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l.lntroductScompmpeand

The internet has dramaticallgnagédgerwidthh hehevawastrhieh vaahyd etihdepye lo @

communicate, | earser wnage aicrcfed@msmatiided | 'y basis. Over the past
speed and convenience dxnc hwamiggdwsi, ndioniddeal buaadmess heahshcare
and gover nmearidlsteatvhicaré 4 i cahasepgyvowetsieaFployn.smme t he internet n

| i ke-peesreensto ubructe a surpriAmemgi eawimblerd®f xetd baivowtdebrannedt access.
Pew Research stuwmdy |l fiiomd@m@ircetn3t he ploptuillala dleaqailagteer net
accellseatest CenAmesr BuamraQommdnintdy ®$Swamweyensus tracts and ent
| ess halft @a®m households having home internet access.

This wapentr at edewcohiaext of a lodr gemcwomleidngidriaiemst aed org
City of ICobkimbgst ohawdttomseahtie Digital Di vi dénewiDti lgiin atl h dii v i d
|l arger and more varied topokvihgnf dcbadbdaadrassemanyi domains
connectivity, deNiitchds, tered wiidtear acoyn.t efxdc wdfp e hivmghgraaoamd t hi s

analysis around the availability,ndtfserenteatbygnhoasdhbhdg& |
Col umbusas Ghifooundati on upon which otshmary el ifSopee merddiecpalalnyni ng
have beenpaskedttmaps and visual i nf obrrroaat di boann ®wiithihdhe Gity ng t he p

of Columbus,t © d e notri fpyr iaoreimtserze there may be aac cneesesd, faonrd ipnrcorveiadsee ds h o
l ongrmcommendati ons f orni nhb e sWeraconggizeshatthe Gitg of Columbus is part of a

larger context with Franklin County and also Ohio State, however the scope of our report was limited to City of

Columbus.

AECOM began working on this analysis in May nofJu2n0e2 0o fa n2d0 2p0r.e sT

report i s based on public datasets available online, informa
of 2029uybsaaodi ption databases to which AECOM mai Afthaisns eaeaesh
ebft did not include access to propr ipetrasroyn isrufrosremast ii mn tfhreo m
nei ghbor hoo.®sbilhecoldaedsets forming the core of this evaluati
Depl oyment data, theSuvAmeay chaat &Commuchidogcuments provided by vae

working group.

AECOM has broken this reporaninnorolueei maj 6o ¢cbmpooenics of b
of tehmsevaluation of curr enfti nianhteeyrpnreets epnetsastii bokne aosfob s si and ba
precedent and industry best practices

We encourage the working group to aclemansufeort oagaheaowiantg off or t
the Digi.tal Di vide

YA S

Darren Vican, Vice President Mi chael Bongiorno, Vice Pr
AECOM AECOM
Technol ogg Sobupi on Buildings + Places
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2. Executi ve Summary

Through the evalrsat iodn oafr current liemtrinlepdby seela®c cmmacicestsi ovme s
infrastiCodumbaisd@lispsent acrSoosnse attlesssvean 6y i nald @ateattlgavps i n

coverage but in all cases ouf n#@ utcéasheeprp eeaxr mlt dori ebteicars d fn tt thees & aa
t heeh ewagmo rtehanfomxed brsoeardvbiacned pr dwi deiro sep idi@agpe air efagr mati on on |
presented in the section ExistimOgrBroadhbasd oBeirwi ¢dalPr ¢ hiedemn
|l ack of ddodpatdd @db aridi nactcheessse areas i s more complicated and di
brdbhandfrastr dcatcuroe .sl adtrid voifn@ppemtri dro be, in no toercdherri,c &lconom
|l iteracy, and Mperswomalt hélsoicsepresented i n Brhoeadsteamdi on titl ed

This reporfti nitdicb ete Bonoadbiamdt GapCi ty oft h@olremhalg iiof iraoftr astr uct
antdthany strategy for «c| owiilnlg havee Btroo abden aamiddr Gedsys epdl amitihng, sub
and public private parthersesbopemiac mmddakt amgrboewegi hg the co.
adoptWeorh.ave proposed a combinédomenmsmlfuitsihoms, medium, and

Shonttersnol utrieoqwsi re results before constructiomeoftaisnhfwagstouct
close the daepties utilize the iIinfwiasluaat iusoueb saimddyt pirso garlarmesa dyh ¢
all ow more peopl &i ke dut nbdri cmeedbbeakneds tiimfgr astructure by | owering
from an average ofmo%x0 pperctmamtlh ctosta f or househoOptsi arhsaat ar e
i nclauddde teidouncadt i on effornesiad@ntnidalexbsdamipgandssanwheulesi dy pl e
communities may | ack the digital lankeweryagiknd |bulok puercelsss d:
mobidwpoh sdandspl an

Meditmrm sol mtiloetvee r agi ncgi deydi stoimmg migtsy abnudi Indeftrweostkr uct ur e t o
expand access to existing 4iatcyx earsdi poodlmedsprag ¢i pg adag ed a ve
parks, community cent er sAnoa rhc 4peandma dstori uatni canr eiansv ol ves extendi n
commuty network infrastructure wirelessly mawmmateereloauss i nto s
infrastructure such as wireless mesh solutions

Lontgersno | utwiolnls depend on budgeting, r eghdsatt oprganegtainare tleami ng
sol utsihommud d d dhresiedcedmomi ¢ model or business caseeirrviacdedi ti on t
speeds and reliability. Long term sol utnifonass tsrhaoounlsdi éreecacnodgni z e
speed and tbgougbfmaentesi dents being asked to work and | earn f
ti men. the | ongwirgdritienmane ntthgers eaprpoourntduni ti es for Palbéver £giinv@t e Pa
exi spgummlgmanocdaprakl afnidb eprar t nering with private service provider
home

Pl ease refer to bhekfublundeporuntiersthading broadband ter ms
on the state of i nueenenh &abeef€st ynmi foaf &tt thuem bBur so,aadtbdaeodu rGa p ,
recommendations with case studies.

Prepared for: The Columbus Foundation AECOM
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.l ntroduot Bowadband

I'n t hi se rperpeosreentw i hf & euha b raocacdebdniisd scusBstcbndes references to t ¢
definitions that beneTherdrame smaney braekagnrtosinand statistics ol
current pfubdlmdcdearalon | @c adfragizaantd, ontownt o n e heefl ptfhudr shona btudnidneg t h e

fundamentals of r espiecidsstti Br BE@aalméE nd pleheids Guuiiddkee does a good
introdulecasdgcntcbeedt i nt ernet service tiers and the proper eval uz
connectivity forthi fodeebmedt t he FE£C€e oaatnidoast eesg dsldazarad usage
Li guhsteMo d e rlbastee and Hihghc hUsevhen cloenbn mmibemwidafh users requiring c¢
access at ,xorexispomeleso mmesedrewdi ce tier. These service tiers ar
Medi um, and AGhvaarntcsedf rom the FCC Household BroadbaerfieGende. ar
The full gui dehictams b/e/ Www.nfdc @atgov/ co+bs wmadsa/mgwr des/ househol d
It is important to address &hteemimmohlhecmids umd dr Dtaamdiindg axlc@ewsts n
The terms bandwidth, throughput, and s peedv amue ho fdtaedm wsaend bien
transmitted to or from an end user. But there a@re technical

under sAlotohdoough bandwi dth is the mostwlemmoal Kiemgn alseuwt itnhathid
ascansuwmerdrrehniefetyhnogugbhoputbandwihdtolugmeasure of how much
data is transferred fBaomhwsids ht emeé @asdrestofmahowhreweclretdatad | youl
transferred from sodercei td @ea.delstbnidsath emknsd i1 b & ondithlitait eh as a

hi ghway in which only a certainhamnaghdpeud\)i.ceg agrfovi desr pasys i hyi
net work capable of very Hioghfhaermndwil et h hehdweavdrn ct i@y achi eve
Througmepasures spaand  wilgitlloenl y i ndireciThereébakesdapprepeedte t
interchange the terms throughput and speed.

The dadtramughput woéquwiar é meish Eommetn aapgptocpodranse i s Wwbat for ms
t heCC spdefss.an example, streaming HD video is characterized
(Mbps)swhebdming a podcast or onlinel gsaditohad rsAlCi.bdhthMopusg.hipnéd a-
datapiosnpsesenited!| B&i@osgt,ab Idiagpeeidnt s atshrweddbkposmmendati ons for
some coemosuanepl i cations such as &toanb Ididvleedi has bhéyFE€@eci fy
d own | sopaedebdust froactointeol | aborative applications such as video
critical i mpa@rotvaenm aenedu rsimrEpydantes dnes such as we are experiencir
Cov-i@d, t hecapdtboialdietqgual 'y cri ti cal

Prepared for: The Columbus Foundation AECOM
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Download Upload
(Mbps) (Mbps)

Application / Usage

Typical Application Speeds (minimum sustained)
Youtube HD video 5 0
Youtube UltraHD Video 20 0
Zoom Meeting - HD Group Calls 3 3
Audic Streaming Less than 0.5 0
Web Conference Audio Less than 0.5 1
FCC Datapoints from FCC Broadband Guidelines
General Usage
General Browsing and Email 1 (Mot Given)
Streaming Online Radio Less than 0.5 | (Mot Given)
WolP Calls Less than 0.5 | (Mot Given)
Student 5to 25 (Not Given)
Telecommuting 5to 25 (Not Given)
File Downloading 10 {Not Given)
Sacial Media 1 (Not Given)
Streaming Media
Streaming Standard Definition Video 3tod (Not Given)
Streaming High Definition (HD) Video 5to8 (Not Given)
Streaming Ultra HD 4K Video 25 (Not Given)
Video Conferencing
Standard Personal Wideo Call [e.g., Skype) 1 (Not Given)
HD Persanal Video Call [e.g., Skype) 15 (Not Given)
HD Video Teleconferencing & (Mot Given)
Thl E Broadband Access Requirements for Typical acti vi

The B@Cntains a defiwhitc¢loni bfr dfemsbtaemdas a fiPerformance Ben
def i nistmpomr t antrguemsaoga tgovernance and reduwlsatderfy near landThe
updated their definitiomnofl9BboathleakrCCselecéri ali ti omeo®f Broadba
Second (Mbps) downupbhdadndThi &8 Mb¢gsbdbhpeddownPkR6ad,ltnd 2Mblpss upl
the FCC itnhdeesateodir broaaobameé n®2W dMbrprsemdtown| oad aonrd 235 /Mbps up

Thi2$/ 3 definition was a major i mprovensenay bme Sisamdotvsiomheport
new technologies thatewhwalventbheciomee md0 5, any plans for buil di
be wise to tamdeadd ao fihe sgelFavri ttdetear i nf or mati on on the history of

Broaditamdbe found on the &CtComleddaidtbeehmamd tiiront még :BroadbandNow
https://broadbandbnroowa ddoaamvd eport/ fcc
definition/#:~:text=The%20o0fficial %20FCC%20broadband%20def in
upao.

The |IRCG@eport on BroadROMEr dapDampdeyp ment Respouwussses the introc
ot hbeernc hmar ks suchdaatsa lcaatpesncoyr fall owanceso, and pricing. Ul t
inclusion ofltmeseiaddi ni ohasohbicaafebéenogmankthe underl yin
whet her advanced telecommunicati ans @ as alba,ctkditof eHdsabdeen depl
comprehensive data sourceséo fosThkealanesngF€CB8eBroatthandbPBno
i the 2020 report, however msareféerence$t h e ef idn dsicrugs i io@n ltoiHreeb20l h m
cess to the alll of the Broadbandp®rogwewst Repootsreanr be f
search/repopricsdswepadband

|
a
I

@ O n

a i scussion of broadband definitions, mer k énpmegt aitbr oad
der dthend al ue of these speeds over time. The perception of
o mi e or minimum speed, howeverenheycadebyypheahdpwuindc engp i on

| d
u q
p s
best caistei alosnndon the networ k, eSefneecmipdeldy,uia eme&xitmurmospeased.ci |
a c
0 e
i a
r r

- I oS

ppl i ations are stated as the maximum or peak required and
f th peak appliThdati mme r@efquima>ximammsver sus sustained internet
n peak uissageomp Imic aitse di nbpuotr t ant t o understanthhowghpese appl
e

qui ements i mpacota sbarmodacdsbearnedi ce tTlRe guectuisen omfs what i ntern
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should be fcomsinidrirmdm functional acoasstshtomwlhmobompehodemardeper
works in real world scenari os.

