irutttea.
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3.1.1 Analysis of unserved locations ? wired and fixed wireless technologies

'aAy3 GKS C//Qa C2N¥Y ntt1t RIEGEZ 6S wkeR&yixedh FA SR
wirelessprovider claimgo offer 25/3 broadband service={gure3). Ata high level, theyellow

shaded portions of the map represent thell | inSef¥&d geographyonversely, looking at the

Form 477 data fomreas identified as servéd ¢S FAYR GKIF G Y2ad 2F GKS
have more than onserviceoption (Figured).

Figure3: ServedAreas(25/3), Including Fixed Wireless

- 25/3+ Mbps Service
‘ Below 25/3 Mbps Service

FCC Form 477
Data as of December 31, 2018
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Figure4: Number of Providers45/3), Including Fixed Wireless

Number of Providers
with 25/3+ Mbps Service

" Below 25/3 Mbps Service

FCC Form 477
Data as of December 31, 2019
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Although broadband is defined as 25/3 for purposé®ur broader analysis, we also assessed
the availability of 10/1 service, which is relevant for some federal grant and loan prodrmuse

5 illustrates areas unserved with 10/1. Mamyeasthat are served by 10/1 have multiple
providers Figure6).

Figure5: Served Areas (10/1), Including Fixed Wireless

10/1+ Mbps Service

i Below 10/1 Mbps Service

FCC Form 477
Data as of December 31, 2018
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Figure6: Number of Providers (10/1), Including Fixed Wireless

Number of Providers
with 10/1+ Mbps Service

B s
K
l :

2

1
] Below 10/1 Mbps Service

FCC Form 477
Data as of December 31, 2019




Drawing on the full range of data vemalyzed, wanext identified the best available technology

for delivering 25/3ervices across the Staten other words, of the technologies that are claimed

in Form 477 to be providing service in a given census block, which is the best technical option
(Figure?).

Figure7: Best Available Technology for 25/3 Service, Including Fixed Wireless

Best Available
Technology with 25/3+
Mbps Service

B Fiber
P cavie
B Fixed Wireless

E Below 25/3 Mbps Service

FCC Form 477
Data as of December 31, 2018
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3.1.2 Analysis of unserved locations ? wired technologies only

2S NBLISIFGSR 2dzNJ I yI £ & aA & s timkideftifyilgicéhsuEblockQ i@ theC 2 NI 1
State where no wired provider claims to offer 25/3 broadband senkagufe8). At a high level,

the yellow shaded portions of the mapB LINS A Sy & (GKS {GF GSQa dzyda SNIS
221Ay3 +G GKS C2N¥Y ntTt RFEGFE F2NJOfFAYSR aSNIA
have more than one optior={gure9).

Figure8: Served Areas (25/3), Wired Only

- 25/3+ Mbps

Below 25/3 Mbps Service

CTC Desk and Field Survey
Data as of Feb 2021

FCC Form 477

Data as of Dec 2019
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Figure9: Number of ProvidersZ5/3), Wired Only

Number of Providers
with 25/3+ Mbps Service

- Below 25/3 Mbps Service

FCC Form 477
Data as of December 31, 2019
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Although broadband is defined as 25/3 for purposes of our broader analysis, we assess
the availability of 10/1 service, which is relevant for some federal grant and loan prodrmuse
10 illustrates areas unserved with 10/1. Many areas that aeeved by 10/1 have multiple
providers Figurell).

FigurelO: Served Areas (10/1), Wired Only

- 10/1+ Mbps Service
Below 10/1 Mbps Service

FCC Form 477
Data as of December 31, 2019
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Figurell: Number of Providers (10/1), Wired Only

Number of Providers
with 10/1+ Mbps Service

- Below 10/1 Mbps Service

FCC Form 477
Data as of December 31, 2019
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3.1.3 Analysis of unserved locations » fixed wirele ss technologies only

Fixed wireless technology represents a significant challenge to identifying coverage areas as it is
impossible to validate visually and requires digditechnical disclosures by providers, which
they will typically not release, or extisive testing in actual residences. In addition, submissions

to the FCC by fixed wireless providers are not verified and typically is based on propagation
models that mayleliver certain speeds in general to a particular area, but in practice is vuleerabl

to physical obstructions and signal interference. Yet these claims can doom a federal grant
application. We therefore conducted our analysis of fixed wireless covetagescseparately

from the wired analysis.

We repeated our analysiswithtf@/ / Q& C2NXY ntT1 RIFGFSE GKAa GAYS .
State where no fixed wireless provider claims to offer 25/3 broadband seivigar€l?2). At a

high levé, thegreenda K RSR LR NI A2y a 2F ( pOvidedclainedsBriddlB & Sy i
geographyin regard to fixed wireless

| 2y @SNAStfes t221Ay3a G GKS C2N¥Y ntt REGFE F2NJ
served premises haveore than ondixed wirelesoption (Figurel3). Note that becauseurrent

Form 477 dataare reported only through December 31, 201%he data donot reflect recent

projects that provders initiated in partnership with the State txpand service

Additionally, we do not include cellular services in this analisile we note that mobile

internet is a last resort for some households that do not have access to fixed brogdbanbt

I &ddzAaGFAYylFotS &2t dzam peédsMabiNIolutioss refy or thie Sn@iabiliy N2 | R 0
of nearby fiber backhaul and towarsand are constrained by shared capacity, which results in
unreliable and sutbroadbandspeed performance. They are also typically vulnerable tedine

sight obstaclesand the very same rural areas that lack fixed broadband options experience
similar challages with mobile broadband in terms of high infrastructure costs per address
location.

Mobile serviceplansalsotypically have data caps that severely limittheir 8 F dzf y Saa T2 NJ
FLILJX AOFdA2yas €SG f2yS G2Y2NNRaeSsandusttygshid S p D
solution to rural broadbanddeploying 5Grequires enormous investments in closely spaced

ésmall ce I y (i B8d/with power and fiber rural areas are unlikely to see such heavy
investments to serve a sparsely populated customesed
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Figurel2: Served Areas 25/3 Mbps (Fixed Wireles®nly, FCC Form 477 Data)

- 25/3+ Mbps Service

Below 25/3 Mbps Service

Middigtown

Harrington

CTC Desk and Field Survey
Data as of Feb 2021

FCC Form 477

Data as of Dec 2019
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Figurel3: Number of Providers45/3), Fixed Wireless Only

Fixed Wireless Providers
with 25/3+ Mbps Service

T BridgeMAXX

I Rise Broadband
.~ SkyFiber
[ Bloosurf

Source: FCC 477, data as of Dec. 2019

-’. A
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As with the wireline maps,lthough broadband is defined as 25/3 for purposes of our broader
analysis, we also assessed the availability of fiRéH wirelesservice, which is relevant for some
federal grant and loan programespecially many USDA prograriRggure 14 illustrates areas
unserved with 10/1While the geography covered by 10/1 service is similar to that covered by
25/3 serviceFigurel4 showsthat the southern coatal region and the southwest corner of the
Sate have 10/1 coverage in some areas that are unserved by Bb&ldition, nany areas that

are served by 10/1 have multiple provideFEdgurelbs).

Figurel4: Served Areasg 10/1 (Fixed Wireless On|yFCC Form 477 Data)

FCC Form 477
Data as of December 31, 2018
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Figurel5: Number ofProviders (0/1), Fixed Wireles©nly

FCC Form 477
Data as of December 31, 2019

Number of Providers
with 10/1+ Mbps Service

1

- Below 10/1 Mbps Service
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3.2 Field survey s validated federal service availability data

Tospotcheck and verify the availability télecommunications servicdetermined in our desk
survey,andto analyze maka&eady conditiongor fiber constrution, CTC engineeperformeda
week of field surveysof randomly selectedrepresentative portions of State roadwayEhe
engineergeviewedavaibhble green spacand the presence and condition of utility poles.

Based on oufield survey work we found thzthe unserved and served areas generally track with
the information available in the Form 477 datd/e found some areas, particularly around
Georgetown where the Form 477 data claim service, but the field inspection found no service.
For the most part, tIs is due to the fact that the providers do serve part of the census block, and
therefore count the entire block as served.

We also observed thahithe unserved areas the makeadyrequiredon existing utility poles
would generallybe minimal due to thdack of attachments in the communications spate.

3.2.1 Map overviews of field survey findings
Figurel6illustrates our field srveyareasstatewide as compared tine reportedForm477 data.
The subsequent maps illustrate the same data on a more granular level.

11 As a best practice, for areas where makady and pole replacement costs are substantial, we reconthikat
recipients of State funds conduct outreach to pole owners in the proposed service area to explore any opportunity
for reduced cost throuly project coordination.
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Figurel6: Field Survey Results as Compared to Form 477 Data
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Figurel?: Field Suwey Results as Compared to Form 477 Dateelton
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Figurel8: Field Survey Results as Compared to Form 477 Q&aorgetown
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Figurel9: Field Survey Results as Compared to Form 477 Q&eaford
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Figure20: Field Survey Results as Compared to Form 477 Qdtewnsend

LN

Fiber Terminal
Both Coax and Fiber
= Coax

Fiber

No Aerial Plant - Unserved

25/3 Mbps Service
B Less than 25/3 Mbps Service
D Census Tract Boundary

Streets

Walkout

41



Figure21: Field Survey Results as Compared to Form 477 Qateodside
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3.2.2 Sample field survey findings related to pole lin es

The purpose of the field survey was to determine where cable service ends to determine which
streets and neighborhoods have service and which do not. Cable service is generally identified by
locating the taps and amplifiers used to provide sesvirigure22is a picture of an amplifier.

Figure22. Cable Amplifier Showing Cable TV Service
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Especially in served areas, the communaragi space on the utility poles can get congested with
multiple attachments and cables in the space. This can make it difficult to add new attachments
with performing make ready or pole replacemerftigure 23 is an example of a congested
communications space.

Figure23: Multiple Attachments and Cable in the Communications Space
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However, our field survey found that generally the communicatiorecemn utility poles is in
good shape in comparison to other jurisdictions we have surveyed. Even where there are multiple
attachmentsin the communications space, many poles could support an additional attachment
(Figure24).

Figure24: Clean Pole Line with Multiple Communications Attachments
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In the unserved areas where cable serviaes not exist, the telephone service may be on
separate teleommunications poles or buried underground, leaving the communications space
on the electric utility poles completely open. This situation makes it very easy for a provider to
attach to the pole wth little or no makeready Eigure25).

Figure25: Little or No MakeReady Required in Unserved Areas
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with broadband service

The Déaware Speed Survey and speed test went live on August 19, 2020. A promotional email

was disseminated to Delaware State employees on September 3, 2020 encouraging them to take

the speed survey and test (see Appendix B). During the couttse ef>day testperiod, 2,366

speed surveys and tests were completédg(re26). The test was organized to capture both

information regardingack of serviceas well asservice experiencand included a brief set of

guestions in addition to thassociated speed test.

Figure26: Online Speed Survey Website

WELCOME TO SPEEDSURVEY

| PRESENTED EY THE STATE DF [ELAMARE

SERNILE

[

3.3.1 Speed Tests Largely Confirm Served and Unserved Delineations

Of those surveys completed p@rcent (211) of respondents replied they did not have service. As
depictedin Figure27 and Figure28, the tests largely align with our served and unserved maps,
although they do show some smaller pockets and edge areas that could be slightly larger than
currently. Such pockets ohserved areas inside large blocks of otherwise seareds are fairly
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typical, as housing developments arise a bit farther than existing network infrastructure is able
to reach cost effectively.

Figure27: Speed Test ResultsAverage Figure28: Speed Test ResultsAverage Upload
Download Speeds Speeds

Average Download Speed - : g Average Upload

- Greater than 25 Mbps A .‘_" .f S ' - Greater than 3 Mbps
10 - 25 Mbps " & 1-3 Mbps

- Less than 10 Mbps 57 - Less than 1 Mbps

No Speed Test Conducted v . N No Speed Test

3.3.2 Fiber Optic Connections Receive the Highest Scores by Far on Speed and

Satisfaction
Of the 2,155 respondents who were able to take the speed testyly 22 percent (480) were
GANE dzyal GAAFASRE GAGK GKSANI LYGSNYySad { SNBAOS
dzyal GAAFASRZEé MM LISNOSYydG 6HocO ARSY(GATASR | &
GOSNE al GAaTs aé pesckni (8) dicknSt pprde thefr satisfaction with their
ISPsFigure29A f f dzA G N} 0S4 (GKSA&AS NBadz 6a o0& GKS dzaSNAQ
satisfaction by technology type dprovider.Figure29illustrates the results. From a technology
perspective, fiber gets the highest satisfaction by far, followed by cable. DSL receives the highest
dissatisfaction rates, worse than even high latency Satellite connections, reflecting ndtgust t
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dismal speeds, but also the lack of investment in and customer support of the aging copper
infrastructure. Mobile gets generally poor marks but has fewer redutesponses. This could
potentially reflect more variability around cell phone reception alodation rather than
technology type and speed capability.

Figure29: Speed Test ResuitsCustomer Satisfaction by Technology (Excluditiged Wireless)
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We omitted fixed wireless from this analysis because faund that most respndents who
classified their service as fixed wireless conducted their speed tests from their place of work
rather than home, confused a honv&i-Fi routerwith fixed wirelesservice (which would involve
anantenna mounted on a rod ather structure), orwereusing aone-off business pointo-point
solution and not residential fixed wireless. We noted that there was not a single speed test result
or declared customer of the twmain fixed wireless providers serving rural areasts State
(Bloosurf or BdgeMAXX. There were a few test points by WhyFly (which operates in
Wilmington), but not enough to draw conclusions.
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When measuring speeds by connection type, DSL performed the lowest with average
download/upload speeds of 28/18, waiffiber connections glded near symmetric speeds of
189/181, as shown iRigure30.

This actually significantly overstates actual DSL spe@gn that this type afipload speed is not

generally technically obtainable with DSWe suspect that cableespondents may have
incorrectly pickedDSL as their technology and Comcast as their proMideexample with the

result that the average speed on tests categorizeBds[ ¢+ a Ay Fil 4GSR 2SS | a

We also note &arge proportion of respoadents seem to have conducted tests over hagipacity
government network links many of them likely fibet but answered the questionnaire about
their home address.

Figure30: Speed Test ResultsAverage Speeds by Technology Type
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Figure31 shows tte speed test result bgrovider. Theseresults track well with the technology.

Figure31: Speed Test ResultsAverage Download Speeds by Provider

Atlantic Broadband Comcast XFINITY Mediacom Cable Verizon DSL Verizon Fi0s VIASAT WhyFly
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What these results show is that fibex king when it comes to experienced perf@nce. It has

the highest customer satisfaction, download speeds in the same general range as cableyand
fart the fastest upload speeds. While this is not surprising, it illustrates a critical point, when
zeroirg in on the distribution of these technol@g geographically, and socioeconomically.
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Figure27 and Figure28 (above)show geed test results in unserved areamd upload and
download speed results that neé different speed tier criteria. Not surprisingly, these maps
confirm our findings regarding the unserved areas, but they also illustrate the risk of a potentially
increasimg geographic divide by virtue of differing technology infrastructure distributveitisin

the State.

