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1 Executive Summary

The criticality of broadband to the life of Americans has never been more apparent. Even before
the Covid19 pandemic, broadband internet access had become foundational to economic
activity, political and civic engagement, education, healhe, and delivery of public services.

TheSate of New Mexico recognized this urgency and criticality more thdecade ago and has
taken steps since theto improve broadband in all areas of tl8ate; to support and facilitate
private-sector investment in broadbando ensure that schools and public safety facilities have
world class access to broadbgraehd to lay the groundwork for solving New Mex&aoural
broadband challenges comprehensively otrare.

Through a series of initiativeje Statehas substantiayl narrowed the broadband gap within its
borders. A few examplesNew Mexico dramatically improved connectivity to public schools
throughout theSate in a short period of time througthe efforts of thePublic Schools Facilities
Authority (PSFA) of thBulic SchoolCapital Outlay Council (PSC@@J local school districts.
The Department of Information TechnologolT)effectively leveraged federal public safety
broadband funding to pioneer new statewide public safety wireless capabil@ieslarly, New
Mexico companiefave successfully competed for extensive federal broadband funding, both
through recent programsuch ashe US 5 SLJF NI YSy (i 2 HeCdnaebdilygréntgndi dzNBS Q &
through the American Reinvestment and Recovery Act prograndecade agoThat flow of
federal dollars has substantially improvduioadband infrastructure ifTmany parts of New
Mexica

ThisBroadband Strategic Plan and Rural Broadband Assessmentl{Rilais)on that decade of

work by many state agencies and their private partreerd provides a framework for the coming
8SIENBQ STF2NI (G2 O2YLINBKSYyaAgSt e , @dudingasyal 6 S G K
means of combattinghe economicmpact of Coviell 9.

This Planwas commissioned by 2 L ©fficé of Broadband in 2019 and developed over the
course of late 2019 and early 2020. In the spring of 2020 Pthe was refined in light of the
Covid19 pandemic and its demonstration of the urgency and importance of broadband.

1.1 Summary of findings
The research, analysis, and engineering conducted in preparation of this Plan suggest the
following about broadbantin New Mexico:

1 For purposes of this project, DolT adopted the followdefjnitions of thesekeyterms:

ServedAn area or address $&rvedbybroadband if it can receive fixed, terrestrial internet access with transmission
speeds that, at a minimum, provide twentiye megabits per second (25 Mbps) download and three megabits per
second (3 Mbps) upload. Neither satellite nor mobile servicelmmonsidered broadband for purposes of this

1



1.1.1 Between 13 and 20 percent of New Mexic o locations do not have broadband

available
A conservativeanalysis ofState ISP, andlederal dataidentifies an estimatedl96,000locations
in New Mexicothat are unservedby broadband or 20 percen2 ¥ (G KS {dF G4§SQa I LI
940,000 homes and businesdgsferred to herein asdJnserved Model).? This model does not
count within thedefinition of broadband fixed wireless and copper phone line DSL technologies
because of their inherent technical limitatiofs

An analysis that uses broader, bestse assumptions about which locations are seinetiides

fixed wireless and DSlespite teir technical challenge@his model isreferred to herein as

Unserved Model 2). Thibestcase model suggesta lower number of unserved locations:

126,000 unserved locationsor 13 percent2 ¥ G KS { G 4SQ& I LIWINREAYL (S
businesses

Themethodology fordeveloping these models to determinmservedareasisdescribed in detail
in Sectior? below.

definition. This definition generally aligns with federal rulged H nmy . NI RolFyR 5SLX 228YSyi
Communications Commission, Feb. D1& https://www.fcc.gov/reportsresearch/reports/broadbaneprogress
reports/2018broadbanddeploymentreport (accessedeptemberl7, 2019).

Unserved:An area or address imservedby broadband if it cannot receive fixed, terrestrial internet access with
transmission speeds that, at a minimum, provide twefitee megabits per second (25 Mbps) download and three
megabits per second (3 Mbps) opd. Neither satellite nor mobile service can be considered broadband for
purposes of this definition. This definition generally aligns with federal rdled. The sources consulted in
developing these definitions are described and quatedppendix C

2To identify the relative magnitude of an initiative in which broadband service would be made available to every
home and business in the State, this Plan estimates the total number of unserved prerfisasuses those
numbers to develop cost estimatesrfdeploying fiber optics, fixed wireless, or a hybrid of the two technologies to
deliver broadband. Because there are no perfect maps or datasets of addresses that are served and unserved by
broadband, these estimates required analysis of a variety of dataces. The methodology for this analysis is
discussed in detail in Secti@below.