Ofi mportanddée fact that the maxi mum SFPeak Throughpui for eac

various appltbatitaspaakbovember which . .

. . ; . . Streami hgomeids
peri odindaltlyy iac @Irliye ffFr®or mexampl e, an en . . a
. . . . . . . . | Aburstyo traff
hi giefinition Youtube video wildl i ni ti momemyapeaks Wpeak dow
12 and 25 Mbps depending on the metwo buffTehir’bsSr‘tr et that t
assuming suffit¢tihant pelakoeghpgats, in timOf stream?)lnyonp w second
the end userés br ows &rhfeff eve sdeeso 6ulsp i ni t i with variab(;gegn
video may then consume perhaps 2 to 4 el msc mond alt @we r 30 seco
burstanbi gber peak wutilization for | e eagdAtieDsne conds. T
continues for the lduriatsiudrd i «fi etnfte tyhird Eresh.moMedIenrwer able for
streaming video, the browser applicat eedstwiidls!lulyt iIIy free
waits fonmntthe bomfer and then continu P paused,

tuttering or
uf f eReianligmeé d e o
uch as web co1
xhibits more
burstyo thro
peeds will r
nd audi o.

in pauses but no Otdhegampl esf of mbureny
applicationdrionwsl ndendeailaiille transf-br 8¢
applications the freetswarak ay @t belatrgahrpa

t hienf ormation is full transferred. T h 6 5 this asc

u
e

D W St W T WL O TN T

A different and vital c | a srse-ef li ncea t niReadail g Il ication
ti meplai cati ons csownd he raesiacned ocicaoheld 1A a v e a
sust atihnreodu gk gput reevreerntt he dur ation of the cahbulmeweér wvmiceanadr f |

web conferebetwgenhlsand 3 Mbps for the duraitideo chltheaocabt

buffer (or save in advance) more than 150 milliseconds of vi
other participanssi bhusheatabkl a di,f fseurcehn caes bae tvwedeeno Iciav d ,v ivdeer
vied, such as a YoutFwhbe |adraeNaltiddieiaxn sthroams mi tti ng the data may

intemovwe,veirf thibkepappl st atsikotnp ewiilnf osrinmgptliyon and p-tbomess the
audi o andukesdeag in choppy.video and | ost audio

Considering the bursty and consttharndd gsb pphtammegreenrgti c,@at prevotdeapp

neendot interpret the maxi mum speed metrics as a pierreemeritve r eq
for two simultaneous Youtube video streams is not so straight
requirements. | ns tteha b utghegnadnodw ni sst rcehaamn act eri zed in the figure
simultaneous daoahubdbereamirsg a high defTheitesnl vuistdesrost hwaitt ho we |
vi deo str eaabsurrsetquoifri2n0g Mbps do not resul tsimnat hnbérriaesft mpeecatkusr e
rarely overl ap sarsd ad énaendee f iogs emdrhe often | esdnthéamsdeMampl ger ac
internet connection with 25 Mbps throughput would be suffici
times. A 10 Mbps connection woul dl owesmnulthnougtopet trmenensatt hdte
period would be extended tbouta cweoouul ndt |fiokre Ityh er efsuullAt i ulfllineisniinnga |
connection would |likely suffer significant bufqgfuarkttiiotgoeand may
served.
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Youtube Bandwidth Demand
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Figure Bandwidth Consumption for Two Simultaneous Yo
Since -Chvtidere has been a renewed fo . _ASs a crit
. . Covil® Internet: .
and economic infrastructure el ement. . . In the in
. . During t-h® dStday
school hosted educationaltmatéentaflse . y on
) . home period, | a .
from home. The topic of securing fun . o the in
o . America have begq .
throughput has become a critical inf . tion for
. . remaihnonpet where | .
as service providers have worked to . . increas
. . . . using distance .
commuties and Cities who have sudden . rking an
from home telecommuting. a
This has resul t ¢
. . video conferenci .
Gi vennumker of things that have chan househol ds havi roducti o
2015 FCC Br oadbainmdc rBeanscehdnauvdeayg emeod i &,
. . . . work or school
video conépdeoaxedgsi mubraandbasdanysag

communi ty
advised tomadinfsiidatri an

| ooki hgntoi enalbrkeve
to the

I ndustry
staypomeer i odntanda pgaetreer al
conferencingnadragareni hbhkeuding

trendseasedv pneval enc

shift

simultaneousdd n

! of ban explosionin‘WOUIdb
2015 F throughpaseanfb'hmark'
@ eof Uy FCC 2015 Broadbg ;
Benchmar k.
to g
video calls for telemedicine,

This increase i n wihdeoe c2a5lwliiib@aea adioh rtoluath p utt hnea ya vbeer asguef fh ocu seenht
wi || need greantcteghppttobdna@isotneey gui dance or increased working
even ifaipgerivasiote demand.
Probosed Banduwi Our anafyshe functional | oweli tsf tihreo & db d rodvi
P sc e n afroiro ehtoaulsd br oadban:d a egouws élmeind s
Benchmar k . o . . S . . . .
Ke e the ECC 20 individgaising siamulitca rmpeduasoine arnniwog kfi rnogm
P . home Using the FCCdls own suggested minimum ¢
downl oad, modi f .. .
. suppl eme nstpeac iwfiitch rag@d ii rcearhd mtns efdosr, uopulroad sp
from 3 Mbpegi dao . . . . . .
conference stre recommendatd ofnunct itdmal definition for broat
. 2020 should be based arouniddMBpsMbpboddwnboa
(up to 4 simult ) . .
25l.Threcommendati on accounts famplfoads si mul
conference stre A, . .
activities, such as video call s, while | eav
Prepared for: The Columbus Foundation AECOM
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Our recommendlaa+#g@mmiss demah dbbndni nacchhawmltd for t We madmdled upl o
necersysat o accommohdoautsee hmoulldt irpelsei dent s, otnelve dedi ciomd eramd esnl i n
with the expectation that thesnea amppvikr chats doingse ewfiald m ckdingh nief itr
Ultrahi gh( DleD)i cheésd iwemhdr eesmobi |l e devices and displays shift to
and playbackhefl aadtdemaj.or trend we i n¢lowdearrd sni dant irelc obmrmeandiaa
throughpuaoanit hg psol il fnegreattidgamgadfalnd ot her coinmercd e&di rdgelvy creese d ht:
upl oad and dowhloadds@Bawaeadeen these trends, ctvee trag2opo3tOmeandd t hat
beyond should consisgperetdise g efr o miinn gnutmhBr olma vias dpobfa estrehdéOd@a s i ¢
Mbps ndsotwr @aadh 25 NbpeWempencourage higher speed tiers to be con
usage but view the 25/ 15 as a Brrecadmmenddceodmrnemmiktidiedisi not aodr 8as
topic of the Broadbdmd wglahgedifno lal opwisntg Coavhilde presents this prc
and recommended broadband definitions.

Defining Broadband for Success

Minimum - 2020 Minimum - 2030

i eyt

120
[l e L e L, |
I I
100 | 10 :
I I
80 | 1
I I
60 : I
I I
I I
40 I I
25 | 25 25 I
20 | 15 1
4 3 |
. 0.2 1 [ l
1996 2010 2015 | Report Report |
FCC Definition FCC Definition FCC Definition | Recommended Recommended
J

‘ =@=—Download ==®=Upload
(Mbps) (Mbps)

Figwrii storic, Currented aBwrdo aRdebcaonmimeDnedf i ni t i ons
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4.Under st armé&ir oa d bGanpd

The presence of a significant portion of the population who
and is an issue being pursued at both the wurban and rural | e
Understanding the Brtowa baempgla rGatfel ioavcktailmgetdi cers kd in&gé s fcii eend
broadbanfd astand) ocooki ng f ant &dravaes |tolw a.dlo®s e oaar @ an®ts necessari
same | ocations.

Figure 1.

Percentage of Households With
Subscription to Any Broadband Service:
2013-2017

Percent by
County

85.0-100.0
75.0-84.9
65.0-749
55.0-64.9
0.0-54.9

Source: U.S. Census Bureau,
100 Mies 2013-2017 American Ce ity Survey 5-Year Esti

For more information on the American Community Survey, see <census.gov/acs>.

Fi gwBr eNati onal Broadband-2Mdopti on, ACS 2013

The most standardi zed datasets for are the

Data and the AmericanA@ﬁ,mmunTl’tpgusbSLiacAT&T PO &7 R

nationwi de datasets organized by ce (s Gl @ el n_dated re

However, they each have tFhCe®raor mmwh7 5 Co!umbus St Dely.
. . . . Ohi o Wwehens (390
is sepbrted by servicenpresuberbsnan c h £90 25
such as the April 2020 error identi Uy e @ e el § (rvice pr

reported service acrosXnoesnsuiess twiatc toeas (HY0YSB) S 2
b and Summit (3915

ACS dataset inabode ghesphoasing of ked
ad extrafpodmt i onmnt ed sampling.
The gap in access to internet service is very real. As an il

overview of data summari zing those areas winsghotohe ogd @ amteest n
services suclFig#dbeél ewelre dar ker pur pl e hdrgees ta rneu ntbreas e fwistt hu dt
NOTacceéestghe sysitmmot htee dveorrlpenr ptiteme se t h.e As ctetsiss report demon

these areas | argely correspond to the areasfewérnihcdame | east i
Community Survey (ACS) data on internet access and subscript
Prepared for: The Columbus Foundation AECOM
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| denti fying Areas of Need
One of the wvisualizations that most clearly shoGwsl urhbeusdi vi de
City Schools in the form of dat&obtumbusd€nty -BioddonatcesSsingyeC

central | earni ng Thiswo uirrcfesr mpatritaad .was pr oivikidedlb else o wliantga Vv i st
areas whiitghhetshte conhe@atcadg ec@aeafhe dar kest.Npurepclbeh risastreaat & h e
American CommuAmMGBdyt Burowne p ol &irNtoy lanmde rA®Y AccessO responses.
Students Not Accessing System
6 May st through 8th
SRR s
Highest Student Density
:] Receiving Chromebooks |
_ Students |
Not Accessing Clever
1-69
70-272
273 - 608
| [ e09-1375
& [ 1376 - 2086
:"‘0"’“‘“""*'““":’:;"‘*"““"""" o -.»-r-; 4J’l94
Caordrata Sysare NAGS), Sealtens v Seus 1P 3401 Fee) 3137 a9
l)ms-ut!unvmuusnn’nm 15 foanir
e S
1
Figuwure Student Participation in Remote Educatio
A natieowvdg performed every year, the American Community Sul
nationally basedi ng wi smambee demail ed questions than the Ce
from this ACS databasedsibewrr avypormges of ACS data from 2013 t

extrapol ated from samples of

Prepared for: The Columbus Foundation
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Ungeln Viltad

Fi gbbr ARCS No I nternet A€eesssRd&spoR%etwd t>h27 %

By adjusting the visualization boundaries, an i mage of the ¢
hi ghest number of responses for fiNo I nternet AccessoOoO is retu
at 29% and tbe dppéerendi ati on at 50%

©)[ [=]+]

Percent of Households with No Internet
Access

>50
I394

Lilloy 4
Bulen p

Figwr eACS No Internet Response, filtered for 30% or
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The data from these census tractBhiis rsapnoatr i meldes nnd het dtod mer

the ampreomruii del ine for action but choseehG%Wsad rracpgrse svd rtthi rd e
internet adoption or access. The working group or readers of
visualization oACSomast anlithe @EuUHlIvicsualizations |linked in thi

American Community Survey Data for
Columbus Ohio: Census Tracts with > 3
Responding "No Internet Access"

Number of
Households % of Household
Without Without
Internet Access Internet Access
51 438 57.6%
42 142 49.3%
93.31 289 48.1%
14 291 44.6%
15 316 43.6%
61 406 42.9%
29 462 41.5%
50 706 41.0%
93.23 580 38.9%
93.21 347 38.1%
56.20 348 37.9%
27.10 414 37.4%
27.30 388 37.0%
55 642 37.0%
23 175 35.2%
93.25 708 34.5%
49 672 34.4%
46.20 303 34.3%
87.20 469 34.0%
75.20 396 33.9%
9.20 243 33.5%
56.10 227 32.0%
75.11 257 32.0%
54.10 185 31.8%
48.20 291 31.5%
7.30 403 30.7%
87.30 194 30.6%
Tab2€ol umbus cenwushtrawést internet access |l evels per

Prepared for: The Columbus Foundation AECOM
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For comparative puspbtses, PobherA@Sbgarte@ansus tract is included
bet ween internet access, school onlinedalacashadedyatemspacce

i

DR

1
)

Fi guwr&CS Poverty DeGegsaphTragck¥% twa t>h30 %

Lack of internet access is a complicated situation but barri
the presence or availability of internet accesswa®sd the affo
commi ssi onetde tdohaeiviaalbuial i ty eofimatretget hewevecein evaluating t
e v i d e nthie mairmbartier to accessing the internet was not a lack of infrastructure.