The wide gap in upstream speadsritical for telemedicine, distance learning, and telework, is
one of the most important differentiators in the type ofdadband services in the Covid and
post-Covid eras. This is where fiber shines prasents itself as the most futugroof sustainable
broadband infrastructure.

While cable cannot provide the levels of service that fiber can, it significantly outperio8hs
Satellite brings up the rear, while mobile generally performs inconsisteAtlynentioned we
excluded fixed wireless because we could not identify verifiable residential fixed wireless
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responses; we would expect to have high variance in responsksaibe customers with clear
line of sight and close proximity to a tower reportingjatively high satisfaction while many
others would report frustration with legacy fixed wireless technologies.

Notably, only fiber delivers symmetric performance. Sonaeaonnections even fail to deliver

on the modest promised upstream capacity. Tisanot necessarily a permanent limitation of the
technology: the division between capacity allocations between downstream and upstream could
theoretically be adjusted by b#e providers to meet the need of highandwidth telehealth and
videoconferencingpplications, but would require some changes in equipment.

In Delaware, Comcast offers no more than 35 Mbps upstream on its fastest connections
according to FCC data. Medbac offers a more generous 50 Mbps, as does Atlantic Broadband.
These are pretty tyical speed allocations in the cable industry. DOCSWMilfidfer symmetrial-
speedbroadband over existing hybritber-coax networksbut itis under development by the
cable industryandis likely five to 10 years awaly also isunlikely that ruralareas would be the

first in line to receive such upgrades.

For Delaware residenthat have access to,iffiber is still the best option for handling both
downstream as well as upstream requirements.

3.3.3 COVID19 Did Not Have a Significant Effect on ISP Performance

2 KATS GKS adFNI 2F (GKS aoOK22f @&SIFENI o{SLIWiSYo6S
average speeds (i.e., increased network use by student&img from home did not reduce

service speeds), the data revealed that both the average downloddiplvad speeds spiked to

192/123 on Thursdays and plummeted to 42/10 on Sundays. This was across all ISPs and
connection typesKigure32).
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Figure32: Speed Test ResultsAverage Speeds by Day

Average Download/Upload Speeds by Weekday
Sunday Monday Tuesday Wednesday Thursday Friday Saturday Measure Names
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We beliee the variation in average speeds is an effect of the loading of the network, with the
averagespeeds an inverse reflection of the strain/demand on network capacity. Highest speeds
on Thursday and Friday therefore means these days see the least amoletivairk traffic.
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To understand if any increased demand had other performance effects on variougler
technologies, we graphed latency. Latency is round trip travel time of a data packet making its
way from the measurement location to a test server amdthagain to the measurement point.
High latency may impact the performance of interactive laggtions, such as Zoom and
streaming video.

Figure33illustrates the gap between different technologies when there is pressure on itgpac
As expected, fiber optic customers receive the best performance. But even cable is not
performing ideally Latency should be under 30 to 40 ms for gapality VolP and
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videoconferencing. But Sunday and Tuesday averages are already around 30 nmedihst
there are plenty of customers experiencing fluctuations above those values. As indicated earlier,
we do not have enough verifiable fixed wireless speed tests to show its performance, but
inconsistent signal strength and random interference could IgaSustrate lower speed
connections.

Figure33: LatencyPerformanceby Technology ad Weekday
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Favorably to Levels in Nearby States

CTC performed research to seew Delaware compares to four nearby stateldlaryland, New

Jersey, Connecticut, and Rhode Istandth respect b access to broadband. We reviewed FCC

Form 477 data andata from the U.S. Census Bureau

As described earlier, the FCC collects data througtgaired filling called Form 477, in which
broadband providers state whether service is availabl®i8y dadza o6f 201 a® Ly &L
shortcomings? the metric of number of providers providing service can be considered a rough,

if exaggerated, proxyf how well a state is served. Form 477 data also serve a valuable purpose

in providing a dataset #tt uses standardized processes and definitions across all states, allowing

for comparison.

In all five states, the FCC says that the entire state has ¢oes0/1 Mbps and 25/3 Mbps
service, and that few areas are unserved by 100/10 Mbps or 250/25 dpsce. However, in
each state, very fewif anyt premises are served by 1,000/100 Mbps service. The patterns of
availability across each speed tier are detent among all five states, and Delaware ranks
comparably(Table2).

Table2: Percent of Premises With Access to Various Speed Tiers (FCC Form 477 Data)

State 10/1 Mbps 25/3 Mbps | 100/10 Mbps| 250/25 Mbps| 1,000/100 Mbps
Delaware 100 100 96 96 0
Maryland 100 100 96 93 1
New Jersey 100 100 99 97 1
Connecticut 100 100 99 94 4
Rhode Island 100 100 99 99 0

In all five states, the FCC says there are at least two broadband providers reaching all residents
with 25 Mbps download, 3 Mbps upload (25/3) service. Delaware ranks comparably among the
other states with respect to what percentagetbé Statehas accest® three providersaccording

to FCC dataTable3 shows these data for botR5/3 service and 10/1 service.

2 Although the reporting is mandatory, the data overstate actual availability becdngsE@C considers a census
block served if only a single location within the block is served.
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Table3: Percent ofPremiseswith Three or More Broadband Provide(6CC Form 477 Data

The percentage served by 25/3 and 10/1 service droppgdificantly across all five states when

State 25/3 Service 10/1 Service
Delaware 98 98
Maryland 97 98
New Jersey 99 99
Connecticut 99 100
Rhode Isind 99 99

satellite providers were removedor, statedotherwise, when only fixeterrestrialservices were

considered. In this scenario, the percentage sdrireDelaware fell in the middle or close to the

middle of the rankngs.Table4 showsthese data for both 25/3 service and 10/1 service.

Table4: Percent ofPremiseswith FixedTerrestrialBroadband ProviderdFCC Form 477 Data

25/3 Service 25/3 Service 10/1 Service 10/1 Service
State Percent of Percent of Percent of Percen of
Population with | Population with | Population with | Population with
Two or More Three or More Two or More Three or More
Providers Providers Providers Providers
Delaware 63 5 70 9
Maryland 62 12 66 18
New Jersey 65 4 77 4
Connecticut 15 1 87 7
Rhode Island 87 87 2

In all five states, @arly all premises are served Wwyreline (able or fibey service at 100/1Mbps

alLSSRaz
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Table5: Percen of Premises Served by Cable or Fiber Service at 100/10 Mbps

100/10 Mbps
State Cable or Fiﬁer
Delaware 96
Maryland 96
New Jersey 98
Canecticut 99
Rhode Island 99

An analysis of U.S. Census data finds that by many measures related toedjgitg| Delaware
is also comparable to those other states.

Data from the American Community Sur@914¢ 2018 show that 13.8 percent of houselds
in Delaware reported they did not have internet access, comparable to the rates reported in
other states(Figure34).

Figure34: Comparison of Households With No Internet Accéss

Households With No Internet Access

Percent of Total Households

MD CT NJ DE RI
Total 12.1 13.0 13.0 13.8 15.2

Additionally, aboutl0 percent of households in Delaware reportdtat they did not have a
O2YLIzi SN Ay GKS K2dzaSK2ftRo® [FFO]1 27F | 00Saa
leverage the internet, even if they do have home broadbéfigure35).

13U.S. Census Bureatimerican Community Survé014-2018), https://data.census.gov/cedsciaccessed
December 20Q).
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Figure35: Comparison of Households With No Computer

Households With No Computer

Percent of Total Households

MD NJ DE Gu RI
Total 8.7 9.9 10.1 10.4 12.4

lylrfeara 2F GKS /Syadza . dzNBIl dzQa t dzf @veals{adzNIJ S &
steady percentagef households in Delaware with a member that is required tovielek. In the

last week of this time period, this figure rose above 40 percent, indicating that broadband is
essential for many individuals in Delaware working remotely throughouCinad19 pandemic

and otherwise(Figure 36).

14 U.S. Census Bureatimerican Community Survé014-2018), https://data.census.gov/cedst(accessed
December 2020).
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State of Delaware Broadband Strategic PlarMay 2021

Figure 36: Comparison of Households with Required Telew8rk

At Least One Household Member Required to Telework

60.0

5 U.S. Census Bureau, Household Pulse Survey, Phases 2 and 3 (August 19 to De@&2bger 7
https://www.census.gov/programsurveys/hougshold-pulsesurvey/data.html(accessed December 2020).
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Delaware had a slightly lower period averagehouseholds in which at least one member was
required to telework, when compared to the other four sta{@sgure37).

Figure37: Comparison of Households witRequiredTelework(Average}®
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was affected by the pandemic, the eighktiighest in the countryseeFigure38, below).

2 KATS GKS Cc//7Qa RIFIGF R2 y20 2FFSNI I LISNFSOG N
an opportunity for comparison between Delaware and simstates in the region. Overall,

Ddaware ranked comparably to the four other states analyzed in terms of broadband availability,
competition, and choice. Additionally, Census Bureau data placed Delaware among its peers with
respect to various broadband agdtion and use statistics, includjrhome computer ownership,
G§SEtSeg2N]JAy3 GNBYRaz FyR NBOSY(d RA&ANMzZLIIAZ2Y A AY

16U.S. Census Bureau, Household Pulse Survey, Phase8 2famlist 19 to December 7, 2020),
https://www.censusgov/programssurveys/householéulsesurvey/data.html(accessed December 2020).
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Figure38: Comparison of Households with Children Whose Learning Was Affected by @6éVid

Households with Children Whose School Learning Was
Affected by COVID-19
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Broadband Use and Adoption

As part of its efforts to perform a comprehensive evaluation of broadband gaps during the Covid

19 pandemic, the State of Delaware commissioned a mail survey seholds(Appendix A)

The survey was intendeto gather basic data about the types of services to which residents

subscribe and their use of these services (including subsidized programs such as Comcast Internet

Essentials). Moreover, the survey was des@jto provide insights about how the pandentias

AYLI OGSR NBaARSYydaQ dzasS 2F GKS AYyOSNySa Fda ol

whether internet service is sufficient to meet the needs of households atinesState

This reportdocuments the survey process, discusses methodologied, @esents results
intended to assist the State in developing strategies to close the identified gaps.

5.1 Key findings

Key findings are here presented thematicallyhiree subsections: broadband acsegaps, device
utilization gaps, and skills gaps in bdband and computer use. These and other findings are
presented in greater detalbelow. Findings related t&€Covid19 impacts on broadband usee
presented in Sectiof.

5.1.1 Broadband accessgaps

The survey found very few gaps irgacsition of residential internet access services, but also that
relatively few residents are taking advantage of available subsidizegtgns.The following are
key findings:

1 Most residents consider internet and highpeed internet in particular to be we
important. A highspeed data or internet connection is extremely important for most of
those who currently telework or would like telework (93 percent) and for those who have
a planned or existing horAeased business (82 percent). Among those whatlisénternet
for educational purposes, eight in 10 said a kégleed internet connection is extremely
important for their education neesl

1 Most residents reported having internet acce$88 percent) including 89 percent who
have both home internet servécand a cellular/mobile telephone service with internet
(smartphone).

1 Five percent of all respondents only use a smartphone for homeinet accessThis may
limit their ability to fully utilize online services at home.

1 Verizon and Comcast are the leadjrinternet service providersSaturation of Comcast
customersis highest in Kent County, and saturation of Verizon custonsdrghest in New
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Castle County. Mediacom has a significant share of the Sussex County (Bérpetcent
of householdy

Most households with children have internet access, but it may not be sufficient for some
families.Although most respondents stronglysagreed that their children cannot complete
their homework because they do not have internet aca@ss, broadband accessnst a
concern) one in 10 agreed or strongly agredtht lack of access is a barri&ven during
the pandemic, with schools dnlibraries largely closed,8 percent of respondents agreed
or strongly agreed that their children access the internet at a ipulrl school libraryand

18 percent agreed or strongly agreed that their children can safely access public ljbraries

Residents may be significantly underutilizing existing broadband subsidy progratsst

four percent of all Comcast customersareefird R Ay (GKS L{t Qa Ly dSNY:¢
for low-income householdsind two thirds ofComcast customers earning under $2%00

per year said they have never heard of the progralust three percent of losncome

subscribers receive the $9.25 subsidy uNdeG KS C/ / Q& [AFSEt Ay S LINE 3N
unsure if they receive the subsidy.

Many respondents say they find broadbandhaffordable. nly 15 percent of respondents
strongly agreed that the market currently provides higieed internet at prices thegan
afford, while 26 percent agreed. Another 27 percent disagreed or strongly disagreed,
suggesting some need for affordableobdband internet.

Cost is a factor affecting broadband adoptioore than onefourth (27 percen{ of
respondents are unwillingr unableto pay a premium for access to higbeed internet,
while 28 percent were neutral. Willingness to purchase fsgeel internet for $10 a month

is high (85 percent were extremely willing) but this willingness drops sharply at higher price
points.

At the same time, most respondents are willing to pay up to $50 more for gigabit service
if it were available 65 percentare at least moderately willing, and almost half are very or
extremely willing.This suggestshat residents hunger for not just fgsbut very fast
broadband connections and are willing to pay if they can afford it. Among those who may
not be abé to afford the costs, most are willing to pay at least some premium on top of
current costs.

There is strong support for ensuring all resiis have access to competitively priced
broadband serviceswith 73 percent strongly agreeing. Chalf strongly ateed that the
State should help ensure that all residents know how to make effective use of the internet,
and 57 percent strongly agreed ti8tate should provide free Wi in public areas.
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5.1.2 Device utilization gaps

Most respondents have access to home intrservice and computers, but a sizeable segment
may face significant challenges in using, maintaining, and potentially repairing thesesiéihe
following are key findings:

1 Most respondents have access to computers in the hommost all (94percen
respondent indicated they have a computer in the home (desktop, laptop, tablet) with
internet access.

1 Many households have experienced fragnt issues with their computing devices not
working properly.Seven in 10 respondents with internet access hayeagnced trouble
with their computer not working properly; orfifth experience problems at least weekly.

1 Onefourth of respondents may haverouble maintaining their computers.Twentyfive
percent disagreed or strongly disagreed that they know how taitteshoot issues with
technology.

1 Onefourth of respondents would not be able to quickly replace nevorking computers.
Six percent of respulents said they could not replace their computer in the foreseeable
future if it became unusable, and another 19 percent said it would take one to six months
to replace it. Adding these two datapoints, 25 percent of households withehmternet
service & at risk of not being able to use broadband for very long periods because of
computer problems, rather than residential internet connectivity problems.