Cellular or Wired Internet?

ACS data shows a correlation bet
and usage of mobil e dat al hoen tao psinf
cel lounllayr i nt ernet is addressed |

There are numerous sites dedicated to making the ACS data av
me mbe®rse | ocat i one aadvearisl adbfl &t htitoh er ¢ p onet itth ewd 0| rl eolwd angge lioxxc at i on.
http://columbus. maps.arcgis.com/apps/ webappva&Wwacd6dadex. ht ml

Prepared for: The Columbus Foundation AECOM
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Exi sBromgdband Service Provider

AECOM has ahmhel £ieg of Col umbus aarneda ss ufrorro ummudlitnigp Isee rpvriocvei der o f
research was conducted wusi nsgerawirvceeri ey wébspaogessrrsextieas ap
affairs comdaram tr4e7/gii BECC at i AAmMmed d tcaama LCoanmu ni ty Swhb yenh g(AdCB) dat a
fiber and wireless database repositories, and organizations
and di dintcfimhei ball owi ng maps s hmoevp ¢ th&e gREE@Fomide7ef dPrr otviedeGi ty of
Col umbus across multiple speed tiers.

FigwBre 10Mbps x 1 Mbps Baesed ceRAFW@CL4AaDIi Dat g

Fi gwWr e25Mbps x 3 Mblpass Ad aon abCCikEgrm 477 Dat a

Prepared for: The Columbus Foundation AECOM
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Fi g urOe 50 Mbps x 5 Mape dAwai IFLKC IFiotryn 477 Dat a

Fi gurlie 100 Mbps x 10 bMbBdsoAv &iCICalFiolrimt #77 Dat a

As depicted in the coverage maps above, there appear to be s
are particularly worrisome given that some of them are found
establiiAClBkadt a and data provided by the Columbus City School L
the data, weacfhobbosfdet hatas wer emuilntpfrpaosiadsedr rtvieed sbpyeed ti ers off
comparable to other service provider areas in the city. For |

Prepared for: The Columbus Foundation AECOM
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as s
Scho
and
reve
t he
Howe
not
pric
have
rema

Ther
when
repr
reve

The
code
dat a
mi gh
span
infr
way
firs
Addi
hous

hown by tAlse rEe@C edsaetna.ed by the American Censumb6srvey, th
ol system, this zip code isl2ameanmda ofeaconangr matwietndamesp
the number of households .WobhkoAD&BEGDrofafdd@inmg sium stchii pts o
al s speteods5 oMblpys uwpi t h 1.5 Mbps being the tyRietalti oef ¢noi ng
speed stie®risnaotdhemn ntehigh biog i ang aafnfeeatiprey | tev émet sipeed

ver, there are stchme idmaacac uarsa cwiee sf iwidt t hat access to an al
the issue as depBgtkdoknnghetibgbbkheshebowwadser Sompetitive
epéed ofTfharsi nmpss. typicalrébromungfthesegspioh pbdecks, one s
aompretitive offering in an droeas,peteut ordsx edfaftd rond choestt
ined high.

e are multiple areas wit hcirne ptahnec iceist ys htohwaitn gh aav el ascikmiolfa rs edr

in fact there are viable options for consumers. Another
esented some of +{f{plaegthicdipadti omati s omfl i memeslcohwo ohl o waecvteirvi t i e
al that the reason is not |likely due to a | ack of broadhb

met hodol ogy used to validate the FCC service provider da
s of concernofppoverityzleedvédlase@ensus survey responses r e
obtained from Columbus City Schools. We then analyzed t
t inhibit a service provagsgttrudtrome.i nTleessé nmpot entir@ladibamdi
s, railroad tracks, river s, and major roadways. These ge
astructure buildout by requiring addi th omsalsdeakidrg miadletr:
and other regulatory requirements. Household addresses w
t and used to verify which of the service providers were
ti ada@resses were selected along side streets and avenues
ehold addresses | ocated on a corner as well as near the

Spectrum Internet:
Speeds between 50 Mbps and
100 Mbps ($29.99 to $49.99)

Wow! Internet -

200 Mbps (49.99)

Spectrum Internet:
Speeds between 50 Mbps and
100 Mbps ($29.99 to $49.99)

Fi g ur2e Service Availiabizliipt CDEEXampl es
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Wow! Internet
200 Mbps (49.99)

and 940 Mbps ($49.99 to
$109.99)
Wow! Internet = 2 Y T 3 *©
200 Mbps (49.99) C
AT&T Internet:

Speeds up to 18 Mbps
(549.99)

N

Spectrum Internet:

Speeds between 100 Mbps
and 940 Mbps ($49.99 to
$109.99)

oy VeI N

Wow! Internet
: 200 Mbps (49.99)
Wow! Internet

200 Mbps (49.99)

E Spectrum Internet:
Speeds between 100 Mbps
and 940 Mbps ($49.99 to

$109.99)

FigurdeSservice Availability Exx&amples in Zip Code 4

AT& terne! =

j \T’IH i (‘t,' ME § ] ’ Spectrum Internet

Ppeeds Ul 10,10 S0 B Speeds between 30 Mbps and
100 Mbps (517.99 to $49.99)

Wow! Internet

200 Mbps (49.99)

B Spectrum Internet

Speeds between 30 Mbps and

100 Mbps ($17.99 to $49.99) § -

AT&T Internet
Speeds up to 10 Mbps
(549.99)

%

Fi gurdeéService Availability Examples in Zip Code 4
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Most nei gslebrcer lseads ed wvsietrhv iacte Iperaosvti dder s with somMbeareas elaavi nig
are mostly found in the dowlntboBgx laemyd, sG@errmam dVinlgl eage,asand cGr ¢
The remai niGog uamdbeuass sier vieeda bt Zdant er mewi phovalll seawnile BSd

the pri mar yTheecnhonsotl opgryeval ent servi Chaprnevi GdeorestivonCabdmAT & Ts
the top two service ar easThas cwenple tai st isvueb sfcoroitbperdi entta ifhoerd .ser vi ¢
bel ow by zip code:

Zip Code AT&T AT&T FiberBresco BroadbandCenturyLinkMediacom Spectrum Wow!

42223 100 X 50 X X 940 50
43068 100 X 50 100 X 940 50
43201 100 1000 50 X X 940 50
43203 100 1000 50 X X 940 50
43204 100 X 50 X X 940 50
43205 100 1000 50 X X 940 50
43206 100 1000 50 X X 940 50
43207 100 X 50 X 940 50
43211 100 1000 50 X X 940 50
43213 100 1000 50 X X 940 50
43219 100 1000 50 X 100 940 50
43222 100 X 50 X X 940 50
43224 1000 1000 50 X X 940 50
43228 100 X 50 X X 940 50
43229 100 X 50 X X 940 50
43231 100 1000 50 X X 940 50
43232 100 1000 50 X X 940 50

TabB8&ervice Provider Max Speed* by Zip Code (source:

*AECOM found that tdet mawamumnapeeddvheéetlt ke kiosmeedames .
speed may be avainatbhlmean heavterdyoeaddamrsise i et had at pt catde

speddr ex,ampl service provider Wow! is able to provide up
arearsd AT&TO6s DSL service was often |l ess than 100 Mbps
Note thabasetdel hi eenet servibespe .
. . . . N. Satellite Broadban
and Viasat were excl udesdufffriocm etnhti . .
. . Proé&s miBueid dout <cog
speeAls . showrntirnoduhcet i on t o Broadba
S . Consdower upload sp
speeds are critical for working f . ce | earn
. hi gher | atency .
functions. In the future, the nex Next Gemew eneratelllte 0
those being devel opedghga$i arkiemnk . .g
. Satellite internet
planned 30 to 50 millsi ssaenc 0o mg r loa teen
. i . . devel opment and ar
prevsausbddaer viThestarget audienc .
address the digita . .
however are areas where no broadb|  ~—_ . . rvice is
. . . . initially aimed at
Al t hough the service is beginning . . . summer,
. . . exi stfirngstirnuctur e.
be seen hdwequwiealkliyce wil |, bvehagte nle Undeéevel oped areas
and throughput aosr wepdada swihlel plbe ce B

AECOM concluded that cehvadn aieny gaicbhoonr chroiocdasl,| yone or mores high spe
i s availmbudmerf oirntceornet services.

Addi tional resources for accessing and visualizing the FCC a
City of GbSumbus
http://columbus. maps.arcgis.com/ apps/ webappviewer/index. ht ml
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Mapping Data Created by MORPC:
https:// www. arcgis.com/ home/webmap/viewer.html ?we-bmap=dbe961
83. 206 8329 .68968,9, 40. 0776

FCC 8dband Depl oy nhetnitp swe/b/ otoo.ouls:a. gov/ xwpA]

https://broadbandmap.fcc.gov/ #/ ar ea
summary?version=jun2019&type=nationé&geoid=0&tech=acfoswé&spee
82.99799706212838&vzoom=10.380680405214546&scheme=ramp3

Exi sBrog@gdbamdi e Provider Pric

The list of broadband service providers in the Columbus area
considerable footprint througheut oprd att bperse aar avedui t Hoavefvew,
opeormas do not represent a ubiquitous |ist of competing servi
some of the smaller carriers is surprisingly small and often

thereof) of -meutlr o idbred Iwhngch is either owned®&uly ,@hcéoansheioweidc e p
with the business requirements and demogcamhofct o nmpeg eintt iian
erratic geogrhophisatvi.melgemfertarled and throughout the country,

homewor k when pursuing a new broadband market area. Aside fr
age, i ncome, or the density of homes, rivedbasiemss Drmedelstmayg
that do not cater to business needs or offer fewer tiers of

such as negotiating to install infrastructure sfdro & hger eaarefai.e
Ot her operators may simply plan on only providing internet s
services which often increase the regulatory and licensing o
dri ve amdoapdrbovi ders across the nation to build a varied set o

requirements of the subscriber market.