5.1.3 Skills gaps in using broadband and computers

Most respondents have adequate intext and computer sks. However, a small segment of
respondents reported significant challenges with respect to their ability to perform basic
functions online and avoid harmRespondents also expressed interest in improving those skills.
Key findings idude:

1 Some respondets may be vulnerable to online harms and disinformation/hen asked if
they knew how to recognize and avoid a phishing attack, 14 percent disagreed or strongly
disagreed. Eight percent disagreed or strongly disagreed that they knewtdhoeeognize
falseinformation online and find credible sources of information.

1 Most respondents have the skills to perform basic tasks on the intern®terall, most
internet subscribers strongly agreed that they know how to use the internet for various
functions, includig: accessing a bank account online é®8cen{, bookmarking a website
(70 percend, purchasing groceries online (férceni, uploading content to a website (63
perceni, creating/managing a social media profile (@ rcen), and connecting with a
doctor/medical support online (58erceni). Respondents were less likely to agree that they
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are skilled in creating their own personal website or in troubleshooting issues with
technology.

1 Most caregivers report that children under theicare have adequate broadind skills.
Among those with children, 63 percent agreed or strongly agreed they are sufficiently skilled
in computer use to complete their homework on their own.

1 Most caregivers have adequate skills to help their children when ded. Nearly onehalf
of respondents with children strongly agreed that their computer skills are good enough to
help their children complete their homework, and ofeurth agreed. However, ongfth
disagreed or strongly disagreed that they have sufficemhputers skills.

1 Many respondents are interested in becoming more confident in using computers,
smartphones, and the internetSpecifically, 48 percent of respondents agreed or strongly
agreed that they would like to become more confident in using coraysutnd related
technolog/, and 33 percent agreed or strongly agreed they would like to attend training.

1 Many respondents disagreed that their children are able to minimize or avoid specific
online risks.Many respondents disagreed or strongly disagrdeat their children havelte
skills to identify false or misleading information @é&rceni, avoid online bullying by peers
(41 percen, detect and avoid online scams and predatorsgéficen{, or avoid exposure
to graphic violence or pornography onlir@4 percenf). However, s in 10 respondents
agreed or strongly agreed that they have the time and skills to protect their children from
online risks.

5.2 Survey process

In close coordination with the State of Delaware, CTC managed the survey projectnipcludi
development of the qustionnaire, sample selection, mailing and data entry coordination, survey
data analysis, and reporting of results.

CTC developed théraft survey instrument based on the project objectives and provided it to
State staff for reviewand comment. The Statergvided revisions and approved the final
guestionnaire. (A copy of the survey instrument is included in Appendix A.)

A total of 6,666 survey packets were mailed fektss in December to a random selection of
residential househals with a goal of receing at least 1,200 valid responses (400 from each
county). Recipients were provided with a postggmd business reply mail envelope in which to
return the completed questionnaire.

A total of 785 useable surveys were received by dlate of analysis, prading a gross response
rate of 11.8 percent. The margin of error for aggregate results at the 95 percent confidence level
for 785 responses is +3.5 percent. That is, for questions with valid responses from all survey
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respondents, oa would be 95 percent cdident (19 times in 20) that the survey responses lie
within £3.5 percent of the target population as a whole.

5.3 Data analysis

The survey responses were entered into SPSStware and the entries were coded and labeled.
SPSS databas were formatted, cleark and verified prior to the data analysis. The survey data
was evaluated using techniques in SPSS including frequency tabledabrdations, and means
functions. Statistically significant differences between subgroups oforesp categories are
highlighted and discussed where relevant.

The survey responses were weighted based on the age of the respondent and county. The sample
was stratified by county to ensure a sufficient number of responses to analyze data at the-county

level. Also, since older peras are more likely to respond to surveys than younger persons, the
ageweighting corrects for the potential bias based on the age of the respondent. In this manner,
GKS NBadz Ga Y2NB Of 2aSt e MPopdato®i GKS 2LIAYyAZ2Ya

Figure39 summarizes the sample and population distributions by county and age.

Figure39: Age of Respondentand Adult Population

100%
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Kent New Castle Sussex Kent New Castle Sussex
Survey Respondents Census Population
m 65 years and older 58% 52% 70% 23% 20% 36%
m 55 to 64 years 22% 27% 18% 17% 17% 20%
m 45 to 54 years 13% 10% 8% 15% 16% 13%
m 35 to 44 years 4% 6% 3% 15% 16% 12%
m 18 to 34 years 4% 6% 2% 31% 30% 19%

18 Statistical Paage for the Social Sciencestip://www -01.ibm.com/software/analytics/spsk/
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The following sections summarize the survey findings.

5.4 Survey results

The results presented in this report are based on analysis of information provided by 785 State

of Delaware residents. Unless otherwise indicated, the percentages reported are based on the
GOt ARE NBalLlRyaSa FTNRY (K2 adonadkiectibiN@BUZAWSER | R
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5.4.1 Internet connection and use

Respondents were asHleabout their use of the internet, including home internet connection
providers, internet costs and enroliment in programs for dmwome subscribers, and devices
dzZaSR® ¢KA&a AYF2NXIFGA2Y LINPOARSE Ol fdzrotlS Ayaa
related communications services.

5.4.1.1 Internet usage

Almost all (99ercen) respondents make some use of the internet, on any device from any

location, as shown ifrigure40. Usage is high across all demographic gspupcluding low
income households (93ercen.

Figure40: Internet Usage by County
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Agreement with reasons for not accessing the internet are highlighteéture41 andFigure4?2.
The leading barriers to internet access include concern with safety and privacy (8 out of 17
strongly agree) and cost of internet service (5 out of 16 strongly agree).
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Figure41l: Reasons for Natsing the Internet (Mean Ratings)
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Figure42: Reasons for Not Using the Internet
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5.4.1.2 Importance of communication s services
Respondents were asked to indicate the importance of various communicatioice®to their
household, usig a scale where 1=Not at all important and 5=Extremely important. The mean
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importance of various service aspects is illustratedrigure43, while detailed responses are
illustrated inFigure44.

Figure43: Importance of Communicatioservice Aspects (Mean Ratings)
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Figured44: Importance of Communication Service Aspects
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Cellular/mobile telephone and internet services adremely important to respondents, while
broadcast television service and satellite teon service are significantly less important.
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Specifically, 84 percent said cellular/mobile phone service is extremely important, and 83 percent
said an internet conection of any speed is extremely important. Another 79 percent of
respondents said highpeed internet is extremely important.

Figure45 and Figure46 illustrate the impotance of internet services and mobile telephone
service by the age of the respondent and by household income. The importance of these services
is slightly lower for those ages 65+ and those in-logome households compad with their
counterparts.

Figure45: Importance of Communication Services by Respondent Age
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Figure46: Importance of Communication Services by Household Income
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5.4.1.3 Communications services

Saturation of communications services currently ghased for the household is illustrated in
Figure47 and Figure48. Overall, 98 percent of respondents indicated having some internet
access either a home connection or vieellular/mobile service. Specifically, 95 percent have
cellular/mobile telephoneservice with internet and 93 percent have internet service in the home.
Fewer households have cable/satellite television service, landline telephone service,
cellular/mobile elephone service without internet, and free Wi service.

Figure47. Communication Services Purchased

100% 95% 93%
90%
0,
80% 79% Respondents could seleatore
67% than one response, and figures
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40%
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Figure48: Internet Services Purchased
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As discussed previously, most respondents have some irttagoess, including 89 percent who
have both home internet service and a celiiaobile telephone service with internet
(smartphone). Total internet access is high across all demographic groups, as sli@kbieth

Older respondets and those in lower income households are more likely to have a home internet
connection only, and they are less likely to have both a home internet connection and cellular/
mobile telephone service.

Table6: Internet Access by Key Demographics

Home Total

None/No Internet Both Home/ Internet Total

Response  Connection Smartphone Smartphone Access Count
TOTAL 2% 3% 5% 89% 98% 785
County
Kent 1% 7% 6% 85% 99% 149
New Castle 2% 2% 5% 91% 98% 435
Sussex 2% 4% 6% 87% 98% 199
Respondent Age
< 45 years 0% 0% 10% 90% 100% 196
45 to 54 years 0% 2% 3% 95% 100% 227
55 to 64 years 2% 5% 1% 92% 98% 132
65 years and older 4% 8% 6% 81% 96% 182
Education
HS education or less 2% 6% 7% 85% 98% 146
Two-year'technical degree 2% 4% 6% 87% 98% 136
Fouryear college degree 0% 3% 5% 91% 100% 244
Grad, prof, doctorate 2% 2% 4% 93% 98% 215
Income
Less than $50,000 4% 9% 5% 83% 96% 148
$50,000 to $99,999 1% 4% 10% 85% 99% 194
$100,000 t0$149,999 1% 1% 5% 93% 99% 136
$150,000 or more 1% 0% 1% 98% 99% 146
Race/Ethnicity
Other race/ethnicity 1% 3% 7% 90% 99% 141
White/European American 2% 3% 5% 90% 98% 594
Gender Identity
Woman 1% 3% 7% 89% 99% 453
Man 2% 4% 3% 91% 98% 288
Children in Hosehold
No children in HH 2% 5% 4% 89% 98% 509
Children in HH 0% 0% 8% 92% 100% 231
Own Residence
Oown 2% 4% 5% 90% 98% 657
Renlive with 0% 3% 8% 89% 100% 120
family/other
Years in Residence
< 5years 1% 1% 8% 90% 99% 137
5 or mae years 2% 4% 5% 89% 98% 639
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Respondents without internet service were asked their main reason for not purchasing mobile
or home internet service, what would making them consider signing up for broadband service,
and if they plan tesignup for mobile orhome internet service in the next 12 months. Very few
respondents said they do hdave internet service; however, some individuals with either cell
phone or home internet service did provide a response.

Specifically, 37 percent dfibse who responded @7individuals) said the cost of internet service

is too high, and 22 percent said no good internet service is available (keeping in mind that 75 of
79 respondents do have some form of internet service). Five percent of all resporsdéshtiey

plan to sig up for cellular/mobile service in the next 12 months, and five percent plan to sign up
for broadband internet service.

5.4.1.4 Internet service provider

As illustrated inFigure49, Verizon and Comcast are the leadingsi®Rerall in the Delaware
market area. This varies significantly by county of residence, with saturation of Comcast
customers highest in Kent County and saturation of derigustomers highest in New Castle
County. Mediacom has a significant share of thhesgx County market, used by 26 percent of
households in that county.

Figure49: Primary Internet Service Provider
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Threefourths of Verizon (wird service) subscribers indicated having fiber optic service, while 21
percent have BL and three percent were unsure, as illustrateldigure50. Verizon wired service
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subscribers in Sussex County are more likely to use DSL and less likely to have fiber service
compared with subscribers in otheouanties.

Figure50: Type of Verizon Wired Service
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5.4.1.5 Internet service cost and programs for low-income subscribers

Respondents were asked to give the cost of their home internet service. Estimated monthly price
of internet is showrin Figure51, for customers who bundle (80%) or do not bundle (20%) internet
service. The estimated monthly average cost for internet service is $79. One in 10 respondents
with unbundled internet service pay $10 ss per month. The estimated monthlyiged for
bundled internet service is higher for Comcast internet service, compared with Verizon (see
Figure52).
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Figure51: Monthly Price for InternetService
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Figure52: Estimated Monthly Price for Internet Service by Provider
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As illustrated irFigure532  2dza i F2dzNJ LISNOSy G 2F +tt [/ 2YOF ai
Internet Esentials program for lovincome households. Sixteen of 25 (65%) Comcast customers
earning under $25,000 per yeaaid they have never heard of the program.
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Just three percent of lowincome subscribers (earning under $25,000 per year) receive the $9.25
adzo aA R& dzsRifBliNg pilogran, ahd 30 Qercent are unsure if they receive the subsidy.
Most households are not receiving the subsidy (Begire54).

Figure54Yy wSOSA @GS bopdup {dzoadARe& | YRSNI C// Qa

100%
90%
80%
70%
60%

m Don't know

50%
’ mNo

0,
40% EYes
30%

20%

10%

<1% 3%
All Subscribers (n=688) Low-Income Subscribers (n=64)

0%

76



5.4.1.6 Personal computing devices

Respondents were asked to indicate the number of personal computing devices they have in the
home. As shen in Figure55, 64 percent of households with internet service have five or more
devices. Sussex County households have fewer devices compared with Kent County and New
Castle County households; they have swhat fewer household mmbers on average.

Figure55: Number of Personal Computing Devices
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The number of personal computing devices in the home is strongly associated with household
size. Nine percent of ommember households havive or more devicescompared with 89
percent of those with three household members and 78 percent of those with four or more
household members (sdégure56).

Figure56: Number of Personal Computing Devices in Home by HoukkBize
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5.4.1.7 Devices in thehome

Availability of devices is relatively high in households with internet access, with respondents
selecting an average of 3.5 types of devicethe home and only five percent not selecting any
device.

Figure57: Devices Available in the Home
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Use of smartphone is highest, with 93 percent of internet users having one, followed by laptops
(84%) and tablets (77%). More than enalf of respondents with home internet have a desktop
computer, and 40 percdrhave console gaming devices ($8gure57). Respondents age 65 and
older are less likely than younger respondents to have various devices except desktop computers,
as illustrated irFigure58.
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Figure58: Devices Available in the Home by Respondent Age
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Households with children in them make strong use of key devisesh@wvn irFigure59. Almost
all of thehouseholds with children have a smartphone, tablet, or laptop computer, and seven in
10 have a console gaming des.

Figure59: Devices Available in the Home by Children in Household
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Respondents with home internet service werkad how often their primary computer becomes
inaccessible or unusable, and how long it would take to replacedh®uter if it became lost or
damaged beyond repair. Seven in 10 respondents have had some issues with their computer,
including onefifth who experience problems at least once per week (Begire60). Six percent

79



of respondents said they could not replace their computer if it became unusable, and another 19
percent said it would take one to six montltsreplace it (seé&igure6l).

Figure60: Computer Becomes Unusable Figure61: When Could Replace Computer
This has Once a Could not
never week or replace
happened more About 6%
one day 1-6

months
19%
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Once a
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year one week 17%
28% 33%

More than onehalf of respondents earning under $25@M8aid it would take one to six months
to replace a lost or damaged computer, and another 14 percent said they would not be able to
replace it (sed-igure62).

Figure62: When Could Replacéomputer by Household Income
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5.4.1.8 Internet Uses

Respondents were asked about their use of their home internet connection for various activities.
Among those items listed, a home internet connection is most frequently used for banking or
paying bills, shoppoponline, watching videos, and using sociabllmeas shown ifrigure63. At
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least seven in 10 respondents engage in these activities frequently. A majority of respondents
also frequently use a homaternet connecton for streaming music and for connecting to work;
nearly onehalf frequently use it to access educational resources.