For the Col umbus area however, we find-otnhlayt stehrev isceer viisc eq upirtoev
terms of options. While there are some | ower speed tier opti
enticindgoandthegh average consumer to consider. We find it comm
additional fees such as $10 per month equipment fees or oner
an introductory priced whfi cthhd nmirreiamsuwens tadr m.hel enmost of these
the consumer t o pprriccheads eo ptthieopltriiagseealr heoohfpfmeerms slee Ve ¥ @luma t hi s
|l ack of price differentiation t oa baendt hies cla skeeltyh rdoru-gvheonu tb yt hae f
priced (and therefore mor eWhpirloeh dhbt icafedp enyrspmarcd li cede pac K hpe ss.er vi ¢
industey, fhastannegative i mpact on those hroeusneahrorlodws sweitt hofa sle
requiremencannot afford the higher tiered service

Tier Flattening
The notion of tier flattening

of Digital Di vide as | ack of g
speed tierssatcah opveesemtstbarri
| ower income househol ds. Furth

can be found at t he NDIA websi
https://www.diqi12@|1i8m@|74ﬂ§iad)mbq
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https://www.arcgis.com/home/webmap/viewer.html?webmap=dbe9615d3423404a87257577a3cfdfe8&extent=-83.206,39.86,-82.6989,40.0776
https://go.usa.gov/xwpAj
https://broadbandmap.fcc.gov/#/area-summary?version=jun2019&type=nation&geoid=0&tech=acfosw&speed=25_3&vlat=39.99594817197561&vlon=-82.99799706212838&vzoom=10.380680405214546&scheme=ramp3
https://broadbandmap.fcc.gov/#/area-summary?version=jun2019&type=nation&geoid=0&tech=acfosw&speed=25_3&vlat=39.99594817197561&vlon=-82.99799706212838&vzoom=10.380680405214546&scheme=ramp3
https://broadbandmap.fcc.gov/#/area-summary?version=jun2019&type=nation&geoid=0&tech=acfosw&speed=25_3&vlat=39.99594817197561&vlon=-82.99799706212838&vzoom=10.380680405214546&scheme=ramp3
https://www.digitalinclusion.org/blog/2018/07/31/tier-flattening/

Broadband Access in City of Columbus, Ohio The Columbus Foundation

Exi sWWimg@l ess Service Avail abil
The Columbus region is well served by wirelegsodnsemnviexe oproain
gaps in aodefagp@amert ciiennchioetsh cel | oigar gtrapwdem mxaail tiiesg t hat

couilmdpeadewi r el ess prTohvei dfeirgbusr es ibgenl aolann tpe rorvd dsist iarcg uvailt hi n t he a
inclusive of all wirel eAECObMrpechaopmethddeudemrat wor kseconomi
chall enged areas wherewanhimtarinavbghawamhioahlséet ahgpeal metases,
antenna | ocation was avawhiadH ei § niiwekissd teibweni 8DO0fQsfekbhguae t h

dense and healthy subscriber market

Fi gurbse Cellular Antenna Siting

The primary wireless providers in the Columbus region are

1 AT&T LTE

q Sprint LTE
1 TMobil e LTE
q Verizon LTE

By utilizing one of these providers, a consWmhéeérercarerdx mpagt r
providers do provide services however they are lilkely utiliz
general, no cosveragpei dapgd ex |l es southeast of Cdl dimbuamportaht
to notcovtehatge gaps can-secoed wirtteli dua wel larchitectural and s
buil dlihnegsl.ar gest i mpedancepéagawi oel es swhbeaggl naasss pmives i as t yow

gl asssed i n newer and refurbi sehedglcdms hd ilisg sechaatdi mhgpsnesr. Lo wmanu
wi sBh met altlhiad fbolomrkamelat her ef ore | mpmeves ad lbamd gymegd&inci ency

Unf ortuneet gllya,ssl e f ed teickt @ loynalginedc k£ @PEMe t rahdei agk oryef r om
reducing the efficianyi 0dé wheebeislsdismgnals mangyrcabspst hesmasbeé
of argemmercial facilities, a distributeedcmerdtyenrha ss ypgtoedrhe(mMDAS

The ACS data shows a correlation betweenmbbow!| ei dad ai ohéynartr e
This is iint Ik eiempfi mrgmavt i on provided by the working group that 1
wi red ihmtver cehtosen t o prioritize rmdhboinhee odradtear.s Dsuurcihn ga sa niui cnhe oof
country is facing ridgbhstadwaaw,t atgheiss tshiegeni afhigelasneiisiloyod ¢ eams c ome wi t
caps not designed with the needs of providing an entire hous
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However, deploying mobile dat ahduwsteshmdltchs a8 wi spdapetbeeecrhge

means earfporarily providing internet connectigwoivey naneati snan ap
charitable organizations with growing traction. The emergenc
covering hepseehal Hy where there is a lack of wired infrastru
residential broadband solution is provided in the technologi

5, Cl osing t@Ger Gampt Progr

A numbser wirce providers, city government, and charitable org:
devel opment to bridge t hAeddciotsito naanld ya f froarndya boifl itthye gseepr.vi ce pr o
programs in pl acesuaol acdodnrdeistsi @tnh&e bubnuCdos8i d summary of some of

Subsi Bresedi ng9Covi d

There are severalpfededat pndgsamsi tecused on di scounts and
connectivity. The i mablhtasrt pc @mwiadnarsahtoi usstedftoolrd ema © |1 dlede a dhy a

| owncome assi stialkne ep pbloigc atmoudsi ngt bevy $WINAIP, f ytf os assi &eadygce p
home I nternet. However, many pr oviindceornse hcadvsgt opndearnss ngear éids ¢ 0 wi
with theBesleorw iacree exampl es o fc atnh obsee adpipslcioeudn ttso wah itcyhpi c al recu.
$29.99 and $49.99 per mont h.

1 AT&T¢ Up to 10 Mbps for $5/mo. or $10/mo.*
Cox¢ Up to 15 Mbps for $9.95/mo.*
Mediacom¢ Up to 10 Mbps for $9.95/mo.*
Spectrumg Up to 30 Mbps for $14.99/mo.*
Xfinity ¢ Upto 15 Mbps for $9.95/mo.*

*Nearly al/l providers require installation fees and monthly

BroadbRenldi ef fd4A0 COYhDt s

The foll owi ng biroaa baywrdopsiryiacfe providers discolfhtpamdhaembenef
as well as benefits for econolnmiecrael Iwe rdei saadddli @t niftaargead W c GhGoMul sDe éalo il &l |
programs available in the early spring of 2020 however the d
passed. The fsotldtoewiaAf§ Goeviiide &€ plwomedO@2Mbeas ekisting plans may
or provide a model for future subsidies to | ower the cost ba

AT&T

AT&T offer
with no co
300GB or 6
|
a

1
1
1
T

ram called AAccesso whntberpebvadeses SNAP pa!
r i nstsalrlvatcieomwifldes .ncl e ddai sownurmtlegd dat a a
a/ mo. dependingvanl ahltetypeMaps, shedhlpof a1
brediutntel 0dat a pé aex ghEdwawmiclelmati cally charg
of tdhattad au pad e ,i evenmceds |lefss than 50 gigaby

respective
$10 for e

Throdghe, 320020, oAT&Tiing several temporary rielief terms for cu

f Will not terminate any postpaid wireless, home phone, or

T Waive any | ate payment fees

T Waive domestic wireless overage charges

T Keep AP&Dds$sFd Wiot spots open for any American who needs th

T Households who participate in the National School Lunch
month access fees for fixed and wireless internet access
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T 96Day fresxe tacwcissco Webex meetings

T I f actineawtiirred ess access pl an,
For exwisrteilnegss hot spot assttbsatibats$y ANh&Teiasing mobile hotspo
each | ine on an unlimited planr rtilmgt adlUhortemepniegxv ishEB&MTgdes a mon

Unl i mi teews tEd ma#5S GRi ahmont h of .Eleit ¢ghicobtlisepgp tp erl alnisna ncl ude:

T AT&T unlimited plans: AT&T Unlimited Elite, AT&T Unl i mit e
Unl i nintheadhced Pl us, AT&T Unlimited Pl us

T All AT&T Molbpilla@esSharekE

1T AT&T PREPAbDbDSEMIY plans: $75, $65, $50, and $35

Ot her programs offered by AT&T have either expired or are as:
member serviengcabdarsd sSNaval ships.

Charter CommEBmpiecdtriuonn s/

Families witwhbut benabtreto get the service at no cost for 60
Communications/ Spectrum. Charter wiidl aftfcessf foe BPaddtaysmtior
wit-h2Kand/ or college students who do not already have a Spec
up to 100 Mbps. The service won't be free after 60 days. Cus
service to parviodlitnegy.e gllsar of f er :
T A broadband Internet access connection, with 100Mbps or
and 10Mbps upload speedssepr oei gioneddeott héaendty, staf"

or distri ot ssoigtuipadIlrtremote connections

$49.99/ month

Wi-Fi-$6. 99 / month

T No term requirement and no euasrelry ctoenrnnkitn ardeiqouninrifeesem omnf aaly
connections within 1 year

= =

T A fully feafcurnsd bmogdieme snsad pmoeftasdiadci on from one of our
technicians
T Fully out sou-ckas subseesrd nseuspsport for questions and technical

users 24/ 7/ 365

ectalusnro offers Spectrum Hmdaedmend Aprsogrtamht ltant i delai vers spe
7.99 péncmhmowdimg the modem.

Comcast/ Xfinity

New customers will receive 60 days of complimentary I nternet
qguali fiiedomewhotuieseh$9d85/ month. Additionally, for all new anc
the speed of the programds I nternet service was increased to
increase wil/ go into effdetcomer the addi biacrals pfeea dmd itthewip
The company aliswi Islharoetd diihsacconnect a customerds internet serv
the company that they candt pay their bills during this peri
Wo w!

Wowdustomers who are unable to pay for their service wil!/l n ot
temporarily suspended.
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6. Mobivlsei xed Broadband

Pew Resear Rkl €EasMeltihlee Technology and Home Broadband 2019 r ep
https://www. pewr esearld/ mathd/dientadndmpentie/r 200a1dR/80168/ /

Based on a Januarhye 2d0alt9?2 &rugpveeeaylesnt of adults reported not subs
45 percent of whom said that the reason forgniooheyWonegdesd. wAas
variety of other reasons were provided, as shown in the foll

45% of non-broadband users now cite their smartphone as a reason for not
subscribing to high-speed internet service

% of non-broadband users who say the following are a reason why they do not have high speed internet service at
home

Monthly cost of  Smartphone does Have other Cost of computer Service is not  Some other reason
home broadband everything you options for  is too expensive available or speed
subscription is too need  internet access is unacceptable
expensive outside of home 12015
2019

59%
50%
45 46 43 45
27 31
23 29 25
.. H

MNote: Respondents who did not give an answer are not shown,
Source: Survey of U.S. adults conducted Jan. 8-Feb. 7, 2019. Trend data from previous Center surveys.
“Mobile Technology and Home Broadband 2019°

PEW RESEARCH CENTER

Fi gur6e Reasons for Choosing Cellular DModi OeeMeWihned oByoadhba
Home Broadband 2019 Report

Prepared for: The Columbus Foundation AECOM
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That
considerably

Fi gur7ie Demographics for

and Home

Thi
amitdh@OoV 1
pri mary
econocnoinepr omoboseproperly
home d
connection

for
Fi
mor e
l'i kely

usage.
afford
datpd ah |l ocati ons.
unl i miteddpWwansging of
progr ams

t he
2013

found that
bet ween

samdy growth in adults

and 2019 as show

Americans of all ages are increasingly likely to say
they mostly go online using their smartphone

% of U.S. adults who say they mostly go online using a cellphone

80 %

Ages 18-29

40
37
All U.S. adults

27
19 50-64
20
15
65+
6
2
0
2013 2019
Note: Respondents who did not give an answer or gave other responses are not shown.
Source: Survey of U.S. adults conducted Jan. 8-Feb. 7, 2019. Trend data from previous

Center surveys.
“Mobile Technology and Home Broadband 2019"

PEW RESEARCH CENTER
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araes. The foll owing-lmaeplpsoapdédotaolhii gihe existing fiber route
providers in the area. Note that some providers may have a s
area but mpeterowi tbin the central Columbus area itself. Al so,
route through the city and deployed fiber simultaneously alo
costs. Additional mapbabtofaemehrepétcbeircproutder has depl oyed
Appendi xXAA this time, AECOM makes no representatiomesdé fpirbei
service offerings
W E— —7 ) %he Ohio State l H
70, rvesaitie - | W
r e — ibW Ridge
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l Riverle] @ =
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A ——l_
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Fi gur9e City of Col umbus Fiber NetworKk

The€i by Col umbus it soeviefr maOd0Otice Mpvy edicmdl 2Bi§ngtoands which is
considerabl ehrovugbbokhget wookti nues to grow3$2Mday B2t 5 Ma heal
annual i rbvaessetdamreoara s o f n e epr mjnalc tge d witlphe t hr@dtGVotryk serves city f
antdr anspadarntfataisamr hassamal laemd portion reserved for commercial d
of f er ednduenfdecarsiibf e UREght RU)Th& rteye mesntcsurrentl y exploring othei
net work and is amenable to discusshetagldarcssnd hteostoingdi t @ad ulgdhpb
areas of the city.