Some respondents use a home internet connection to access other key information and services.
Approximately twethirds of subscribers o@sionally use a home internet connection to access
government information or to access medical services. -foneth of respondents at least
occasionally use a home internet connection for running a htvaed business (26%).

Figure63: Home Internet Connection Use for Various Activities
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5.4.1.8.1 Internet uses byrespondentage

Respondents under age 65 are more likely than older respondents to ever use their home
internet connection for key activities, as illustratedTiable7. Respondents under age 65 are
more likely than older respondents to ever use their home internet conarétir playing online
games and connecting a work computer in particular. At the same time, most seniors use a
home inernet connection at least occasionally for various activities, and many seniors use it
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frequently for key activities like shopping online, using social media, and watchingsnaddeos,
or TV (sedableB).

Table7: Home Internet Connection Ever Used for Various Activities by Respondent Age

<45 4554 55-64 65+

years years years years
Listening to musi¢streaming) 92% 96% 81% 70%
Watching movies, videos, or TV 99% 98% 89% 81%
Playing online games 76% 69% 63% 50%
Connecting to work 90% 95% 74% 37%
Using social media 99% 93% 92% 85%
Shopping online 100% 100% 98% 95%
Running a home business 17% 35% 39% 14%
Accessing educational resources 86% 93% 80% 7%
Accessing government information 84% 82% 92% 90%
Accessing medical services 79% 89% 90% 86%
Banking or paying bills 98% 97% 97% 87%
Accessing home security/other 'smart home' devices 65% 72% 60% 44%
Accessing cloudbased file storage and sharing 80% 84% 74% 63%

Table8: Hame Internet Connection Frequently Used for Various Activities by Respondent Age

<45 4554 55-64 65+

years years years years
Listening tomusic (streaming) 73% 64% 42% 25%
Watching movies, videos, or TV 85% 74% 2% 57%
Playing online games 52% 53% 30% 26%
Connecting to work 76% 76% 58% 23%
Using social media 75% 80% 70% 61%
Shopping online 77% 80% 71% 62%
Running a homéusiness 7% 17% 24% 9%
Accessing educational resources 54% 69% 37% 21%
Accessing government information 16% 30% 19% 15%
Accessig medical services 18% 22% 20% 20%
Banking or paying bills 80% 90% 74% 73%
Accessing home security/other 'smart homdevices 26% 44% 27% 19%
Accessing cloudbased file storage and sharing 27% 46% 31% 22%

5.4.1.8.2 Internet uses bychildren in household

As showrin Table9, most households with children in them ever use a home internet connection
for key activities. Almost all (99%) households with children (and that have internet service) ever
use a home interet connecton to access educational resources, including 85 percent who access
it frequently. Households with children in them are also more likely than households without
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children to frequently use a home internet connection for other activities likeastieg music
playing online games, and connecting to work ($ablel10).

Table9: Home Internet Connection Ever Used for Various Activitiesdbyldren in Household

No Children Children in

in HH HH
Listening to must (streaming) 82% 95%
Watching movies, videos, or TV 90% 99%
Playing online games 57% 84%
Connecting to work 68% 96%
Using social media 90% 98%
Shopping online 98% 100%
Running a home business 27% 25%
Accessing educational resources 79% 99%
Accessig government information 87% 84%
Accessing medical services 84% 91%
Banking or paying bills 93% 99%
Accessing home security/other 'smart home' devices 54% 76%
Accessing cloudbased file storage and sharing 71% 89%

Table10: Home Internet Connection Frequently Used for Various Activities by Children in Household

No Children Children in

in HH HH
Listening to music (streaming) 44% 74%
Watching movies, videos, or TV 66% 87%
Playing online games 33% 62%
Connecting to work 52% 81%
Using social media 69% 80%
Shopping online 69% 82%
Running a home business 13% 14%
Accessing educational resources 31% 85%
Accessing governmenhformation 18% 27%
Accessing medical services 19% 22%
Banking or paying bills 7% 87%
Accessing hom security/other 'smart home' devices 25% 42%
Accessing cloudbased file storage and sharing 28% 42%

5.4.2 Computer and internet skills

Respondents were asked a series of questions on how skilled they are using computers and the
internet, as well as their intest in training to learn more about these topics. This information
provides valuable insight into where there may be gaps in esldnd opportunities to educate
residents.

83



5.4.2.1 Internet skills

Respondents were asked to indicate their level of agreementwetlous statements about their
computer and internet skills. Average rating scores are highlight&ure64, while Figure65
shows detailed responses.

Figure64: Agreement with Statements About Internet Skills @4n Ratings)
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Adjust my privacy settings onlindj RN -1
Recognize and avoid a phishing requ_ 3.9
Troubleshoot issues with technolog_ 3.5
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Create/manage personal websitdi GGy 25
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Figure65: Agreement with Statements About Internet Skills
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Overall, most internet subscribers agree that they know how to use the internetdoous
functions. Nearly eight in 10 respondents stronagdyeed they can use the internet for accessing

a bank account online. Seven in 10 strongly agreed they can use it for bookmarking a website,
and two-thirds strongly agreed they can purchase groceaed food online.

At least onehalf of respondent stronglagreed they can use the internet for managing their own
profile on social media, uploading content to a website, connecting with doctors or other medical
support online, identifying false or mislding information, and adjusting privacy settings online.

Respondents were less likely to agree that they are skilled in creating content or their own
personal website or troubleshooting issues with technology.

Specifically, respondents ages 65 and olderaness likely to agree that they are skilled in various
uses of the internet (se€ablelland
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Tablel?2). Respondents under age 45 are particularly skilled in internet cempared with older
respondents, especially for identifying false information, recognizing phishing scams, and
creating content. Nearly threéourths of respondents under age 45 agreedstmongly agreed

they are confident in their ability to troubleshbsues with technology.

Tablell: Agreement with Statements About Internet Skills (Mean Ratings) by Age

<45 4554 55-64 65 +
years years years years

| know how to upload content to a website 45 4.4 4.3 3.6
I know how to adju$ my privacy settings online 4.5 4.4 4.1 3.4
| know how to bookmark a website or add to favorites 4.8 4.5 4.4 3.8
I know how to identify false or misleading information online and
. - - . 4.5 4.2 4.1 3.7
find credible sources of information
| know how to createan_d manage my own personal profile on 47 45 42 35
Facebook or other social network site
I know how to create and manage my own personal website 3.0 2.6 2.3 2.0
I know how torecognize and avoid a phishing scam 4.4 3.9 3.9 3.5
! know how to create ny own content using computers and the a1 35 39 27
internet
I know how to access my bank account online to perform tasks suc

. . et . 4.8 4.6 4.5 4.1
as paying bills or depositing checks with my phone
| feel conflder_wt in my ability to troubleshoot issues wittechnology 41 36 3.2 29
when they arise
I know how to purchase groceries and food online 4.5 45 4.3 3.6
I know how connect with my doctor or other medical suppashline 4.5 4.1 4.2 3.8

Table12: Agreement with Statements Bout Internet Skills (% Strongly Agree) by Age

<45 4554 55-64 65 +
years years years years
I know how to upload content to a website 79% 65% 62% 40%
I know how toadjust my privacy settings online 64% 65% 55% 33%
I know how to bookmark a website orad to favorites 88% 71% 71% 50%
I.know hgw to identify fa]se or m!sleadlng information online and 65% 5204 51% 37%
find credible sources of information
I know how tocreate apd manage my own personal profile on 7506 65% 56% 3706
Facebook or other social network site
I know how to create and manage my own personal website 27% 17% 11% 8%
I know how to recognize and avoid a phishing scam 70% 42% 36% 24%
! know how tocreate my own content using computers and the 5206 31% 20% 17%
internet
| know_how_to accesmy_pank account_onllne to perform tasks such 90% 80% 78% 67%
as paying bills or depositing checks with my phone
| feel confldent in my ability taroubleshoot issues with technology 5206 31% 18% 13%
when they arise
I know how to purchase groceries anddd online 79% 76% 66% 46%
I know how connect with my doctor or other medical support online 69% 59% 57% 48%
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Additionally, respondents in households earning under $50,000 were less likely to agree that they
are skilled in various uses of the internetg¢Seablel3 and

Table 14). Just onehird of respondents earning under $50,000 per year agreed or strongly
agreed they are confident in their ability to troubleshoot issudthwechnology.

Table13: Agreement with Statements About Internet Skills (Mean Ratings) by Income

$50- $100
< $50k $99k $149k $150k +

I know how to upload content to a website 3.7 4.1 4.3 4.7
I know how to adjust my privacy seitigs online 3.7 4.0 4.2 4.6
| know howto bookmark a website or add to favorites 4.0 4.3 4.5 4.7
I_know hgw to identify fa_lse or m_|slead|ng information online and 3.7 41 43 a4
find credible sources of information
| know how to create gnd manage my awpersonal profile on 40 42 43 a4
Facebook oother social network site
I know how to create and manage my own personal website 2.3 2.6 2.5 2.9
| know how to recognize and avoid a phishing scam 35 3.8 4.2 4.2
_I know how to create my own content usg computers and the 30 33 34 3.9
internet
| know how to access my bank account online to perform tasks suc

. . het . 4.1 4.5 4.7 4.9
as paying bills or depositing checks with my phone
| feel confldept in my ability to troubleshoot issues with technology 29 34 35 40
whenthey arise
I know how to purchase groceries and food online 3.6 4.2 4.4 4.7
I know how connect with my doctor or other medical support online 3.7 4.2 4.3 4.4

Table14: Agreement with Statements About Internet Sld (%Agree/Strongly Agree) by Income

$100

<$50k  $50-$99k $149k $150k +
I know how to upload content to a website 59% 72% 81% 88%
I know how to adjust my privacy settings online 63% 76% 75% 87%
I know how to bookmark a website or add to favorites 70% 81% 85% 90%
I_know h(_)w to identify fa_lse or m_|slead|ng information online and 61% 70% 84% 83%
find credible sources of information
I know how to create a.nd manage my own personal profile on 77% 79% 81% 81%
Facebook or other social network site
I know how to create and manage my own personal website 23% 29% 21% 41%
I know how to recognize and avoid a phishing scam 55% 65% 76% 72%
! know how to create my own content using computers and the 1% 49% 49% 71%
internet
| knowlhow.to access my bardccount q1||ne to perform tasks such 78% 88% 96% 97%
as paying bills or depositing checks with my phone
| feel confldept in my ability to troubleshoot issues with technology 34% 51% 57% 73%
when they arise
I know how to purchase groceries and food online 63% 78% 80% 92%
I know how connect with my doctor or other medical support online 58% 75% 74% 87%
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5.4.2.2 Computer and internet training

Respondents were also asked their level of agreement with various statements about receiving
training related to computers and thaternet. Average rating scores are highlighted=igure

66, while Figure67 shows detailed responses.

Overall, there is only slight to moderate interesti@arning about oin attending a class about
writing software/code or in learning how computers work. On average, there is moderate
interest in becoming more confident in using computers, smartphones, and the internet, or in
using online resources to finttustworthy information. However, there is less interest in
attending a free or inexpensive class about these topics.

Figure66: Agreement with Statements About Training Related to Computers and the Internet (Mean
Ratings)
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| would like to learn how computers Wor_ 2.3
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computers work ’
I would like to learn how to write software (or code_ 2.1
| would attend a free or inexpensive class to learn how_ 21
write software (or code) ’
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Mean Rating (1=Strongly Disagree and 5=Strongly Agi
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Specifically, nearlpne-half of respondents agreed or strongly agreed that they would like to
become more confident in using computers and related technology, but just 33 percent agreed
or strongly agreed they would like to attend training.

Similarly, 3@ercent of respondets agreed or strongly agreed about wanting to know how to
better use online resources to find trustworthy information, and 30 percent agreed or strongly
agreed they are interested in training while 35 percent strongly disagreed.

Figure67: Agreement with Statements About Training Related to Computers and the Internet
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computers work 46% 19% 16%  10% 9%

| would like to learn how to write software (or code 56% 9% | 14% 10% 11%
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0, 0, 0, 0, 0,
write software (or code) 2 9% [ 10%0pe%
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Interest in training varies significantly by age of respondent. As illustratéidime68, those ages

65 and older expresed greater interest in becoming more confident in using computers and
related technology and in learning how to better use online resources, as well as attending a class
about these topics, compared with younger respondents. Those under age 45 are kedye li
than older respondents to agree they would like to learn how to write code or to take a class
about this topic.

Figure68: Agreement with Statenents About Training by Respondent Age
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As illustrated irFigure69, agreement with the various statements about computer and internet
training are correlated with household income. Those in leimenme households were more
likely to agree that they would kkto learn more or would attend traing.

Figure69: Agreement with Statements About Training by Household Income
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5.4.3 Technology for minor children

Just 29 percent of respondents said they are the parent, guardian, or primaryakareof
children or grandchildrennder the age of 18. Approximately oimalf of respondents under age

55 and onehalf of respondents with a household income of $150,000 or more are a parent,
guardian, or caretaker.

5.4.3.1 Use oftechnology

Respondents who ardné parent, legal guardian, or primacaretaker for any child or grandchild
under the age of 18 were asked their level of agreement with statements about how their minor
child is able to make beneficial use of technology. Average rating scores are heghirgfigure

70, whileFigure 71 shows detailed responses.

Figure7OY ! ANBSYSyld gAGK {GlFGSYSyida !o02dzi / KAf RNBYQ

Children cannot complete their homework because th-
: 1.6
do not have access to the internet.

Children cannot complete their homework because th' 13
do not have access to computers. ’

My computer skills are good enough to help childr_ 39
complete their homework. ’
Children have good enough computer skills to compl_
: . 3.7
their homework on their own.
Children are learning computer skills at school that_ 39
prepare them for the future. )

Children access the internet at a public or school libr 2.0

Childrencan safely access public librari

n
Y

| learn computer or internet skills from the children | ca
for.

N
o

1.0 1.5 2.0 25 3.0 3.5 4.0 4.5
Mean Rating (1=Strongly Disagree and 5=Strongly Ag!

A majority of respondents indicatetlat the children in their care have sufficient internet access.
Most respondets strongly disagreed that the children in their care cannot complete their
homework because they do not have access to the internet (77 percent) or computers (84
percent).
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Figure71: Agreement with Statements About KA f RNBSy Qa ' aS 2F ¢ S8OKyz2f 238
Pandemic
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| learn computer or internet skills from the children | ca

for 30% 20% 23% 18% 9%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Still, accessibility may be an issue for a small segment of households without access to internet
or computers. One in 10 responais agreed or strongly agreed that the children in their care
canrot complete their homework because they do not have access to the internet. Also, just 18
percent of respondents agreed or strongly agreed that their children access the internet at a
public or school library, and just 18 percent agreed or strongly agteat their children can

safely access public libraries.

Most respondents agreed that they and their children have sufficient computer skills. Nearly one
half of respondents strongly agredbat their computer skills are good enough to help their
childrencomplete their homework, and onfourth agreed. However, onéfth of respondents
disagreed or strongly disagreed that they have sufficient computers skills.

More than six in 10 respondentgreed or strongly agreed that that their children have good
enough computer skills to complete their homework on their own. Nearly tHmeths of
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respondents agreed or strongly agreed that their children are learning computer skills at school
that will prepare them for the future.

5.4.3.2 Minimize online risks

Respondents wi minor children were also asked their level of agreement with statements about
the skills they or their children possess to avoid or minimize online risks. Average rating scores
are highlghted inFigure72, while Figure73 shows detailed responses.

Figure72: Agreement with Satements About Minimizing Online Risks (Mean Ratings)

Children have the skills to detect and avoid false
misleading information online.

Children are able to avoid online bullying by pee_ 2.9

Children are able to get help dealing with online buIIyin_ 3.2
Children are able to effectively detect and avoid onli_ 26
financial scams or predators. '
Children are able to avoid exposure to graphic violenc_ 59
pornography online '

Children are to get help if exposed to graphic violence
pornography online

| am aware of the extent to which the children | care fo_ 34

are exposed to any of the above types of risks or conte

I have the time and skills to protect my children from t_ 36
above risks and content. ’

1.0 1.5 2.0 2.5 3.0 3.5 4.0
Mean Rating (1=Strongly Disagree and 5=Strongly Agi

Although most households with minor children do have access to the internet and computers,
respondents agree that there are some risks associated with internet use. Overall, more than
one-half of respondents agreed or strongly agreed that they are awarehef éxtent their
children are exposed to various risks or content, and six in 10 agreed or strongly agreed that they
have the time and skills to protect their children or grandchildren from risks

At the same time, a sizeable segment of respondents disdgttest their children are able to
minimize or avoid specific online risks. Specifically, many respondents disagreed or strongly
disagreed that their children can detect and avoid false or mitepinformation (45%), avoid
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online bullying (41%), get hefpr online bullying (31%), detect and avoid financial scams and
predators (51%), avoid exposure to graphic violence or pornography online (34%), and get help
if exposed to graphic violence or qmmgraphy online (26%).

Figure73. Ageement with Statements About Minimizing Online Risks

Children have the skills to detect and avoid false

. S . . 21% 24% 27% 19% | 9%
misleading information online.

Children are able to avoid online bullying by peerSssiEL/ 25% 30% 12% | 17%

Children are able to get help dealing with online bullyin SR i 27% 20% 22%
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10% 11%} 19%
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5.4.4 Internet use for jobs/ careers

More than onehalf (55%) of respondents said they have a job that requires them to have internet
access ahome. New Castle residents are somewhat more likely to neednat access at home,
while Sussex residents are somewhat more likely to be retired or not employeéipae74).
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Figure74: Job Requires Homes Internet Access
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Also, need for interneticcess for a job is highly associated with respondent age, as may be
expected, with the majority of those ages 65+ retired or noitpéoyed (sedrigure75). Eight in
10 respondents ages 4 years have a job that requires interragtcess.

Figure75: Job Requires Homdaternet Access by Respondent Age
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Also, need for internet access for a job is correlated with household income, as shéiguia

76. More than nine in 10 respondesivith a household income of $150,000 or more have a job
that requires internet access. More than efmurth of respondents in lowemcome households
need internet access for their job.

96



Figure76: Job Requires Homdaternet Acces by Household Income
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As shown irFigure77 below, onehalf of respondents indicated that someone in their household
already teleworks from home, andhather four percent would like to telework. Residents of New
Castle County we somewhat more likely to report having a household member who currently
teleworks.

Figure77. Household Member Teleworking
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Respondents ages 65 and older are less likely than younger respondents to have a household
member who curently teleworks (sed-igure78). As indicated earlier, this ag@hort is much
more likely to be retired or not working.
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Figure78: Teleworking Status by Respondent Age
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More than eight in 10 respondené&arning $150,000 or more per year have a household member
who currently teleworks, compacewith just 26 percent of those earning less than $50,000 per
year (sed-igure79). Twelve percent of households with an annual income leas $50,000 have

a member vihho would like to telework.

Figure79: Teleworking Status by Household Income

100%

90% 17%

80%
70%

60%
m Does not telework
0,
50% m Would like to telework
40% 83%
m Currently teleworks from home

Percent Responding "Yes"

30%
20%
10%

0%
Less than $50k  $50k-$99k $100-$149k $150K +

Onefifth of households either have a honrised business or are planning to start one within

the next three years, as illustted inFigure80. Fourteen percent of respondents under age 45
said they or a household member plans to start a hdmased business.
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Figure80: Own or Plan to Start a HomBased Business
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A highspeed daa or internet connection is extremely important for most of those who currently
telework or would like to telework (93 percent) and for those who have a planned or existing
home-based business (82 percent), as showRigure81. Intuitively, those who do not telework

or have a planned/existing hordgased business find the need for higbeed internet for these
aspects to be lessnportant.

Figure81: Importance of HighSpeed Internet
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5.4.5 Internet use for education

Respondents were asked if they or a household member use an internet connection for
educational purposes, such as completing assignments, researstudy related to coursework
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or formal education. Overall, 49 percent of respondents reported usivg internet for
educational reasons. Usage is lower in Sussex County, where respondents are somewhat older
and less likely to have children in the hetisld (see~igure82).

Figure82: Use of Internet forEducational Purposes
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Nine in 10 households with children in them have a household member who uses the internet
for educational purposes (sdggure83).

Figure83: U= of Internet for Educational Purposédsy Children in Household
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Use of the internet for educational purposes is lower for respondents ages 55 and older. Six in 10
respondents less than age 45 have a household member who uses the internet for educational
purposes, as do twithirds of respondats ages 454 years (se€igured4).

100



Figure84: Use of Internet for Educational Purposes by Respondent Age
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Respondents with a household income of $150,000 or moreterenost likely to use the internet
for educational purposes, as shownhkigure85. Four in 10 lowemcome households use the
internet for educational purposes.

Figure85: Use of Internet for Educational Purposes by Household Income
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As shown inFigure86, 27 percent of households have a member who ubesinternet for
homeschooling. Usage is highest in New Castle County and lowest in Sussex County (again where
respondents are somewhat older and less likely taeéhahildren in the household).

Figure86: Use of Internet for Homegwoling
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Seven in 10 households with children in them have a household member who uses the internet
for homeschooling (seBgure87).

FHgure 87: Use of Internet for Educational Purposes by Children in Household
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Respondents use the internet across a range of education levels, as shévguie88. Amory
those who use the internet for ducational purposes, 42 percent use it for graduate level
education and 38 percent use it for primary education (kindergact@rade 8).

Figure88: Education Level for Which Internet ConnectianWUsed
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Use of the internet for ducational purposes is related to presence of children in the household,
as might be expected, particularly for primary and secondary education needs. Those without
children in the home are more likely to use the interfi@t postsecondary education (sdegure

89).

Figure89: Education Level for Which Internet Connection Is Used by Children in Household
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Similarly, use of the internet for educational purposes is correlated with respondent age, as
illustrated inFigure90. Respondents under age 45 are more likely thanraldgpondents to have

a household member who uses the internet for primary education; those agégl 4®ars are
more likely to have a household member who uses thiernet for secondary education.
Household use of the internet for pesecondary educatiois highest among respondents ages
55-64 years. Use of the internet for graduate education increases as age group increases.

Figure90: Education Level for Which Internet Connection Is Used by Respondent Age
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Among those who uséhe internet for educational purposes, eight in 10 said a fspbed
internet connection is extremely important for their education needs Begire91). Nine in 10
of those with children in the household said higjpeed internet is extremely important.

Percent Using Internet for
Educational Purposes

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

0%
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5.4.6 Respondent opinions

Respondents were asked thel 2 LJA YA 2y & | adledmi protiding or {pibmaiiry Q &
broadband communications services within the arféigure92illustrates the mean ratings, while
Figure93 provides detailed responses to each portion of the question.

Figure92: Opinions About the Role(s) for State of Delaware (Mean Ratings)
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Figure93: Opinions About the Role(s) for State of Delaware
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Overall, tlere is strong support for ensuring all residents have access to competitively priced
broadband services, with 73 percent strongly agreeing.-@aiéstrongly agreed that the State
shouldhelp ensure that all residents know how to make effective use ofirtkernet, and 57
percent strongly agreed the State should provide freeRiin public areas.
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Kent County residents were somewhat less likely than residents of other counties to hgtee t
the State should provide free Wi in public areas, although agrment was high across areas
(seeFigure94).

Figure94: Provide FreaVi-Fi in Public Areas by County

100%
90%
80%
70%

m 5 - Strongly Agree

60%
m4 - Agree

50%
’ m 3 - Neutral

40% m 2 - Disagree

30% m 1 - Strongly Disagree
20%

10%

0%
Kent New Castle Sussex

As illustrated inFigure95, 85 percent of respondents in households earniggslthan $50,000
per year strongly agreed that the Staskould help ensure that all residents have access to
competitively priced broadband internet in their homes.

Figure95: Ensure That All Residents Have Affordable Broadbaridrhet Access by Income
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Respondents were also askethetr opinion of the current broadband market. Overall,
respondents moderately to strongly agreed with most statements. The average agreement with
broadband availability statements is showrFigure96. Detailed responses to statements about
broadband availability are illustrateeigure 97.

Figure96: OpinionsAbout the Broadband Internet Market (Mean Ratings)
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strongly disagreed. Approximately four in 10 strongly agreed that the availatfilitigh-speed

internet service is a factor they would consider when determining where to live or whether to

start a homebased business.

At the same time, only 15 percent oéspondents strongly agreed that the market currently
provides highspeed internetat prices they can afford, while 26 percent agreed. Another 27
percent disagreed or strongly disagreed, suggesting some need for affordable broadband
internet.
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Just threein 10 respondents agreed or strongly agreed that they receive-tpigity customer
service from their internet service provider. Ofith strongly agreed, and 26 percent agreed,
that they are willing to pay a premium for access to kégleed internet.

Figure 97: Opinions About the Broadband Internet Market
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Asillustrated inFigue 98, respondents ages 65+ were less likely to agree with various statements
about the broadband internet market, particularly that higheed internet is important for a job

or educational opportunities. Theyre also less willing to pay a premium for acdedsigh-speed
internet. Respondents earning $100,000 or more per year were more likely than those with lower
household income to agree with these statements (5egure99).
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Figure 98: Opinions About the Broadband Internet Market by Respondent Age
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Figure99: Opinions About the Broadband Internet Market by Household Income
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5.4.7 Willingness to purchase high-speed internet service

Respamdents were asked if they would be willing to purchase extremely fast internet service
(defined as 1 Gbps) for various price levels. The mean willingness to purchase across this array of
guestions is illustrated iRigure100, whie detailed responses are illustratedrigurel0Ll

Figurel0CG Willingness to Purchase 1 Gbps Internet at Price Levels (Mean Ratings)
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Figurel0L Willingness to Purchase 1 Gbp#ernet at Various Price Levels
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mean), but it drops considerably as the price increases. The mean rating falls to 4.2 at a price
point of $30 per month, 3.5 atjrice pointof $50 per month, and 2.6 at a price point of $70 per
month (slightly to moderately willing). Respondents would only be slightly willing to switch for
price points of $90 per month or $110 per month.

From another perspective, 85 percent of pesdents areextremely willing to purchase 1 Gbps
internet for $10 per month, dropping to 64 percent at $30 per month, 43 percent at $50 per
month and 21 percent at $70 per month. Just nine percent strongly agreed at a price point of $90
per month, and seen percent stongly agreed at a price point of $110 per month.

The willingness to purchase higheed internet service is also correlated with some
demographic characteristics of the respondents, including household incomd-igee102).
The likelihood of purchasing higipeed internet tends to increase as household income
increases.

Figure102 Willingness to Purchase 1 Gbps Internet Service by Houselmuidme
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5.4.8 Respondent information

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

As indicated previously in Figure 1 regaglageweighting, disproportionate shares of survey
NBalLR2yRSyidla ¢6SNB Ay GKS 2f RSNJI3S O2K2NIia NBfI
Figurel03). Similarly, the data were weighted to account for differences ipoase by county.

The weighted survey results presented in this report are adjusted to account for these differences

and to provide resui G KF G FNB Y2NB NBLINBaSyidlFrdAgsS 27F
previously.

Figure103: Age of Respondents and State of Delaware Adult Population
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H 55 to 64 years 22% 27% 18% 17% 17% 20%
m 45 to 54 years 13% 10% 8% 15% 16% 13%
m 35 to 44 years 4% 6% 3% 15% 16% 12%
m 18 to 34 years 4% 6% 2% 31% 30% 19%
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respondents have a fowrear college degree (33%) or a graduate, professiomatlootorate
degree (29%). Onffth of respondents have a high school edition or less.

Figurel04: Education of Respondent
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Onefourth of respondents earn less than $50,000 per year, including 11 percent who earn under
$25,000.Three in 10 earn $50,000 but less than $100,000, 22 percent earn $100,000 but less
than $150,000, and 23 percent earn $150,000 or more per yearHiggeeel05).

Figurel05: Annual Household Income
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As ilustrated inFigure106 and Figue 107, the majority of respondents are White/European
American and identify most strongly with that race/ethnicity.

Figurel06: Race/Ethnicity
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Figue 107: Race/Ethnicity Most Strongly Identify With
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Six in 10 respondent$1%) identify as female, and 39 percent identify as male Esgerel08).

Figurel08 Gender ldentity

Other
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Man
39%

Woman
61%

Respondents were asked to indicate the number of adults and children in their household. More
than onehalf of households have two members, and 31 percent have three or more members.
Just 15 percent of respondents live alone (Begurel09). Three in 10 respondents have children

living in the household (seeigurel10).

Figurel09 Total Household Size Figurel1G: Number of Children in HH
Four or "
more HH re€ | | Four+
One HH TWo | children i
members member children 20 children
12% 0 1%
15% 11% ‘

Three HH
members
19%

One child
17%

No
children
in HH
69%

Two HH
members
54%

Most resporents (84%) own their residence, while seven percent rent and eight percent live
with family (sed~igurelll).
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Figurelll Own or Rent Residence
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Most respondents (82%) have lived at their current resi@efoe five or more years. Another 15
percent have resided at the honfer one to four years, while three percent have lived at the
residence for less than one year (dagurell?).