There ar e wfi ¢ the @Gity af @adumbuswher e metro fiber does not exist. These
do not automatically translate into an opportunity for acces
broadband operator can accrespentaps iomthercooren evett weirtkh ot her
interconnection point is called a peering network and they p

route traffic between various <cities anes sevdenl icweurnyt rtihees noent rtc
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net works within the Columbus area indicate that there is a h
therefore a diverse set of options for subtending to various

Wi rel ess Mesh

Wireless mesh networks or wireless community networks have e

serves a variety of business and organizational -hnoeceds. Whil e
cluster of noded ewlpiegecbecommoasnt cmesh networks rely on static |
hi gippeed broadband connection. Wireless mesh netwepkoymaly con
|l aptops sharing the same pr oet occoonltse xan do fr ocau triensg duepncta taeds .br oland b
wireless mesh networks can be a formalized offering from a s
from a collection of volunteers who or gamimba nwietdh iwn rtel eeisrs c o
nodes that collectively form a network. A set of internet ex
service provider is determined and placed in geographically
number of nodes increases in a mesh network, so does the s ma
router is deployed similar to traditional broadband networks
area networ k.

Internet Internet
Router Router
() (CD))

m { Wireless Mesh
Wireless Mesh Gateway Router

Gateway Router

k) % &

Mobile & Qi .
Fixed Devices Mobile &

Fixed Devices

Fi gwroe Wi rel ess Mesh Network Diagram

The most signi bifcantreae@sanmagd networks| wirelessPMaesh& |€ESS P

of the network is simplified and there i prdgow InfrastruP! oy
bet ween homes.wiHoevleevyes ,sitheal s arleelvzmllem@hof deployment
outages and indi wifdwmaln®etowmortkh enaggd heave f ConWeather, whi ch
form an alternate path to the |1 XP nOdeS-support/mainteneSide
pur pbselt to connect underserved neighb s typ
even no recurring @ast tpmer updntomt Kowe\s —o e wWTr T EeT eSS
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equi pment and installation may be considerabl e; ranging from
difficulty in reaching a signal. Subsidized i ngtealNeavt iYom kf ee
City Mesh network (NYCmesh.net).

Passive Optical Net wor ks

Later in ABWGCGM deiplesld der at esmostrategies for addr eswiitnhgouthe br
the needitn iemwewtbyoadlhbeasd i mfer dhti sucsteet i on thhoewebvreoa dbiadnd de
technologies to considerm sodddrn ®nsiwhegraepkotiderstai pudd i c/ pri
coll aboration with exi stuickgssdmuvice providers is not

To meet the demadd$uodotbreumpehications, it is imperative that
provide théehnecghgady so wit REICIOMh asesleipa Biclaihtaf.i ber with the
of passive optical net wotr&k ss dIPWODiNi)omp rfourn dexi gthienglandnaf ut ur e 1
fiber tedhmroluoggipeasn,ds are satisfied, bringing the communicat:i
that can interface directly with hrosmeasnd bguosvi enrensnseenst, aodf & n ccieess, .
fiber technol ogy apracv itde d ad ahitghersf er at speeds at any rate
including up to 10G®nAMN, ten alrl isreg vti tcee epvreorv i edkepra @tiloe wsgucpeps! vy a

and applications, such as High Definitiepe&d HDAVRHE] | Vwtheéeobeo
providtagabhbiiopabf cter @dinhecti vity.

Broadband access equi pmenteple®y i delrdsormaweer gadod kes etwont i paFspse e
pl 4dyoice, videms sODatted x allsiNeg wor ki  PANPONecbnmahdg up of fiber

and passive spleéetserbBatandi sbui bute an optical signal through
that t eeranmihndticoefhseegmesive (unpowered) fiber in the midspan
(12.5 mil eTsh)i sorarntohriet.echutbei 65i depecbebdow and details the spe

Optical NeP@N)y klsowever other spedds@arPeONa vraeiflearbrieed itnoc lausd i Xn&gS

2.5 Gbps
Downstream

Central Office 7S Subscriber
Upstream
- Homes
Optical Line )
Terminal (OLT) Optical Network
Single Multiple Terminal (ONT)
F——— Fiber Fibers

1x32.

Optical
Splitter

| |
20 Km (12.5 Miles)
Fi gwrie Gigabit Passive Optical Net wor k Overvi e\
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PON echnoh @ gpiecsome t he defacto standard for brexplmamdde odel i ver )
the 5G wireless spectrum, PON wi | | continue to serve as the
instal Emramphlssr pgdband access offerings based on PON technol o
T FrontierVérogEmesl! y

T AT&T Gigapower

T Google Fiber

The following is a partpad sdprtsitc aolf faidbvearn tsaygsetse misni usi ng

T Higher Bandwidth Capacity

T ResistOudesitdee I nterference

T Longer Reach

T Lower Mai ntenance Cost s

T Longer Life

T Better Reliability

Communities and cseofvier prwivicd-akadege sahdvemsr eapeads

without the concern ot sehiénghietetedrbd nfemls2@Qiccttucrrenbéofjuesr al so
require | ess power than | egacy( a cgeceensesr itce cthgneonheofga tei sg assui cohfl sadsi gxi
subscriber | oop technologiesansdi €ATVYe.ppIshtiesmwpiasrtteidc uplaairrl yc atbrluie
mi dspan of a PON deployment whAerRBONoOt polweol 0gi eeqgevoldeatoml
the network need to ke taubdrke sed eeceeaintskt mwawte ic opd U eo rt ce gtahiogp meenit! i t
use di fferent wavelengths of | ight on the same fiber infrast
I't i s important taon @GnAdltVe styleate mpovodvriyd@SiLgh bandwi dth services t
The technology has evolved to keaecpragromisseas damaddwi hbwelies
technology evolution. Wi th xDSL for exampletinhlge hlbosals ktooph
providerds central office) must be in exc¥DLS82e thanaeisti on t o
iteraxD8h offerings and can ghosi dscepétycoad de@s Mb pshpoeweedv er as
rapidly declines as the distAfmtceraodmelir§ek0 cfogpete rdicsatbd rec & nfcrrcem st
of ficeretheambstic throlugderutt éd D6 /OB Re.i someti mes effective
dense urban éwowuindonmekEus opeannodfufad ¢cthieke gi ven the very diff
sprawling suburbtdst hreggbaoa@AT\Y hteawddhrSal ogi es which rely on DOC:E
al so provide very high bandwidth services to the consumer. B
deplpooywer consumption, and the need to bond mor Odoaxial <cabl
technol ogi es.

ey Mar ket Drivers for PON Dep

There are two keyi markencerti verdi tddcti on of campéONi dephogpment
evolution and advancement of broadband technol ogies over cop
drivers will afafkd yntg tphreo ckescsi sinon he early stages of building
overempehdasiFi ber to the X meaning fiber deployed to a home, I
CompetiiTtoidmary 6s carriers are in an aggressive race to maintain
hi ghest possible markehatshtahese TWeo fpacovireemaanksi ber infrastr.
wi || ultimately win this race. Although broadbaerdompgtess del
with fiber technopegeecsndn uvletr mphoédl ettlsancems devel oped to i
modem t hroughput wil!/l not be able to contend with fiber opti
being deployed today for business and 5G depl oyment s. Furthe
technol ogies are already working on the next two generations
standards. It is unlikely that any investment in | egacy broa
competitive technology race.
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l ocal exchange carriers (ILECs) and multiple servic:¢

and existing embedded ochergopdesr (iFNTfTrNafsitdrreurghttl@dxdi n a f i ber
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tion. Sma, |reawewerv,i cneu sptr oeviitdheerrs enj oy a monopoly as t
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w o
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ns, run the risk of being competitively obsolete. Co
and the continued existence ofonsacmersserucitdexgprtdwi dé
that best meets the demands of current and potenti al

ness Case

ngaging in a broadband access deployment, a service
broadhkenmdnsnetfwdarhke ivml ue of existing infrastructure,
chnol ogies will deliver those services, and how to c
erage bandwi dt h cooasd Wielriattii eosa.son8 inkcel tuedses ittemeea such as
tion time frames, take rates (the percentage of home
ea), and network reconfigurabildcéybetswaerns.cdmiet 8lusi n
ures (CAPEX) and operational expenditures (OPEX) is
curred over the |ife of the netwdClO)ABawithnabhpthusi
e, TCO is a key calttceulnatpiroonf iitra bddtierymiorfi nag btrhoea dlboamgd
spend an inordinate amount of attention on the init
Hobwévestruleéeure | ayer of tHé&5eawnrgle.h®&speadi ngf umor
typically reduces OPEX over time. | mportant issues

ns commence.

take rate. The take Take Rate & Pricing an range

. ., .| Given the importance of
epending on competiti . for
S buisness case of any bro
a minimum of a 35%

a pOsheéei veadCO®Or s infl furthe.r T’“”" should be
. communities to understa

household demographi d . . nd
required to drive adopt

demographics. Additiona
factors are slowingpado

including whether cultu

p research by the co

considering a PON deployment it should be acknowl edged
ef i ci asrpye eodf choingnhect i vity. A munafdibpab uiviedrf bo ecmamete icas o
icipal buil di nignsf,r apsatrdkuseni mainedi ead @edsyhehwor k connectivity,
datgai r egnmeeinttasl i ze comaerdc s athhpez bohogese,ah1 i ons andf maomplkee@ance
icipal systems
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8. Strateqgl es f or Br oadbe

Foll owing our analysis of the existing broadband glepl oyments
metro fiber deployments, we suggest the following options be
Term projects.

T SHORIeverage existing wired and owitrienlueesdd Qorefirdedt rawcctewsrse
di scounsttbszaedcde | | ul ant sgpatta nkeer shi ps

T MEDI UMtgment existing infrastructure with fast to i mpl eme
technol ogi esmmsnwihryamests addi tc ocommnau b iats ¥WHF i access Points
( WAPs)

T LONG TERM: Public Private partnership | everaging existin
expedite and incentivize private partners to develop ser
|l ower price tier t oortthuwnsiet iiensFrifecavd.Mefaltteeady asspppn i nfrastruc
volunteers or charitable organizations.

Short Ter m |/ | mmedi ate Soluti o

ShofTérm OpHotosnpoont&ul k Pur chasing

The fastest way to make an i mpact uicst attoe el aedvye raavga€liltajbel oef oi bnu stth e
Col umbuSservice providers and charitable organagashows have al
previously in this report by implementing subsidies and prog
funding and awareness of these programs, the number of house

i mmedi Angd lysicpt i ons for hotspotneedataecaphsubd saibgneihfeii vaarty | e
data plan to prevent data cap overages which wolunlfdo rcnaautsieonf ur
on some of these progroanmsowisngavLiainlkash:l e at t he

T Columbus Ci(hyt SehbbWwsw. ccs)oh. us/ Page/ 7661

1T PC&soPreopfitet ps: / / www. pdgsforpeople.oragl

T Mobile Beacon Bridi@ihgsthéw@Gapm¢BIT Getbhepsmpdn. or g/ bri dgi ng

T NE Ohio(NMotdelet hltawmcheédvuwy. wdbco. or g/

Some challenges associ at eiddiwzitnhg tohri so uatprpipgohatc hpouarhcehsatisbisni gt yh oits
administrative oveWhehd t hatwomhy bes atboh vheanviee nat sfeorrv iecxea npprioev i d
an agupgpemn diosrcosuubtis i @ ysubscr i beirtdswowilirdedsetstgei lciel Ipr ovi der t o ch
their billing syshamges Uinf oa tpmaviedgr, 6s backentpbemenhgdsyst e
These billing systemsd arieedhitgohlInyu Ictoinppllee opleu e i tagl | atycit y msh a
bal ances. A projempxprosdeadwhceepkbhedeeed viech these | ower rates
systceamm expecuraaltemedand perlhapnsgnaenssunowni t he service provide
at direction. I nstead, itadmi advisedi vhaovarmppmeydhegotf ombba b
rvice and eq.uiMmeertnaitpi e osmgpr oac helss ¢ haati e s eikn d wr rreed mbas tss
kely not a tenable approach at scale as some househol ds ma
bsequent rei mbursement.

n —un -
Cc —T o =

Medi um Term Sol uti ons

Temporary pri ciurbg idloazmyg oarsgiadr emeac hanmeme the needle on intern
without waiting to &dmnuew ionf haetarkku gtr wruen db winl dou't . However, the
short ter m, itr.i aMedi uny ptee rsmo | sudli wtniso n's osrtmuwnli ¢ yp rtwiv iclbenunee cway f
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relying on subsiedi zeqdui plmeemsg .o T hleo dm s tdeptl owane ntt a d d att h imd nii ani w
requintedastructure build out. The two following sogutions r el
i nt elronceatt i ons at community centers as well as |l everaging wire

Medi Omr m OpMumninc:i pal and NeRighbor hooc

ProvidinBi faeeuWd public areashbpgenbi belalt@ewsstcpdektss tamddo t

homewor k cl osertodalhhtoomee ck t heir email, W-Fi epanvappbyyfbenafj c
byassiinegi ti zessomams eor extendbetl paweevent hgesf fasmctt oaseowmi may

spend more time in commerc-Fali shopi-Fnodueedalss bacesé&d to co
with citizens by populWFingethweckawdt hgt hbaggsolfiidtei mgsadfenda
| ocal restaurants, and |ists of things to do in the city.