Figurel12 Number of Years Lived at Current Residence
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6 Survey Results Indicate Covid-pw ( AO (AA Al )i PAAO

Broadband Use and Needs
Survey espondents were asked a series of questions on how their broadband use changed during
the Covidl9 pandemicjncludng impacts on location of internet use, engagement in various
internet activities, and usage during peak times. This information provides valuable insight into
demand for broadband service during the pandemic.

Almost all respondents have accessitte internet. At the same time, internet service may be
inadequate to meet the needs of some respondents during the pandemic. Usage in the home for
various activities has increased significantly during the pandemic, at the same time that many
respondents @sagreel that the market currently provides affordable higheed internet.

6.1 Key findings: Covid-19 impacts on broadband use

Respondents reported increased use of and demand for broadband services during thd €ovid
pandemic. They are utilizing the intesnmore at home and less often outside the home, as may
be expected, and they are engaged in more online activities for v@ok education.The
following are key findings:

1 Internet usage has changed due to the impact of Cotfl Almost all (99 percent)
respondents access the internet from any location, including a range of locations outside
the home. However, use of the interheutside of the home has declined significantly
during the Covidl9 pandemic.

1 Use of internet services outside of the home hasdlieed significantly during the Covid
19 pandemic.Use of the internet in key areas decreased significantly when comparing
figures preCovid and duringovid, including in work settings (72% vs. 52%), private
businesses (56% vs. 28%), schools or coll&@§8s {s. 22%), public buildings (33% vs. 15%),
outdoor public spaces (66% vs. 44%), and home of a friend or family (68%ws. 52

1 Engagement in online activities has increased significantly during the Ga9igandemic.
Use of the internet for telemediciner medical appointments (31% vs. 75%), homework
(30% vs. 37%), attending online classes (22% vs. 45%), and attending harhés#hes.
24%) increased substantially from psandemic to duringpandemic, Additionally, 45
percent of respondents use the intet for teleworking on a daily basis, compared with 16
percent of respondents before the pandemic.

6.2 Internet use bylocation

Respondentsvere asked to indicate how often they use the internet in various locations before
and during the Gvid-19 pandemic. Ashown inFigurell13, use of internet services outside of

the home has declined significantly during the pandemic, which makes sense as many public
areas and work settings have not been accessible.
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Figurel13 Ever Use the Internet in Various LocatioBsfore and During Covid9 Pandemic
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Significantly, use of the internet declined in work settings (72% vs. 52%) and private businesses
(56% vs. 28%) when comparing{&@evid and duringCovid fgures.Use of the internet at schools

or colleges declined dm 38 percent of respondents pi@ovid to 22 percent currently. Use in
libraries (34% vs. 10%), public buildings (33% vs. 15%), and outdoor public spaces (66% vs. 44%)
also declined. Use of thaternet at the home of a friend or family member declinednfr®8%

of respondents prgandemic to 52% of respondents during the pandemic. Usage inside the
home remained flat at 99 percent.

Figurell4 and Figurell5show detailed usage of the internet at various locations, before and
during the pandemic.

118



Figurell4: How Often Use the Interat in Various Locations Before Covi® Pandemic

At work 28% 8% 60%
At the home of a friend or family membe 32% 34% 16% 12% 6%
At outdoor public spaces or parks using free Wi 34% 35% 18% 9% 5%
Inside a coffee shop or other private busines 44% 33% 9% 12%
Inside a school or a college/university buildi 62% 8% 3%6% 21%
Inside a library 66% 27% 4%
Inside other public buildings 67% 25% 4%
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Figurel1l5 How Often Use the Internet in Various Locations During CaM@dPandemic

At work 48% 9% || 6% 36%
At the home of a friend or family membe 48% 27% 10% 8% 6%
At outdoor public spaces or parks using free Wi 56% 19% 13% | 8% 5%
Inside a coffee shop or other private busines 72% 17% 3%5%
Inside a school or a college/university buildi 78% 10% 3% 8%

Inside a library 90% 7%

Inside other public buildings 85% 11%

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

H Never HLess than monthly m At least monthly m At least weekly m At least daily

As illustrated inTablel5, respondents ages 65+ are less likely than younger respondents to ever
use the internetat various locations outside the home, both before and during the eb9id
pandemic. Middleage respondents (ages-48 years) are more likely to use the internet ain,
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inside a school or college, or inside other public buildings. Respondents undéb agav the
largest drop in usage from before the pandemic to during the pandemic for key locations, such
as at work, private businesses, other public buildings, artdamr public spaces.

Tablel15: How Often Use the Internet in Vaous Locations by Respondent Age

< 45 years 4554 years 55-64 years 65+ years

Before During Before During Before During Before During
Covid Covid | Covid Covid Covid Covid | Covid Covid

At my house 100% 100% | 99% 99% 99% 99% 97% 98%
At the home of a fried or family member 75% 55% 77% 62% 69% 48% 50% 39%
At work 89% 60% 93% 70% 75% 57% 28% 17%
Inside a school or a college/university 39% 17% 65% 40% 37% 22% 7% 5%

building

Inside a coffee shop or other private busines| 64% 25% 74% 41% 48% 28% 33% 15%
Inside a library 38% 12% 43% 9% 33% 11% 21% 7%

Inside other public buildings 37% 8% 42% 23% 27% 16% 19% 10%
At outdoor public spaces using free Wi 75% 41% 79% 57% 59% 39% 49% 36%

6.3 Engaged ininternet activities

Respondents were asked about how they aggd in various internet activitiggeforeandduring
the Covid19 pandemic. As shown Figurell6andFigurell?, engagement in online activities
has increased significagitduring the Cwid-19 pandemic, with more respondents making daily
use of the internet for key activities.

Six in 10 respondents have ever teleworked during the pandemic, compared with 53 percent
before the pandemic. Teleworkers are making more regularaisgorking fran home during

the pandemic, with 45 percent of respondents engaging daily, compared with only 16 percent
prior to the pandemic.

Threefourths of respondents have used the internet for telemedicine or medical appointments

during the Covidl9 pandemic (mosbn a monthly or less than monthly basis), compared with
just 31 percent before the pandemic.

Use of the internet has also increased substantially for educational purposes. Use of the internet
for online classes has increased from 22 peraantespondentspre-pandemic to 45 percent
during the pandemic. Similarly, use of the internet for homeschooling increased from six percent
before the pandemic to 24 percent during the pandemic. Use of the internet for homework
increased slightly during & pandemic, frmm 30 percent to 37 percent of respondents. The
percentage of respondents making daily use of the internet for homework increased from 16
percent prepandemic to 27 percent during the pandemic.
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Figurell6: Ever Usedhe Internet for Various Activities Before and During Covi® Pandemic
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Figurell?: Use the Internet Daily for Various Activities Before and During Ca&vddPandemic
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Figurel18and Figure 119 show detailed usage of the internet for various activities, before and
during the pandemic.

Figurell8 How Often Used the Internet for Various Activities Before Co%Rl Pandemic

Telework/working from home 47% 14% 8% 16% 16%
Telemedicine/doctor appointments 69% 23% 4%
Do homework 70% 498% 7% 16%
Attend online class 78% 11% | 4%5%

Attend homeschool 94%
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Figure119 How OftenUsed the Internet for Various Activities During Covi® Pandemic

Telework/working from home 40% 4%3% 7% 45%
Telemedicine/doctor appointments 25% 41% 24% 7% 39
Do homework 63% 8% 27%
Attend online class 55% 7% 8% 9% 26%
Attend homeschool 76% 4% 18%

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

m Never mLess than monthly m At least monthly m At least weekly m At least daily

As illustrated inTablel6, respondents ages 65+ are less likely than younger regraado ever
use the internet for work or education, both before and during the ce%R pandemic.
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Respondents under age 45 saw the largest increase in use of the internet for telemedicine/doctor
appointments from before the pandemic to during the pandemoompared with ter
respondents.

Tablel6: How Often Use the Internet for Various Activities by Respondent Age

< 45 years 4554 years 55-64 years 65+ years

Before During Before During Before During Before During
Covid Covid | Covid Covid Covid Covid GCovid Covid

Telework/working from home 61% 63% | 65% 81% | 58% 65% | 25% @ 27%
Telemedicine/doctor appointments 20% 79% 35% 77% 27% 70% 40% 75%
Do homework 41% 50% | 46% 59% | 23% 23% | 6% 8%
Attend online class 21% 52% | 26%  64% | 26% 37% | 18%  21%
Attend homeschol 7%  31% | 10% 43% | 5% @ 12% | 2% 5%

6.4 Number of household members online during peak usagetimes

Eight in 10 households have multiple members online during peak usage times during the Covid
19 pandemic, including four in Ibuseholds with at least three membeosline (seeFigure

120).

Figure120: Number of Households Members Online During Peak Usage Times

Five or moreg
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As illustrated inFigure121, the majority of all counties havat least two household members
using the internet during peak usage times, and a sizepbleentage have three or more
members online at the same time. Sussex County households have fewer members online during
peak usage times, but respondents in this mtyuare also somewhat older and have fewer
household members.
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Figurel21: Number of Households Members Online During Peak Usage Times by County
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Respondents under age 55 years have the most members online during peak usageartith n

six in 10 reporting they have three or more members online at the same time. Réspsrages

65 and older have fewer members online during peak usage; however, the majority have at least

two members using the internet (seeigure122). This age cohort is also less likely to have

children in the home or more than two household members.

Figurel22 Number of Households Members Online During Peak Usage Times by Age
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7 Fiber-to-the-Premise s and Fixed Wireless Technologies Could Fill the
3 O A Grdditand Gaps
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7.1 Fiber-to-the-premises infrastructure to fill gaps in unserved areas would

cost about $75 million but have relatively low ongoing operating costs
/ ¢/ Qa | \Slatépeodided datd &nd our extensive deskd field survey identified an
estimated 11,60 homes and businessesiserved with wired broadban(Figure123) that could
be served by a new ISP or by the incumbent providiees, extending their service arepsNe
found approximately 450 homes and businesses are unserved inQéstie County, 3,800 in
Kent County, and 7,350 in Sussex County.

Figurel23 Served Areas, 25/3 Mbps (Wired Only, FCC Form 477 Data)

- 25/3+ Mbps Service
1 u Below 25/3 Mbps Service
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1'a | Ol YRA RI (sSengiiedis quépar2d/ & hidével / n&work design for the
deployment of a gigabHcapable fibetto-the-premises network to serve homes abdsinesses.

We then estimated the cost for deploying that network, including a network backbone, assuming
the constrution was performed by the State or a partner entity that is nbée tincumbent
telephone, power, or cable company.

The total estimated capital cost for the State or a partner to construct a-fipéne-premises
network to serve the unserved areas is $7illion, assuming a takeate (i.e., percentage of
potential cusomers subscribing to the service) of 60 percetetails are shown ifable17.1°

Tablel7: Estimated Total Fiber Deployment Cost fibie Unserved Areas

Cost Component Estimated Cost
OutsidePlant $64.6 million
Central Network Electronics $2.8 million
Fiber Service Drop Installations $3.7 million
Customer Premises Equipment $3.5 million
Total Estimated Cost $74.6 million

We estimated a cost per passingssentially the cost of building retwork independent of
connections to any specific homesbusiness by dividing the outside plant co¢te.,the cost

of constructing fiber alongside the roads in fronttbé 11,63 unservedhomes and businesses
by the number of homes and business@& estimate the average outside plant cost per passing
will be approximately $,550(Tablel8).

Table18: Estimated Outside Plant Cost per Passingtfar Unserved Area®

Cost Component Estmated Cost
Outside Plant $64.6 million
Passings 11,634
Outside Plant Cost per Passihg $5,550

These costestimates provide data relevant to assessing the financial viability of network
deployment; they enable financial modeling to determine the apprate revenue levels

¥ These numbers have been rounded. The tedte affects the electronics and drop costs, but also may affect
other parts of the network, because the State or its partner may make different design choices based on the
expected takerate. A 60 percent takeate is possible in environments where a new provider delivers service in a
previously unserved area. Market resehrwould be required to estimate a more accurate tate at assumed
service costs.

20 Unrounded numbers are used in the engineering calonitestj these are then rounded in the discussion.

21 This is the average cost to construct the outside plant portibthe fiberto-the-premises network for each

home and business in the unserved areas.
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necessary for the State or a partner to service any debt incurred in building the netWoek
also provide a baseline against which to evaluate the cost of incremental anfibeoroptic
approaches.

7.1.1 Capital cost estimates are deriv ed from a customized outside plant network
design

To develop and refine the range of assumptions that wiMehan impact on the network design

and construction costs, CTC engingaesformed a desk survey of the State us(agogle Earth

Street Viewand performed infield surveysThe engineerseviewedavailable green spacand

the presence and condition of uty poles.Based on this analysis, we developed customized

estimates of pemmile coss for construction on utility poles and farndergroundconstuction

where poles are not availahle

Table 19 summarizes the conditions determined through our desk survey; the factors are
described in detail below.

Table19: Construction Cost FactorseMeloped in DeslSurveyof Unserved Areas

Finding in
Cost Factor Unserved
Areas
Aerial Construction 99%
Poles per Mile 20
Average Moves Required per P3le 1
Poles Requiring Makieeady 2%
Cost Per Move $350
PolesRequiring Replacement 1%
Average Pol&eplacement Cost $7,000
Intermediate Rock Underground 1%
Hard Rock Underground 0%

Makeready is the work required to create space on an existing utility pole for an additional
attachment. Existingttachments often have to be moved or adjusted to cee#tte minimum
clearance required by code to add an additional attachment. Each move on the pole has an
associated cost (i.e., for contractors going out to perform the move). When a utility pole is not
tall enough to support another attachment or the pokenot structurally capable of supporting

the attachment, a pole replacement is required. The pole replacement cost is then charged to
the new attacher.

22The average moves per pole is the average numberisfieg attachments on the utility pole that need to be
moved to create space and clearance in the communicatipasesto support a new attachment for the fibt-
the-premises network.
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In the few places where utility poles do not e@xisnderground construction is required. We do

not expect any hard rock and anticipate extremely few stones and boulders in the State. Stones
and boulders (intermediate rock) require the use of a specialized boring missile that is more
expensive than tra¢ional boring. Therefore, the cost of boring througltkds added to the cost

of traditional boring in 1 percent of the underground areas.

/ ¢/ Qa 2dziaARS LI IFyd SyairAySSNIy2GSR KIFG GKS
vary, as they dan many jurisdictions but that overall, most of the ektrical utility poles have
space for an additional attachment.

LY Ylyeé LINha 2F GKS {GFradSQa dzyaSNBSR | NBI &:
telephone lines) are installed on short telecomnications poles, typically on the opposite side

of the road from the electric distribution cables installed on taller electric utility poles. The cost
estimate assumes the State could attach fiber to the electric utility poles in the communications
spacebelow the electrical cables. Based on our experiefic& S { G 1§ SQ&a dziAt AdGe |
more favorable for new pole attachment than the average utility pokehich will correspond to

a lowerthan-average aerial construction cost. In contrast, instgllithe fiber on the
telecommunications poles would reqgai substantial makeeady and poles replacements to

make clearance for the attachment.

¢KS FAIdz2NBa o0St2¢ akKz2g &l YL Sa 2F LRtSa Ay Ol
Figurel24, for example, makeeady is requiredo move the existing cable to make space for a

new attachment. This new utility pole appears tall enough thaith makereadyt another
entity could attach to the pole.
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Figurel24: Utility Pole Requiring Makdready

-
-
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State of Delaware Broadband Strategic PlarMay 2021

Figurel25shows a pole line that has only one existing attachment in the communications space
on the power poles. Where makeady is low, as in this case, the cost of aerial construction is
less thann high makeready areas.

Figurel25: LowMake-Ready Pole Line in Unserved Area
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7.1.2 The network architecture can support multiple subscriber models and classes

of service
We developed &onceptua) highlevelfiber-to-the-premises otside plantnetwork design that
is alignedwith best practices in the industry and is optna variety ofelectronic architecture
options?3

Figure 126, below, shows a logical representation of thiber-to-the-premises network
architecture we recommendased on the congeual outside plant designThe drawing
illustrates the primary functioal components in théber-to-the-premisesetwork, their relative
position to one another, and théexibility of the architecture to support multiple subscriber
models and classes sérvice.

The recommendedarchitectureis a hierarchical data networkhat provides scalability and
flexibility, both in terms of initial network deployment aritk ability to accommodate the
increased demands of future applications and technologwgbout requiring expensive new
construction This hierarchicafiber-to-the-premisesdata networkcan be described by a range
of characteristics

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

1 Availability ¢ high levéds of redundancy, reliability, and resilienabilityto quickly detet
faults and reroute traffic

1 Failsafe operation¢ physical path diversityn the network backboneto minimize
operational impact resulting from fiber or equipment failure

1 Efficiencyg no traffic bottlenecksefficientuse of resources

1 Scalabilityc ability to grow in terms of physical service area and increased data capacity,
and to integrate newer technologiegithout new construction

1 Manageabilityg simplified provisioning and manament of subscribers and services

1 Flexibility ¢ ability to provide diférent levels and classes of service to different customer
environments can support an open access network or a sifgievider network can
provide ®paration between service providemn the physicalayer (separate fibers) or
logicallayer(separateVirtual Local Area Network/CANor Virtual Private NetworkPN
providing networks within the netwopk

B¢ KS y S ousBidNdlamia both the most expensive and the longdasting portion. The architecture of the
LIKeaAOrt LI Iyl RSGESNN¥AYSaA (K S8 hoéhé gahtNgl Ocd tébe oferatédriafdh G & F 2
maintained; the architecture is also the main determinahthe total cost of the deployment.
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1 Securityg controlled physical access to all equipment and facilities, plus nétaocess
control to devices

This architecture offerscalability to meet longerm needs It is consistenwith best practices
for either a standard or an opeaccess network model tprovide customers with the option of
multiple network service provides. This design would suppotte current industry standrd
gigabit passive optical network technology. It could also provide the optiotirett Active
Ethernetservices

The design assumes placement of manufactieeminated fiber tap enclosures withithe
public rightof-way or easements, providing watight 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 reducirgpth customeractivation times and the potential for
damage to digibution cables and splice$he model also assumes that the Statea partner
obtains easements or access rights to private drives to access homes as needed.

24The architecture enables the network to provide direct unshared Active Ethernet connections to 5 percent of
custoners, which is appropriate for a select group of higtturity or high capacity commercial users (gbgnks,
wireless small cell facilities). In extreme cases, the network can provide more customers with Active Ethernet with
the addition of electronics athe fiber distribution cabinet®n an asneeded basis
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Figurel26: HighlLevelFiberto-the-PremisesArchitecture
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7.1.3 Network design assumptions include constructing 1,240 miles of fiber
We used a range of unit cost assumptions when developing our estimated fiber construction
costs [able20). Cost estates are based on other, similar fiber-the-premises projects.

Table20: Unit Cost Estimate Assumptions

Description Unit | Assumptian
Placement of 2nch conduit using directional borin( $/foot $12.50
Pultbox placement, 24"x3&36" Tier 22 each $1,050
Aerial cable installation per foot $/foot $1.50
Traffic control and work area protection per foot | $/foot $.25
Treetrimming $/foot $.25
Make-ready per foot $/foot $0.29
288-count cable $/foot $2.05
Aerial fiber installation raterials $/foot $1.30

The network design and cost estimates assumeState or a partnerwill:

1 Use existingStateland to locate a core facility. The cost estimate includes the facility
costs with adequate environmental and backup power generatorsaash network
electronics and provide backhaul to the internet.

f Construct approximatel200 miles of backbone netwofR to connect the unserved
communities to the core vid8fiber distribution cabinets. The fiber distribution cabinets
will be located in thgublic rightof-way or onStateowned land that provides adequate
space for the hosting and maintenance of the oaii

1 Construct approximately,240 miles of fiber optics from the fiber distribution cabinets
to approximatelyl1,634 homes and businesseisg(, from termination panels in the fiber
distribution cabinet to tap locations in the public rigbt-way or on easements near the
home or business)The approximate fiber mileage per county is: New Castle, 48 miles;
Kent, 407 mils; Sussex: 785 miles.

1 Obtain easements or access rights to private roads where public rajiisy do not
exist.

Thefiber-to-the-premisemetwork design was developed with the following criteria based on the
above assumptions and required characteristim the hierarchical ber-to-the-premises
network:

25The backbone construction costs are incldde the cost of the fibeto-the-premises network.
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1 Fiber will vary between X2&nd 288count based on the projected need in the area.

1 Fiber will be installed in the communications space of the electric utility poles where
poles are present, and in newlgrstructed undergrounadonduit in other areas.

1 Fiber will be installed in the public rigbf-way or in an easement on the side of the
road.

1 The network will target up to 28B8assings pefiber distribution cabinet

1 Hber distribution cabinetsvill supporthardened networlelectronics andprovide
backup power and an active heat excharige

1 The network routes will avoithe need for distribution plant to ass major roadways
and railways.

As with any utility, the design and associated costs for construgaonwith the unique pisical
layout of the service argano two streets are likely to have the exact same configuration of fiber
optic cables, communications conduit, underground vaults, and utility pole attachments. Costs
also vary by soil conditions, du as the prevalence @&ubsurface rock; the condition of utility
poles and feasibility of aerial construction involving the attachment of fiber infrastructure to
utility poles; and crossings of bridges, railways, and highways.

A key point to understandithat aerial constructn (i.e., attachindiber infrastructure to existing
utility poles) couldoffer significant savings compared to alinderground constration but
increases uncertaintground cost and timelindJnder some circumstancessts relatedo pole
remediation andmakeready constructioncan make aerial construction cegtohibitive in
comparison to underground constructiotdowever, as discussed in Sectidri.l, our desk
survey found that the majority of poles likely have sufficieri@and capacity, and that the
amount of needed makeeady is very low. We also observed that tree trimming will be very low,
helping to decrease the cost of aerial ctrastion.

We assume the fiber will be strandounted in the communications space on teegisting
electrical utility poles. Splice cases, subscriber taps, and drops will also be attached to the strand,
which will facilitate maintenance and customer instata.

%6 These hardenetiber distribution cabinetNS ¥t SOG 'y | 8a4dzYLJiA2y (KhusinessKS ySig?2
model will require the installation of provider electronics in fifger distribution cabinetshat are capable of

supporting open access among multiple providers. We note that the oJ#ratito-the-premises cost estimate

would decrease if thedrdenedfiber distribution cabinetsvere replaced with passiviidoer distribution cabinets

06KAOK ¢g2dzf R K2dzaS 2yteée 2LIWGAOIE ALXAGOSNEO ky R (GKS LINE
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While generally allowing for greater control over timelines and more predictaiolsts,
underground construction is subject to uncertainty related to congestion of utilities ipuiéc
right-of-wayt which camot be fully mitigated without physicaxcavation and/or testingn the
State, however, congestion of utilities appears torkasonable for most areas, which makes
underground construction more viable than is typically the case.

While anomalies and unique challengedl arise regardless ofhe design or construction
methodology, the relatively large scale of this projectkelii to provide ample opportunity for
variations in construction difficulty to yield relativelyaalictable results on average.

We assume mderground constructionvill be done using an industistandard approach for this
type of environment, whicleonsist primarily of horizontal, directional driigto minimizepublic
right-of-way impact and to provide greater flexibility to navigate around other utilities. The
design model assumes a singkn2h, flexible, hgh-density polyethylere (HDPEgonduit over
underground distribution paths, and duali@ch conduits over underground backbone paths to
provide scalability for future network growth.

Costs for aerial and wterground placement were estimated using availathet cost data for
materials and estimatesrothe labor costs for placing, pulling, and boring fillersed on
construction in comparable market¥he material costs were knowmith the exception of
unknown economies of scalendinflation ratesand baring anyshortages or supply disruptions
restricting material availability andncreasingcosts. The labor costs associated with the
placement of fiber were estimated based comparableconstruction projects

7.1.4 Total capital costs include outside plant construction, electronics, and service
drop instal lation

7.1.4.1 Outside plant cost components
The cost components for outside plant construction include the following tasks:

1 Engineeringg includes systenrtevelarchitecture planning, preliminary desigrad field
walk-outs to determine candidate fiber routing;estelopment of detailed engineering
prints and preparation of permit applications; and p&32 y & (i NHzO dzA 2 i ¢ a NB OA &
to engineering design matetis

1 Quality Control / Quality Assurance includes expert quality assurance field review of
final congruction for acceptance

9 General Outside PlanConstructionc¢ consists of all labor and materials related to
GG LA O f ¢ odagrial ®NgRINBEarizgrRiruction, including conduit placement,
utility pole makeready constructionaerial strand instdtion, fiber installation, and
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surface restoration; includes all work area protection and traffic control measures
inherent to all roadway constructioactivities

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

1 Backbone andistribution PlantSplicingg includes all labor related to 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 fidgesawvithin the hubs,
and testing backbone cables

The assumptions, sample designs, and cost estimates were usedrapebate an outside plant
infrastructurecostof $562,000per mile

The distribution plant covers approximately240miles, leading to adtal outside plant cost of
approximately $4.6 million. This leads to an average outside plant cost per passing of
approximately $,55Q Table21 and Table22 provides a breakdown of the estimatemltside
plant costsTable23 itemizes the estimated cost by county.

Table21: EstimatedOutside PlantCostg’

Cost Per Plant = Distribution Plant Total Cost Estimated Cost per
Mile?® Mileage Passings Passing’
$52,000 1,240 $64.6million 11,63 $5,550

2T Unrounded numbers are used in the engineering dalions; these are then rounded in the table and the
discussion.

28The cost per plant mile is the average cost of constructing a mile of outside plant for theofitver-premises
network.

2The ost per passing is the average cost to construct the oatpldnt for the fiberto-the-premises network to
pass each premises within the unserved areas.
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Table22: Breakdown of Outside Plant Costs

Category Outside Plant Costj
OSP Engineering $8.7 million
Quality Control/Quality Assurance $6.7 million
General OSP Construction Cost $44.3 million
Special Crossings $1.3 million
Backbone and Distribution Plant Splicing $2.2 million
BackboneHub, Termination, and Testing $1.6 million
Total Estimated Cost $64.6 million

Table23: Breakdown of Outside Plant Costs by County

County Approximate pistribution FTTP Outside
Plant Mileage Plant Cost

New Castle 48 $2.5 millon

Kent 407 $21.2 million

Sussex 785 $40.9 million

The actual cost to construct fibéo-the-premises to every unserved premises in the State 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
constructed underground which could significantly increase the cost of construction. A-non
uniform takerate (i.e., the percentage of passed customers that choose to purchase eejervi
across different areas could also influence costs. Further and more extensive analysis would be
required to develop a more accurate cost estimate across theeBState.

Actual costwill alsovaryfrom this estimatedue to factorghat cannot be preisely known until
the detailed design is completed, or until construction commences. These factors include:

Costs of private easements

Utility pole replacement and makeeady costs

Variations in labor and material costs

The State or iteJ; NJi gpSratirdl and business model

= =4 =4 4

We have incorporated suitable assumptions to address these items based on our experience in
similar markets
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7.1.4.2 Central network electronics costs

Central network electronics equipment to serve the unserved areacosfft an estimated $3
million, assuming a 60 percent takate 3° (These costs may increase or decrease depending on
take-rate, and the costs may be phased in as subscribers are added to the network.) The network
electronics consist of the core and dibuition electronics taonnect subscribers to the fibéo-
the-premises network at the core and the fibr-the-premises access electronics located at the
fiber distribution cabinetsTable24 lists the estimated costs for each segment.

Table24: Estimated Central Network Electronics Costs

Network Segment Cost
Core and Distribution Electronics $1.8 million
Fiberto-the-Premises Access Electronic $1.0 million
Total Estimated Cost $2.8 million

The electronics are subject tosevento 10-year replacement cycle, as compared to the 20
30-year lifespan of a fiber investment.

7.1.4.2.1 Core and distribution electronics

The core electronics connect the network to the internet. The core electronics tafdigh

performance routersywhich handle all the routing on both the network and to the internet. The

core routers have modular chassis to provide high availability in terms of redundant components
FYR GKS |oAfAGe (2 aKzfanoatageiModularkoytd&s &dlpmidRia Ay
the ability to expand the routers as demand for additional bandwidth increases.

The cost estimate design envisions running networking protocols, such as hot standby routing
protocol, to ensure redundancy in thevent of a router failure. Addibinal connections can be
added as network bandwidth increases. The core sites would also tie to the distribution
electronics using 10 Gbps links. The links to the distribution electronics can also be increased with
additional10 Gbps and 40 Gbps line caadal optics as demand grows on the network. The core
networks will also have 10 Gbps to ISPs that connect the network to the internet.

30The takerate affects the electronics and drop costs, but also may affect other parts of the netheckuse the

State or its partner may make different desighoices based on the expected talede. A 60 percent takeate is

possible in environments where a new provider delivers service in a previously unserved area. Market research

would be requiredo estimate a more accurate takate at assumed service sfs.