Conceptually there is a framework for providing access to th
effortergédancizayions such as the Collumbua Wetalopbibitapk b iba iay (
patrons. Ef forts | i ke thiusodfsatnh ébed ielbatriemyd ence rpad tt yt pe operty to
Wi reless Access Points serving concentri cealslsy alnadr g enrf rarsd a su cft
There is existing precedent across Wmerica for Neighborhood
It may be helpful to prioritize areas that have the greatest
|l ocation of pulklsi ¢ hfagacihlaivtei exi et i m@gr i nternet access. These a
with the | east Exampdi escoifon heset high priority areas could in

1 Nei ghborhood parks

1 Athletic fields

1 Community centers

1 Commerci al areastwitam heavyipedes

Anot her potential 4 acget housebdtdsmngiutdewd oWis sy o teveitshyi n
publ i c piroajsémntgs r aTleigy repr esendst as ogilddhtditno naewhy glhew dAensity en
muncipal or | eased fiber connection could be | everag-edpasseh
cl aWi€i depl oyment sdigstarl isb uthireoghgehlosieth ol ds. A wireless survey \
conducted to proper| ysudietsaibglne tlhoec anteitowosr kf coarndt he core net wor k
identified.

For other pshbhigteaoeasooa wireless accessfpoti&@P tan7bypicall
devices and seowughéay 800afertasfsruoen ntgheamanktiemeaott esinght servic
already present at therbwcdingnantdthensthél cogt aokingle outdo
be budgeted i 850thoy A0Dn glee pefnd$ ng o tctsahpea cssotl pultkieo nc oasntd per acces
point thereafter is dr amfadtDioc $IpOY Ore dasedleomemdiorug hdry tsHe | oc al

conditions such as mounting type, avai |Laobwelri tcyo sotf onpettiwoonrsk acroe
avail able however they wsédvilaekmgtrrninud anan g pmévd&dmiga lolfy amay
service |ife as more robust solutions.

Whil e AECOM bel-Fevesrai teewi WI prove very beneficial, it is

bridging theThdei gnietead tdoi vtirdeev.el afccemsh d lhe oine t dved eorottest i al of |
weat her for oust doiokrelvye ntuoe sr e du cFei trahpepcehf ftioc eba y aafb atnhde aWices si bi

MedidOmr m OpGQGonommuni ty Wi reless Mesh

NYC Mesh provides a framework for whatld komkuhi kg. | Ad oegani

citizens organized around a core team of technical | eads and
or City resources following the below steps to pilot wireles
1. ldentify piloe¢rihubchloctai gats ameas. Pilot hub | ocations

a. close proximity to areas with poor broadband adopti o
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b. have access to an outdoor elevated mounting | ocation
average surragwnding buil din

c. have access to-spredaxiestnieng cloingnlect i on

ldentify pilot subscriber node | ocations. Nei ghborhood s
criteria:

a. Have |line of site to the pilot hub |l ocation
b. Have access sobsbei beonfnode | ocation
Foll owing successful deployment of a smal/l number of pilot h
growing the mesh and providing addi spehdbs Sopprbé&lodecabedtio
conti nuneg girhcewicommuni ttyhwo wu.ghpsts mesh
There are existing momeslhs afpenr otalke ihs Me stinhupdindMgiydNeY G2 f r amewor k f ¢
a community |l ed mesh network effort could | ookré¢itkeamAnf or ga
technical |l eads and supported by community charitable organi
to pilot wireless mesh coverage:
1. ldentify pilot hub |l ocations in criticabwtaggeti aeerena: P
a. close proximity to areas with poor broadband adopti o
b. have access to an outdoor elevated mounting | ocation
average surrounding buildings
c. have access to-spreaxiestnieng cloingilect i on
2. Il e i fy pilot subscriber node | ocations. Neighborhood sub
criteria:
a. Have line of site to the pilot hub |l ocation
b. Have access to the roof or subscriber node | ocation
Examples of other mesh omuettwor k nerl aujdeect s i n t he
T Minneapolis wirel:dhstst p:n/t/ewwwve.tminnentewaoprlokl i smn. gov/ wir e
T NYC Méshps:// www)nycmesh. net/
T Red Hod¢WKhWips://redhookwifi.orgl
1T PersonathtTelsowd képedi a. org/ wi ki/ Personal Tel co
T Seattle WMitrpsdebkben. wi kipedia)org/ wiki/ Seattl e_Wirel
T West Virgini(entBrpssadbemd wi ki pedi a. or gll omitgkti h West Vi r ¢
Solutions
Long Ter mPQ@ptRiranv.at e Partner ships
The challenges facswmgi €9l umbusafimordabl e broadband access is
not Mawy communities across the country arewhengagiubgi di zgdek
broadband acsceéesgiteey lhhaverprovem®nleeappswachsdshalt has wor ked f
organizatio-psi vata paRM)er ssthiPpPPcios | appiradali lon det ween | ocal ¢
pri watcd or businesses such as atboofaidbeamnlkp SEhveir dee &, r o 1 Vhir ceeer ,momn
for how s tPyPFRicadctd yr ed:
Private investmant!| wt Bhipodbpprodch to a PPP is characterized
the pri mar yoni nwesrtanse meu cptubrl é cwistehc ttor ent ity pr qgvilaismsge ng wmnigdan
admi ni strative and amwWroeamamumnr ataitd otmurwd € hs homeowner s.
Prepared for: The Columbus Foundation AECOM
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Private execution wThihs pméde@lcr Eandi agbstanti abuamabhowsffpuoub
the private sector company to perTfhdrsm atplpe oiarcfhrogyetsrsiemtad rt éh eb u i
compl exities of a delpd otylme nmo atndatitsr ddtkieweg ttow service provi de

Shared invest md@mi oamd vioihsvlmsr e col |l aborative approach to PPP®
sector comppupl aodsebeor orgahuameipabl peyevtamaitcbuosr elheement s of
partnership incl udionpge rcaatpiingalc asntvee,sctomseirdttseenvenues.

Exampl es:

T City of Westmi(nster// Mawyblanpdhmag. com/ Muni Portal /)Edi torsCh:

T Bl and Counthyi,t pWsi:r/glivaviva t hecar r ol | nreexwsa. nedor no/ andeswasn/ dbifc/es / car r o
county

T Prince GeorCpe pElr,adRimiietce Geor ge [Ciotumg:y/,/ Whaw.yr)uamal {and. coo

An excel |l entf urrassteeudryc eo nf otrhipapeubjpeotduiceda by the National Tel e
I nf ormati on Adn)i nciasnt rbaet iaocnc e(sNsTeldA her e:
(htt psdbhabdoaa.ntia.doc.gov/ diitles/bddfuswl te/f ffielceé s hree pa)pbd ¢ & _pr i v

| f a -ppruibypaatce nesnshit@gyur sued, an evaluation of which PPP stru
AECOM recommends zahaobnawi 6hgawif fi ci entt rfaunlditnhge aenfdf car td epsu rrseu e
investment and risk model. This will present the | east risk
where the most rapid deployment could be achieved.

Longrm OpPONNnTechnol ogi es

As
Ac
s e
br
f o
da
wh
di
vV a

tated previously, a PON deplooyfmerctc epsrse steercthsa nti bsen mogt bfrwtal
rding to BroadBandNow.com, tihgpale Breadcdhhameénpd gviadenostd epl
ices Thi ¢$ hlei &t Sgrto wsnnold aundgeésqwaili icthi ehave some mi x of- net worKk
dinlg owther cofMfperatarenmaniyesarchitecRQN aletmeoarnks wipi occho nasltl
costs saving and fodofeay bchaltAse mepesdodmeds ipmeviiogtstl y, | ever
fiber networks will alklbow het wohé& seguapenginte grdcoe mest o

e it makes the mo®OtTsmuse.bénphbgaeoedaWwithheTRed XKOm K t he
ance is |lineampfeed ohdfudbefromothe cenTthriasl doifsftiacrec e oc anh
deperedicroghddnt itom ohet hekti béonodndf downstream fiber cuts
ae al fiber distribution ( a sdehpulndgye ifiemtmowtele p® | eesddnds tiheod g
ne hborhoods with as hnsguhsecdeepntsii btlye otfo tweeaetsher rel ated out ages
ti the impactihothitibgpenefwdrkBtribution riusn t(hate.mulrteippli &
u
a
o
o}
a

>S5 < 0w

3_'_‘_‘(/)(D_‘_‘QJ_‘O

oQ "< + = X

may reaul bssnof optical popnrteir c avih i lcihd gextc efealrs rt dTadcehrienfgo rseulsb s cr i &
inadvisable to distribute a PON net wdhrelseclconaito ointss dAptmioscal
underground f i baetlt tidmistbadbdugtiitoanl tihmatne mseirviealr edsiud ttrsi b wnt iaord ,ower
operati nal dests mongpali ranrecht s on theldoptsihoal ddibet miobh etdi do wre & te
in instances whebreegiansf ithoersunfeteworfkk om o ptgihceal phoumkege to pits scuise & ,h ¢
be installed at the OLT t&iilmmedeaese .this distance by a few

|l argest capital expendituresofsor farPONKodep! puawsred
simply the cosbefimecmrtriea Feomrviged tpmghddenéadwagmicmalofoht i c e
e hbmea service area. ltfdbes doopinhcl ude hbomeascoduatloes it
t
|

® T »w S

rminates he fiber Thte tcdosttesrd besfcriitbemeds haoseedo rafiges wi del
ol lowing |list represents factors which can influence the co

T The tyYpdeaf di stribution (e.g., aerial vs. underground)

f The accessibility eaf) deentlevofgikbse muphmet pal fiitly owned vs. | ease
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T The availabilitytoofhoeuxsiesttihneg cfeanctirlailt ioefsfi ce equi pment (e. g.
existing municipal I T equipment room fi®euthdenatewadr k oceqguwing m

T Thei kelihood of administratiinve bamd/ndadwga ¥ diied i ti fmirhjte o ve e plea@ay m
(e.g., a muoawa ipsad nmetnyg i tnteredrviinegwsf amtdd ok an installation cr e\
press)

1 Fiber installation | abor-uobosthsl| @bog), uni on | abor vs. non

The c@wstS. deplmaymeéemtes ef ore range bet ween $ 1b3a0sOe da nodn $ 30e0sOe paenr
other regpiecndlilcy faexpest SAEG@MCoubnb uwsi tChiitny jtahsee a beembeod eatnh

ot hat range 5atpebobom&hhodsnsgpsads sfeidgure takes into consideratio
Col umbusd municipal an&wtbmmonghegsotganbkbhabonatédaontpeoject
jurisdictions having aut-bfwaytyecveli oper mi § § i hegs\sa nsé inmnigg itthde i n
projTehcits. pod@gimagni tude €bgl d e obinmpt ab epdasrhti nnegy s i @

stakehol ders work together to redund eadmilnirstsroaitricvees W wr b sa
example, a municipality that owns their own, fanbderclneearwor k, p
speci fications on the designoame desmldoyxrmen td nreentald d daalli dogpi dcvwe 5
subcontract edAlftidreratiinsdlay wea . aekkedent maptowmirtme sg pecisfuir vaetyisor
seek approivpans,ter vafeayghgreemeagst i ane dark fiber connecti vit
net wo rukieleld to pass these costs on to the service provider.

In addi tdoxnt tof thepl oyi mgar PO&N hemeorikberhet i afli vhduasubsosi b
connection. Although am antraeti tdafti ars omdeywrn wdadlarngpe c¢comp
initial onboardi hpeobxpebsati barshould be an incremental tak
yearAss. previously stated, a take rate of 35% is a minimum met
those subscribers there awionnedte tahe onsh deriatbdre tcostthea oexi st
AECOM est i maotweisn gt hreo ufgohl lor der of magni tudesfor the subscriber

Tabéd. e ROM Cost for Subscriber Home Connecti on

Subscriber Home Connection Costs

Pre-connectorized, direct-bury, fiber drop: $ 100.00
Network Interface Device (NID) and misc. materials  $ 50.00
Optical Network Terminal* $ 120.00
Wi-Fi Broadband Router $ 110.00
Internal wiring materials $ 75.00

Labor $ 200.00
Total $ 655.00

*Optical Network Ter mindal sprroniiccei ng Et hernet

As noted above, the pricing reflects a depl oypnreonvti dwehserae t he
single Ethernet port for cTominse cwd wind tpr corbddyo aabm@Gicemteteiraug te r .
depl oyment mod¢élushemaw toh i nFiegraoteedr Wand ot meRF s\irdveioc eTsV such

connecttwn @ahdin old telephone (POTs) Ilines. The |l atter can
andidld accompregebdabygigehséesng, anidsotaervesBerrthieradpur poses o
this report, it i-enlexpearnmreedg didnaaetd a mys edtslea s eprtviiocnes woul d be tl
responsibility of the subscriber.

The finaldepdtotys nfgoma PON by otaeimalnide aicc etslse supsTheam core netw
complexities of how the access network integrategarwith the |
wi deld | eascerd foiiltebrue h oughr cba0p0alc ihtoymefso f or e aa thghl3edfOMayt ocost wup
$5000 per month depending oncossetrsvitcoe ilnetveerlc oangnreecetmetnot st haendi nt e

the purposes of this report, we will focus .oflhe ®L Tt canmptr o
si mpleypriced at an initial cost. As the network grows, the (¢
will gr Me wiith ittherefore propose a density pethepmostal card
prevalent teciBnoltoglyayi n Wehei Ul further aslslerbte tphradv iad enth nvaigtemt
custom billing platform. Thatusisng tihrev esrutbsrcy i haepgasb iwiiltli eose ofa
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platform itself with nd nnteeegd aftdro nc o nmptloe xbo &bbikl I&€ipndg oalvidn ge ROMs t e
pricing i s anceensttriantaoteef o fa stshoean ait reidt iwalt hdepl oyment | serving 50
does not include other networ k facagd srtdiloat e hteonted (cio.nen.e,cttitve
constructioanr e trsedtiemwh, cen dnafyi rad waelaldy exi st for other purpos

Tabb:e Centr al Of fice PON Equipment Costs (lnitial

Central Office Costs*

Optical Line Terminal Chassis and Power Systems $30,000

GPON Cards serving 5000 subscribers $ 376,000.00
GPON management system $ 60,000.00
Misc. Racks and interconnect components $ 165,000.00
Licensing and Maintenance Support $ 20,000.00
Labor $ 100,000.00

Total $ 751,000.00
*Does imatl ude i nternetoreommeaddlr sl ¢rgedsddlwakt s

As the PON network expands in the manlkgemenhe pil atfioalm wnVvésmn
incurred again. Labor cost shearr eprewdiucieaniarsg twimpHhiarn etsh ea nrda roa g e
already been compliethed.e fTolree froelplreweing aa s syec iodt adchewi t h adding
5000 substhebexsstbng PON networ k.

Tab6:e tCreal Of fice PON Equi pment Costs (Additional 5 K

Additonal Central Office Costs (+5000 Subscribers)

Optical Line Terminal Chassis and Power Systems $30,000

GPON Cards serving 5000 subscribers $ 376,000.00
Misc. Racks and interconnect components $ 165,000.00
Licensing and Maintenance Support $ 15,000.00
Labor $ 55,000.00

Total $ 641,000.00

I'n summary, by c epuapslsiendgd tfhaeptdishuobmseicsa h debhent r al of fiwe amdfiraestr
at the following ROM figure for this broadband access depl oy

Tabtv:.e ROM Cost for 10K Subscriber PON Sol uti on

PON Deployment for 10K Subscribers

Central Office Equipment serving 10K Subscribers $ 1,392,000.00
Costto install infrastructure for 10K Homes Passed @ $ 17,500,000.00
Cost per individual subscriber home $ 6,550,000.00

Total $ 25,442,000

Long Ter m5@tWiogre:!l ess Net wor ks

The question of how rapidly g5 eNeatlwobrrkosa dwialnld bsee rdve pcleo ydeed i fvoerr
cl elarer e has Heseoumetbn and misunderstandi ng arnodund etrhee alraet e ¢
indesedni ficant rollouts of 5G .Bontrmsthuofutéibeingrdeprageéedr

net wor k i nandhoet frnuetcuerse, bt heynext eighteen mont hs.

The technology is poised to provide significant i mprovements
platform for the Internet of Things (l10oT) and imxgedsed vi si
deviared sydtems | | Il i kebpt benoanfseuingerri fbircoeadtb and access when it
in service pr But daerhreonfeathw aurbki sq.u i-otno U ¢f rasa | wé YEseeltendom k br oadband
accenss | reby hewvguyckwWwiyl it heée mamd ebaG vseerryv ibcreosa df owrar i ety of s
Prepared for: The Columbus Foundation AECOM

41



Broadba

a
e
r
r
S
0

® OO - 9 O Y T D

O“ﬁ‘ﬁ'om—hg

p
v
c

woT 0w
® =~ T X O
oo — =

=
QJ_U'I('D(J'IU)U'IU'I_'U'IDDEZCTU'I

The
ass
ope

Tel
net
I CT
e me
end
gl o
unl
s ma

not
t o

The
con
in

nd Access in City of Columbus, Ohio The Columbus Foundation

is a change for the service pr ouibdduesri niensdsu s(tBr2yB )i nmmatrhkaett twhhei
ding the move to thiechrexitogy.nerTahte odne loifv emmoybiofe 5tG archit e
way consumers access business and public platforms, but
kets such as industri al automatame., Thkilemedcys omanseoB2B
new monetization models and a new set of revenue sources
e of integration for the thousands of el eatrr preircs odhavti aeand
fessional environments. And in an age when revenues from
idly declining, it is of paramount i mportance that servic
muneds profits. The traditional whoincshu nbeurn dolreosa dvboaincde ,a cvciedseso ,0

e
oming |l ess favorable to consumelrest lasvitcheegy amd tv miucee tsoe rivciuc

<

ice providers are therefora new kB2nBy naor keextp ainnd a dhdeiitri oonf ftec
ting mapkenheofubBuatrtdeplsan t hang assGgrnehsi ddie quatdel yvss
broadband ianc ctehses nneaarrk ette r m, icto noensl yw iatdhelreenses itrry bslainiadgfth i g
iutrabbalne centers across the U.S. Less kWe nadkd rsausbhsua b amy awieraesl
vice providers.

(7]

—h

technol ogies are characterized b ttribute
g )SG Benefits & Dr
lizes new spectrum3f 56GHz) 0 weé Hi gtepred

; 1
ti .
(28GHz and above), that beenef g Greater Devilggjes |
1

Ul tlroaw del ay

n re lower power g Lower power (3G, 4G0G,
y can deliver much mMot+—~——~mnrovogmpor——ran these
eit with a need for more and smaller antennas
Net wor k Functi owmar\ei rDeufalniezda tNeotnwo raknidn g9 DN e(cShonfo
ibility in network deployment and operations.
techniqgues such as edge c®mgutongetoboidetyver milli
new wireladesi nerwoekpiemhador manelesfofr specific types
for market sweghmead si mduetnrt iedlp miested ndaetoi osrnt roera nri enagl

t e cchannonlt cezgyrwattthieeer | i censed and unliceinseantechnol ogi
se environment .

further dri-mebthe cenVergenoa. oCohveeredence is both
ay ith, for example, SDN and NFV delivering capabiliti
cecss networ k withib5G tlheev earcacgeisrsg nfeitbwo r k .
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precise role of the telecoms (5G) operator in each of th
umption that the commerci al i zatrieosnpoonfs i5h@ liint yi nodfu setxriys tvienrgt
rataosrdt erlpiépgart ment s.

ecoms operatorsd enterprise service revenues are currentl
wor k connectivity. Enterprises also spend heavily on mobi
services budilHegs,prlewtentttsi sa s el atively small proportion
rgenceoowferlea@dwwi rel ess access ((LIPWRA)opechthol 9gars stuemppian
eavors to expand into theprlesliemtarjkwest barte tphers ec ecrutr rceefn trhoyb i
bally.

i ke previous generataodsmofemepectifitbewmihlihdpil BgG yaa nldu sdiGhess c a
rtphones and assumpti dmaveanmngendeirmrpliicf petARREcan be gener
be enough f-dro m@diirum HergmhorTthis i s because LTE and the p
LTE, will support the delivery of many of the services we

role of erheomobhnl propiding applications which, at some s
nectivity is also an issue. Many of the use cases that ha
robotics or drones, idrenobbmnll ¥ loiplelay or matefii aldi ae way of
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ecosystems where they have not traditionally had a role. And
providers of services, solutions and connected devices.

ThBG mar ket wetlmpwurcdouthe wir elaemgls sthagmk dti ciamtneway s . But for t
addressing broadband access in tlbungeaeonairdegmtd ridt srhaad s érei Iry
target for i mproecongsstshéi tbhaatngdomyn drheadhext 24 mont hs.

LonBer m OpGaOpn  Br oadband Net wor ks

IncreasingDps atelibpkCag to deliver broadb€@oQpsasaraen alterna
describedpracfiat nomsi ness wher e ttylpe wad kRsypmg s poft ka awt ial i ty (

democratic eotldkklcitshrer datoes, determine which service&Ge to provi
Ops are an excellent means to deploy broadband services beca
business can al so choosee tal odreg | gpays faorbewatienrf rlaisntersucarurt hr ough

Oneo®p net wor k tvhiatthihmsOlsitearted pilotCpmogleicdat éddrCobvpear apipr ®
(https:/ / www. co)yasbooldii@d mNbesfthoCeol.unilbluesy are targeting expansion
and ruralobafemnsbandd residential and business services.
https:// muninetwor ks .foirtyéd rchoiga e er-é¢ d tc @anosaodt suset e kn éodha o

MonroetelMé sismseicepit |l y engaged a partner to begin a FTTH depl
servihadeaos(// www. broadbandtechrepoalte actomat/pdgd B ek @fntitihc| e/ 141736
buil)dout
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Case St& dHreescedent

There are amaany prrojgect s, and o ragdadmriezsastDiinagn 4 ddeendiiconantderch ittd e s
across thManyawifomhese programs address topics of computer |
access and affordability of broadband technol ogies. Over 300
and support their own brbvadbagrthentcesesvptat b&popeams.

This report attempts to provide context to thdmsesgdimactussi on t
duplicate the other r esearFoH | efwiexgt nspldefrsotaddd amar lkaicrc® sgr o unp.r ov
projects across the United States.