S gtéwappablé f AYS OFNR OFy 68 NBY2OSR FyR NBAYASNISR 6AGK
rebooted. The control cards in the router should maintain all configurations ast them to a replaced line card

without the need for recorifmation.
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The cost of the core routing equipment is approximately8smillion In addition, the nework
requires operations supporsystems, such as provisioning platforms, fault and performance
management systems, remote access, and other operational support systems for operations. For
a network of this scale, an operations support system costs appeigly 00,000 to acquire

and onfigure (We have not included that cost in the totals above because the system might be
0KS NBalLRyaroAftAGe 2F GKS {dGFdSQa LI NIYySNWO

7.1.4.2.2 Fiber-to-the-premises access electronics

The access network electronics at thiger distibution cabinetsconnect the subcribers to the
network by connecting the backbone to the fiber that goes to each premises. These electronics
are commonly referred to as optical line terminals. We recommend deploying access network
electronics that can sygort both gigabit passive opti¢ametworkand Active Ethernet subscribers

to provide flexibility within thefiber distribution cabinetservice area. We also recommend
deploying modular access network electronics for reliability and the ability to adddirts as

more subscribers joimithe service area. Modularity also helps reduce initial capital costs.

Thecost of the access network electronics for the network is estimated at approximatddy $
million. These costs are based on a taltee of 60 percehand include optical splitterat the
fiber distribution cabinet aligned to that takeate. An alternative design places the optical line
terminals at the core location, with thiber distribution cabinet containing only splitters. As
the State or itspartner examines more closely ghspecific electronics architecture, this
alternative may be a suitable approackand would reduce the size of thigber distribution
cabines and provide a small cost savings.

7.1.4.3 Service drop installation and customer premises equipment (per -subscriber
Costs)

Each activated subscriber woudtsorequire a fiber drop cable installation and related customer

premises equipment, which would cost on average rough|@40per subscriber, or &2 million

totalt again, assuming a 60 memt takerate.

Customer premis2  Slj dzZA LIYSYy G A& GKS & dzo & ONRyigabitNagsdive A y (1 S N.
optical networks, these electronics are referred to as an optical node terminal. For this cost
estimate, we selected customer premises equipmdmttboth terminates the fiber fsrm the

network and provides only Ethernet data services at the premises (however, there are a wide
variety of additional customer premises equipment offering other data, voice, and video
services). The customer premises gmuent can also be provisioned tiwireless capabilities

G2 02yySOG RSOAOSA ¢ A sy he asduiSed Qldate DBV Rd@E LINS Y
we estimated the cost for customer premises equipment and installation to be $500 per
subscriber, or apmximately $.5 millionsystemwicb.
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The drop installatiortost is the biggest variable in the total cost of adding a subscriehort

aerial drop can cost as little as $250 to install, whereas a long underground drop installation can
cost upward of $,000.Based on the prevalence of @& and underground utilities, and sample
designs, we estimate an average of approximately $970 per drop installation (or approximately
$7.4 million systemwide, assuming a 60 percent teke). The drop installation fws the
existing utilities; if theexisting utilities in the public rightf-way are aerial, the drop would be
installed aerially (and vice versa for underground). Average drop distances are extrapolated from
sample designs developed for similar rurakfibo-the-premises projects. Actuarop costs will

vary for each premises.

The numbers provided ifiable25, below, are averages and will vadepending on the typef
premises and the internal wiring available at each premises.

Table25: Per-Subscriber Cost Estimates

Construction and Electronics Required to Activate a Subscril sl
Average Cost
Drop Installation and Materials $540
Subscriber Electronics (Optical Node Terminal) $200
Electronics Installation $200
Installation $100
Total Estimated Cost $1,040

7.2 Fixed wireless infrastructure is a feasible alternative to serve homes and
businesses? with a $10.6 million capital cost but high operating costs

CKAad ASOGA2Y RS&ONROSaA -olvred addicorhmelcifib¥veisiand oaeF (1 K S

suitable structures to provide fixed wireless broadband accesaserved homes and businesses

in DelawareWe found that a fixeavireless network using the Citizens Broadband Radio Service

(

(CBRS) band at 57 tower locations could effettigerve7f9LIS NOSyYy G 2F GKS {4F GS¢

currently are unserved by wireline networkslthough, as discussed in Sectiaf, it would have
clear technical limitations relative to a fiber optic network. (We note, toot 20 percent of
unserved premises could be connected using fiber.)

In a departure fom many fixed wireless deployments, this model makes every effort to attain
high quality and coverageadding more towers (and thus more cost) where necessary to
increase he likelihood of premises attaining 25/3 Mbps service.

This analysis demonstratesathfixed wireless technology can be a technically feasible approach
to providing broadband to unserved addresses in Delaware. Although wireless technology has
higher operaional costs and a shorter technology lifetime than fiber optics, wireless technology
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has benefits in terms of lower capital costs and reduced time to deploy. Furthermore, as
discussed below, new developments in wireless technology are improving the lisfiainid
speed of wireless broadband, and therefore these technologies are a bmiteon now than

they were in the recent past.

7.2.1 Overview of analysis

We developed variations on fixed wireless network models that use antennas mounted on
existing structurd 0 6 KA OK ©6S NBFSNI 12 KSNBX FT2N 02y @SyA
todeh ISNJ aSNIWAOS (2 58St A& MRiyPoindiyrd B Ad@BEgule RR NB & 2
127 (below) shows the unserved addresses in Delawaesell on the analysidescribed in

Section3.

In the fixed wireless model, equipment mounted &i existing towers could deliver CBRS

wireless service to an estimated 79 percent of the 8tS Q& wMmXZcnn  dzy BGNIDISR LI
128 below). Thedark blue areas illustrate the highepeed coverageleliveredwith 3.5 GHz

CBRS wireless tawologiesUnlicensed 5 GHz wireless technology is used at two tower locations

(light blue shading) wherthe number of potentially unserved addresses supported by the CBRS

base stations would exceed specifications (i.e., the CBRS equipment alone caddvedll the
premises)The green shading indicates the remaining unserved aredscould be servedsing

TV White SpaceJYW$ technology which could be deployed at 13 tower locations as a-less

than-25 Mbps lifeline service for those who have notbebption for receiving service.
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Figurel27: Unserved Areas and Addresses iel@ware
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Figurel28 Coverage Enabled by Equipment on Existing Towers
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Table26 summarizes the cost and scope of the fixed wireless mélelfound that an average
of more than 160 addresses were serveddach of the 57 towers.

Table26: Fixed Wieless Coverage and Cost Estimates

Average :
= Installation
Percent . Distribution
Number . Capital Cost and
. Passings of . Network :
Option of . Assuming 60% Electronics
Served | Passings . Cost Per
Towers Penetration . Per
Served Wireless
. Customer
Passing
Fixed
Wireless
57 9,145 79 10,550,000 554 1,000
Model 3 3 3
Using CBRS

The following sections:

1 Provide a higHevel introduction to fixed wireless connectivity (including technologies,
basic architecture, sggrum, and elements of costs)

91 Describe the use dghe existing structures within the State in a fixed wireless solution for
the unserved homes and businesses.

7.2.2 Introduction to fixed wireless network connectivity

NRIFROFYR &LISSRa Ay sQefintial (e, PONbpsadavinlgad, B #Sps C/ / Q
uploadt s KAOK Aada | faz2z G4KS RSTAYAGAZ2Y 2F ¢ aSNISRE |
readily available from fixed wireless networks than in the past, owing to the recent introduction
of the CBRS speuain into the market and new wireless technologi®ghile wireless internet
service providers (WISP) are typically not able to offer connection speeds on awatkdiasis
comparable to cable or fiber networks built to each premises, a fixed wirelessectbom may
be a desirable solution if cable or &bis not costeffective. This is especially true in lalensity
rural areas where there are few homes and businesses per mile, and therefore the cost of
building wired networks is often high.

As opposedd an underground or aerial cabliexedwireless boadband is provided from access
point antennas on towers or rooftops. The customer antenna may be on the home or business
or on a mast on the customer premisésgurel29).
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Figurel29 Example Fixed Wireless Network with Access Point Antennas on a Monopole and Various
Customer Antenna Configurations

7.2.2.1 Fixed wireless spectrum and architecture
Fixed wireless networks typicallyauthe following spectrum:

1 TV White Space (TVWS) 500 MHz
1 Unlicensed 900 MHz, 2.4 GHz, 5 GHz
9 Citizens Broadband Radio Service (CBRS) 3.5 GHz

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

Of these bands, only CBRS and 5 GHz technology have channel widths capable of delivering 25
Mbps down an 3 Mbps up so those are the two primary bands we considered. The CBRS band

is predicted to connect the most addresses. (In addition to the spectrum properties, the ability

to connect is due to the antennas being allowed to be mounted higher than the Bvit¥$has

under the licensing rules of the FCC, and CBRS being allowed to have the greatest broadcast
power of the three technologies.) 5 GHz is only used at tower locations where the tower could
potentially serve more customers than the CBRS base statenmsupport5 GHz base stations

would be used to offload customers from CBRS that can be connected at the higher frequency
and lower power levels of unlicensed 5 GHz.

That said, we also considered TViWhich delivers service over unused television freqeies
(knownas white space). TVWS bands have much betterlimerof-sight transmission qualities
than the other bands; however, due to its narrower bandwidth, TVWS is not capable of delivering
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25 Mbps down, and therefore should only be considered aslankf servie in cases where other
connectivity is not available or feasible. Also, because white space technology is still in an early
phase of development, compatible equipment is far more expensive than otheéhe&helf
wireless equipment.

Most fixed wireless etwork solutions require the antenna at the subscriber location to be in or
near the line of sight of the base station antenna. While terrain does not pose a problem in
Delaware, areas with dense vegetation and tall foliage can create chadldngestahkhing
wireless connectivity. External wireless customer premises equipment attached to the top of
houses or to antenna masts are often used to obtain the necessary heigh to achieve line of sight
and therefore a stronger wireless connection.

WISPs often ned to lease space at or near the tops of radio towers; even then, some customers
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 impaet quality d service. In our
model, we assumed that the top of any existing tower is already utilized, and that any new
equipment would be placed at 80 percent of the current tower height.

In addition, there is a tradeoff in these bands between capaaitg the abity to penetrate
obstructions such as foliage and terrain. The higher frequencies have wider channels and
therefore the capability to provide the highest capacity. However, the highest frequencies are
those most easily blocked by obstructions.

Wireless egipment vendors offer a variety of pohtd-multipoint and pointto-point solutions.

The models in this document assume petiotmultipoint equipment, which is typical for a
residential or small business connection. Pdoypoint service woud typicallybe chosen by a
mediumsized business because it would enable dedicated bandwidth (at a higher cost than a
point-to-multipoint service); that said, poiftb-point networks may have limited network
capacity, particularly in the upstream, makimgtservicenadequate for applications that require
high-bandwidth connections.

7.2.2.2 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 haglifferent aggregate
bandwidth capacity and use a range of different spectrum bands, each with its own
unique transmission capabilities.
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1 Backhaul connectionAlthough the bottleneck tends to be in the lasile connectionjf
a WISP cannot get an adequateaection back to the internet from its tower, equipment
upgrades will not be able to increase available speeds beyond a certain point.

1 Future capacity and lifespan of investmenWireless equipment generally requires
replacement every five to 10 years, thobecause exposure to the elements causes
deterioration, and because the technology continues to advance at a rapid pace, making
decadeold equipment mostly obsolete. The cost of deploying a wireless network is
generallymuch lower than deploying a wirak network, but the wireless network will
require more regular investment.

1 Availability of unobstructed line of sightMost wireless networking equipment requires
a clear, or nearly clear, line of sight between antennafimum performance. WISPs
often lease space near the tops of radio towers, to cover the maximum number of
premises with each base station.

7.2.3 Analyzing radio frequency coverage in the State

2S O02yRdzOGSR | gANBfSaa Iyl fseriell addrésfes dOBAIbE NI A y ¢
served va fixed wireless. The highvel model is for planning purposes only. The RF coverage
analysis was modeled using CloudRF, which is an online service available for modelling the Radio
frequency propagations. The softwar@sichosen because of its abilitydutput coverage maps

in a GIS layer than can be overlaid on the unserved address points, and therefore identify which

of the address would be covered by the wireless model.

There are various propagation models used fBrdRalysis. Widely used models #ne line of

sight (LOS) model, cost 231 model, Okumura Hata model, and LdRigeeynodel (also called

the Irregular Terrain Model, or ITM). For our analysis we used ITM, which is the most conservative
and takes into corideration the atmospheric conditits, the ground elevation, the deployment
environment, the obstacles between the base and mobile stations, and the ground clutter.

7.2.4 Tower selection methodology

¢2 SEFYAYS GKS LRGSYGAl f 2 @sesdEthisianalyyisdinciude@ 6 S NA -
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addresses, We collected data from American Tower, the Federal Communications Commission
(FCC) Antenna Registration Servarelthe State Weidentified approxinately 200 total existing

tower locations in Kent and Sussex Counties that could provide connectivity to unserved
addresses in the State.

We narrowed down the list of tower sites that could potentially be used as partixééwireless
solution based orthe number of unique addresses thebuld be served from each tower site.
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Tower selection was optimized based on the minimal number of towers needed to serve the most
unserved addresses.

After all filtering, we selected Sbwers as potential siting optianfor fixed wireless equipment.

We assessed the coverage provided by each of the selected tower sites using the CBRS wireless
frequency band to determine how many of the unserved address would be within the predicted
coverge area. We also analyzed whichtlee 57 selected towers could also support TVWS
equipment to provide lifeline wireless connectivity to additional unserved residences and
odzaAySaaSaod ¢2 O2yRdzO0 G(GKAa lylfeasas /¢/ Qa S

1 Antenna heights on the towerare assumed to be 8percentof the tower height for
CBRS, and at the maximum allowable height of 30 meters for BdW@nent

The broadcast power is at the FCC limit for both TVWS ande&gigR&ent
The channel width fothe CBRS is set to 10 MHz of bardtiv
CloudRF software was used to estimate the coverage areas

The resolution of ground elevation and clutter is 30 meters

= =2 =4 =4 -

The user antenna is 4.57 meters (15 feet) high

As a final step, we then applied an algorithm to thever list to select the fewest twers that

covered the most addresses in each model. In summary, we iderbifiexistingowersto serve

79 percentof the i+ 6§ SQ& dzy ASNWSR K2YS& YR 0dzAAYyS&aac
commercially owned the DelawareDivision of Communications owns lgriwo of the towers

identified in this analysis.

7.2.5 High-level coverage and cost estimate

Of the 200 towers analyzed, we identified 57 existing towers that could provide coverage to the
unserved areas of the State. Equiprh@mounted on 57 existing towers atd deliver service to
anestimated 9LISNOSyYy G 2F GKS {GFG4§SQa dzy aSNIHSKIueINS YA & ¢
shading indicates coverage using CBRS specirnengreen areas illustrate coverage with TWVS
wirelesstechnologies.Unlicensed5 GHz weless technology is used at two tower locations

where the number of potentially unserved addresses supported by the CBRS base statitths

exceed specification@.e., the CBRS equipment alone could not serve all theniges) 5 GHz

can be used to offlad unserved homes and businesses at broadband speeds from the CBRS
network.
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Figurel3C TVWS (Green) and CBRS (Blue) Coverage in Kent County
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