Greenlight CommunWils nblad b&intdy of Wil son began their push f
2008 waansd hi ghly successfpdednaswteipéoyi ngcds gho rural consumers
(https://www.greenlight-pciciomg-beoatvélc@esd packages

EPB Chatt anEPB ai,es|l TeNntamidc dlel e c o mmuni coamnieadn sb yc a npeam@jiotgya . ofl tCha't
was t hfei ferr sanpitdiec nceittwor k t o depliotfyd be6 set wocks dberossccessf
hasot bedrnesponsi ble for anréwemeéaseb bacecrhaad gueeidphagr ect |y
responsi bl e f etrecaht djmabbcg mmigoyhergh such as Vol kswafgeap-AndoAman ok
store/inteynet#support

Addi tdoonalsabhdiutessulcrceadd upr oj ect s tihteenavfadhialbbd @ealonSel f Rel i an
websihte:ps: / / www. muni-3)etTWwhoe ksi.toe gdltsag si ncl udes an interactive
availabhethereé?/ wivw. muni net wgr ks. org/ communi tymap

Case SDCdgommunity Access Netw
CAN)

The DC Community Access Network-(DXIN) is a publicly funded and managed broadband prejaath connecs public
institutions acros&Vashington D.(GCANProvides affordable broadband access for schqaisnprofits, and community
anchor institutions ireconomically disadvantaged areas. This investmeptibsiic infrastructure helped the city upgrade
internet service in libraries, recreation centers, and senior centeas later served as digital literacy training sitBs5CAN is
100Ghps mtwork whichalso serves as a middle mile provideifering loal telecommunications companies wholesavices
so they can provide lowost broadband tdistrict residents and business&onsumers wishing to participate in @BNmust

be eligible for the Lifeline program or other public assistance programs suhk &ktional School Lunch Program, housing
assistance, Medicaid, SNAP, 8t Benefits. The cost for internet access starts at $9.95 per month and is in partnership with
multiple service providers such as Comcast, RCN, VerizonhaMlilderness Technodfy Alliance which provides refurbished
laptops at $75 each.

At A GlanceDGCAN
fLocatWasanhingt on,
fTechnol ogy:
1Si ze:
fOne TimetCalsl :
fMont hly Fee:

https://connect-.ntcemgmoet! aff ordabl e

Precedeé/retr-mont Community Broadhb

The eVermont Community Broadband Project helped rural town33 communitiesget connected to thénternet. eVermont
worked locally to ensuréhe best use of online resources to strengtheconomic developmentt was funded through
afederal progranfor Sustainable Broadband Adoption (SBA) aredrttatching support of local funders.
https://publicservice. veavnaoinltahbgiolvi/tcyont ent/ broadband
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Case Study: Co mAmuena d dueYrike 81E S H

w \ S 6EORGE.
Aura 2 ™ 2 MIRIAM

SARATOG,4
~ VILLAGE

A \—71 =3
KAREN™ \aNpREE » [ R > }ﬂ
\ : P >

&
TO INTERNET
EXCHANGE POINT

NYC Mesh is a communityvned network. This means that city residents take it upon themselves to maintain and grow the
network. The basis for this solution is a hybrid approach consistirsgpsEr nodes, Hubs, and Rooftop or Neighborhood Nodes.
A supemode is onea point where themesh network connects to or peer with an internet exchanggdHub is point where the
neighborhood Nodes can aggregate and access the Swyplers

Opportunity: The challenge for Community-Afliand Mesh Networks is getting access to rooftops for mounting the radios and
getting access to wired internet faupernodes. In the case of Columbus, any CommunitfiWi Mesh architecture would
greatly benefit from organizations volunteering to host the supedes and provide rooftop accefs the radios. From there,

the cost of the network is essentially the costloé radios. The model used by NYC Mesh involves multiple options for
connecting to the network including the most haraf§ option based around

At A Glance: NYC Mesh having a volunteer come out to tséte and installing a radio for the new
fLocatNew:Yor k / subscriber for the cost of $290 inding the ownership cost of the radio and the
fTechnoMW gyl ess labor for the installationBeyond this ongime cost to the subscriber (or a

1Si z@ver 470 Nodg Subsidizingagency), NYC Mesh asks for a monthly donation to help covesrthe

f0ne TimeCalsB290 to maintain the mesh network. The NYC Me§h askd20 monthly donation,

TMont hl ys 2Fe ed:on at although they will gladly accept larger donations to help offset the costs for other
subscribers.

TheCoverage The Architecture
4 NYC Mesh Map FAQ Docs Blog Support Donate Get 1 /(_\\\\
s Hub Hub s
i [ Mop | Sutelit P N

MANSATTAN

Jersey City.

519 471

Total Nodes Hubs

2
St

ipernodes

Resources on Community Networks hosted by NYC Mesh:
How to Start a Commwnrsi tty wNet werckiesh. net/ bl og/ how/
Case Study i n-FCatmmuxn:i/tywWi. nycmesh.net/ blog/ 700j]efferson/

Prepared for: The Columbus Foundation AECOM
45


https://www.nycmesh.net/blog/how/
https://www.nycmesh.net/blog/700jefferson/

Broadband Access in City of Columbus, Ohio The Columbus Foundation

PrecedChnitccagods Smart Communi ti

For the past esevidny yo#Haelshb actakgeodr oadaset of stratlkgigapsoiaddr.
broadband access but alasnod tahdeo pnteieodn foofr teedcuhcnaotlioogni Amonhg R&iprov
initiatives outl incedcsmrmetren pdai ttpdearpicg b mmuni ty | eadersandnd i nc
i nvestnmdretc hinol ogy centers-yieart peafmpkcas iofctk ailsa tnheod iteens souur se
that Chicago innovadresemdcdg adlvoxfabaa stvdyopro@lud giwd lalr ywii ¢ hs t o
success.

https://techplan. ci tsywonfnralriyd a dngs.ttorragt/ieag@eedc ut i v e
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9.Gl ossary of Ter ms

Access Network The method, circuit, or facilities used to enter a communications network. The service
provided by local exchange carriers or internet access providers, which connect subscribers to voice, video, or
internet services. The Access Network today is typieathyx of copper telephone wire, coaxial cable, and

fiber optic cable.

ARPL; Average revenue per udenit. A metric used by service providéo broadly quantify revenues in a
broadband access market. Itdsfined as the total revenue in a service addaded by the number of
subscribers.

CO (Central Office)The Central Office is where communications service providers terminate subscriber
access lines and locate switching and routing equipment that interconnects those lines. The CO may support
different types of service such as twisted pair copper telephone services or fibetbagtd services.

Backbone- The part of a service provider network used as the primary path for transporting traffic between
central office (CO) connections and higherespeonnections which serve long distance voice networks and
internet services.

Bandwidth- The throughput, or ability to move information through or from a communication device, system
or subsystem, and is usually measured in quantities of datageond such as kilobit, megabit, or gigabit. A
measure of the informatioftarrying capacity of a communications channel; range of usable frequencies that
can be carried by a system, corresponding to the difference between the lowest and highest

frequency gynal that can be carried by the channel.

Core Network
See backbone

Dark Fiber Fiberoptic cable which is not currently connected to active communications equipment. Service
providers, municipalities, and private companies may deploy fiber optic cable with an overbuild (i.e., spare
capacity) to avoid downstream capital expendituresdxpansion or repair. Often the dark strands of fiber

are monetized by leasing to individuals or companies who need to expand or install new connectivity.

Ethernet- A communications protocdbr connecting computer systems to form a network. Thessvoeks

can be architected to support a single location or campus as in a local area networlkls&Ne either
metropolitan area networks (MAN) or a wide area network (WAN). Ethernet is the most prevalent networking
protocol in use today.

FTTB Fiberto the Business is a fiber optic access network architecture serving businesses only and differs
from consumer fiber to the home offerings in terms of pricing, service level agreements, and maximum
speeds.

FTTG Fiber to the Curb/Cabinet is a fiber opéiccess network architecture where the service provider
extends fiber optic cables to pedestal orground fiber cabinets and converts the optical signals to electrical
circuits which can readily connect to homes or businesses using legacy twistedggiote cable or coaxial
cable.
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FTTN Fiber to the Node is a fiber optic access network architecture where the service provider extends fiber

optic cable to an existing broadband platform such as a VDSL cabinet located in a neighborhood or business

parkb ¢KA& ff2ga F2NI KAIKSNI aLISSRa a (GKS &adzaONRKROSNI
network.

FTTR Fiber to the Premises is a fiber optic access network architecture where the service provider extends
fiber to a single location with the premises of a business. It is then the responsibility of the business to
connect their networks to that service provider equipment.

FTTX Fiber to the "x" is a generic term for a fiber optic network architecture which can extend from a service
provider to any number of service offerings such as fiber to the home, business, curb, or node.

GPON; Gigabit Passive Optical Netwasken ITU standardizeBON technology characterized by a 2.5 Gbps
downstream throughput and 1.25 Gbppstream throughputSee PON

Headendc atelecommunicationgacility where @ MSO (Multiple Service Operator or CATV provider)
extends cable TV and internet services to subscriber locations.

Internet Protocol (IPX IP is a networking protocol for transmitting information from one network to another.
It is the primary protocol used for the internet.

ISP- Internet Service Provider

Last Mile- The last mile is the local access network that extends fronCigtral Office (CO) to the endser
subscriber. Also called the local loop network, it is traditionally copjsed however, fibebased networks
are rapidly replacing aging copper infrastructures.

Metro Fiber-¢ KS LIR2 NI A2y 2F | ninicEibdnd SetwhikiBhidHeRiéhts@ram thie $dntfald 2
office to other internet peering or wholesale internet provider network.

Middle Mile ¢ See Metro Fiber.

MDU/MTU - Multiple Dwelling Unit/Multiple Tenant Unita building with more than oneesidence or
business.

MSO- Multiple Systems Operatds a company that providesableor directbroadcast
satellitetelevisionsystems(i.e., CATV company)

OLTc Optical Line Terminal isiaaggregation device associated with a Passive Optical Ne{@egkPON). The

OLTigi e LIAOLFf & RSLIX28SR Ay GKS OSy lopticainetgorkithA OS 2 F | 0 NR
communicates with ONTs (See ONT) at the subscriber locatioceanskrvehousands of subscribers from

one location.

ONT- Optical Network Termina$ a network device associated with a Passive Optical Network (SeelPON)
typically residesdt 0 NB I RoF YR & dzo & O Nand corivamts thefoptivabsigaNdrainezd A y' S & a
ONRBI ROl YR &S Nawbrik(See DINIRAFArIBUS $&kide protocols including Ethernet-FiRF

Video, and plairold-telephoneservice (POTS)

PON- A Passive Optical Network (PON) is a type of broadband access system that distributes a single fiber
2LIGAO OlofS (2 adzoaAONAROSNI K2YSa 2NJ 6dzaiySaasSad ¢KS i
midspan of the network (between the centraffice and the subscriber) which combine the subscribers

signals in the upstream direction and split the aggregate signals from the service provider in the downstream
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direction. This forms a poifib-multi-point topology that reduces operational expensexl troubleshooting

complexity. Typically, the optical splitters in a PON will split a single fiber into 32 individual fibers which are

SFOK dzaSR 060& GKS &adzaONAROSNNRAE RSOAOS OFtfSR Fy 2LIAC
fromthea LIX A GG SNJ O2yySOita (2 |y 2LIWGAOFE fAYS GSNXNAYLFE 6h
network. A PON system utilizes a specific wavelength for downstream traffic and yet another separate

wavelength for upstream traffic.

Single Mode Fibeg (SMF)s a type of fiber optic cable that utilizes a single mode of light to transmit data
rather than sending light at predetermined time intervals to separate signals as is the case witmousti
fiber.

SONETSynchronous Optical Netwodds a protocol fo transmitting data over optical networks using time
and wave division multiplexing. It provides multiple optical line rates known as Optical Carrier (OC) signals
which can range from an @Cat 51.84 Mbps to a®C768at 39.813 Gbps.

Wavelength- A measue of the color of the light which is a function of the length between waves of light.
These lengths are typically measured in nanometers (nm) or micrometers (um).

Wavelength Division Multiplexing (WDM)A type of telecommunications transmission where lea€
several data streams are coordinated by two or more wavelengths of light.

XGSPON10Gt hb 00 KS d&- ¢ A& GsksITustantargizedoPdN ®diihology mharacterized
by a 10 Gbps downstreathroughput and either a 2.5 Gbps or 10 Gbps tgein throughput. See PON.
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| ndependents Fiber Network
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