3Based on our experienceyireless and DSL networks frequendly not serveall premises in a claimedrea and,

even if designed to provide 25 Mbpswnload and 3 Mbps uploaskrvice, do not always do so consistently for all
customers.These technology limitations are described in detail in Se@idbelow.
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1.1.2 Rural broadband requires public funding

Unserved portions dlew Mexicdace the same challenges as other rural communttesttract
broadband infrastructure investmenBecause of thénigh capital costs per usersuch areas,
which are largelyural, struggleto attract privateinvestmentcapitalin infrastructure

Nationwide, even in the most affluent rural and semral areas from the horse farms around
Lexington, Kentucky, to the ski communities outside ofefssand Telluride, Colorado, to the
resort areas on the Chesapeake Bdlje economicssimply do not exist for rural broadband
deploymentabsent substantial government fundinghe private sector will not build costly
infrastructure to reach all homes and buossses inlow-density areas simply because the
potential return on investment is insufficient to justify the investmentis is not surprising. Nor
is it a value judgment. It is simply how private investment works

The same dynamics apply to virtually ateas of rural infrastructure developmenncluding
roads, highwayswater, electrigty, and other utilities In the case of broadband, the issues are
starker because broadband in the United States is traditionally thought of as an area of private
rather than public investment. The challenging economics result from the lack of density of
potential customers and, in many cases, the fact that homes are locdéedrom arterial roads

or on large parcels of land; long driveways or setbacks from the road greatly intheasest to
deploy infrastructure to thoséocations

To solve this, state, local, and federal governments can take steps to improve the economics of
broadband deploymentni areas where investment has been insufficibgtinvesting to make
broadband in those areas economically viable

This need for broadbancdapitalsubsidyas a critical part of addressing the rural broadband gap
is increasingly understood in Washington,CD and it forms the basis for many of the
recommendations in this Plan.

1.1.3 Federal funding programs have a mixed record of success in New Mexico

because of flaws in some programs
Despite the emerging bipartisan consensus in Washington regarding the needdtergsupport
F2NJ NHz2NF € o NRFROFYRYS GKS FTSRSNYIf 3I20SNYyYSyiQ:
mixedt and this has been apparent in New Mexiceéme federal program$ave had great
impact in comprehensively addressing identified neettee Erate program, for example, has
greatly narrowed the gap in broadband kew Mexicaschools, thus successfully using federal
Universal Service Fees to meet a critical needSimilarly, the American Reinvestment and
Recovery Act grant awards made substantiedaals with respect to deployment of fiber optics
in rural New Mexico by entities such as ENMR Plateau and Kit Carson Electric Cooperative.



Other programs have hddw impact relative to the enormous amount of funding allocated. This

is the case in part betise somefederal programs havesignificant flaws with respect to
LISNF2NXYIFyOS YSGONROaA YR aa20AFGSR SyF2NOSYSy
t KFaS LL FglFNRa (G2 aLINAROS OF LE O NNdn&hable a dzOK
limitations:

1. The funds have been awarded to suppomvlperformance networks. Through the CAF II,
the FCC provided six years of funding for services dfdsdownload/1 Mbps upload
aLJISSRa GKIG RAR y20 YSSG G4KS Cc/ /1 Qa 26y RST
2. The requirements have been limited to some but not all laoa in an area. As the FCC
KlIa AdaStT RSaAaONAOSR AGZ adKS RSLX2eYSyd a
not the FCC. Moreover, not every household that is located in an area where the service
provider is eligible for the support is guaranteadcessWhile service providers must
offer voice and broadband services to a required number of locations within the covered
I NBFaz GkKSe KIF@S (GKS FTtSEAoAfAGE ¥z OK2248
3. Funding was accepted and received by comparieat have failed to meet their
commensurate obligations. CenturyLink, for example, admits to missing its 2019
commitments for deployment under the Connect America Fund Il awards it received in
2015,both in New Mexico anth many other states, andow ako admits it will not meet
those commitments in 2020, purportedly because of the Gd@gpandemié.

1.1.4 New Mexico faces greater rural broadband challenges than its neighboring
states

New Mexico lagbehind its neighborstates with respect tobroadband optios available to

residents in part becausefewer providers semv tribal and rural areas. By one set of

measurements, New Mexico ranks behinits neighboring statesta42"® in the nation for

broadband coveragewith as much a22 percent of the population unserved.

4 https://www.fcc.gov/consumers/quides/connegtmericafund-phaseii-fags
5 https://www.fcc.gov/consumers/quides/connegtmericafund-phaseii-fags
6 https://arstechnica.com/techpolicy/2020/05/centurylinksslow-broadbanddeploymentgetsevenslowerin-

pandemic/
7 https://broadbandnow.com/
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Tablely bSé6 aSEAO2Q& . NBIFIROFIYR /2@0SNFX3IS FyR bliAzyl
Broadband Population Avera_ge Natlon_a!
Coverage Unserved Satewide Connegtmty
Seed (Mbps) Ranking
New Mexico 83 percent 22 percent 35 42
Arizona 89 percent 18 percent 56 34
Colorado 92 percent 10 percent 63.5 22
Texas 90 percent 14 percent 56 30
Utah 96 percent 8 percent 50 10
1.1.5 Rural broadband is particularly important in New Mexico given the agricultur e

and oil and gas industries
For New Mexico, with its extensive rural areas and important rural industries, broadband is
particularly important.Quality broadband connections alla¥e oil and gas industry to operate
more safely and efficiently than ever befer@nd enhanced broadband can enable esaving
measures without compromising safety.

Similarly, &rge ranches and farms require broadband for high end uses sugreassion
agriculture applications and robotic harvesterSnaller ranches andfarms need quality
broadband connections for many of the same reasons as other small business pwoleiding
direct salesmarketing and logistical managememtrofessional trainingand to provide their
families with healthcare, educationaland social opportunities

The importance of broadband for farrfsales and marketing efforts has never been as tlear
demonstratedas during the Cad-19crisis. As sales to restaurants have plummeted, demand for
local produce has explode@nd farms haveused broadband to develop new markets by
connecting directly to consumefs

1.1.6 New Mexicod O Gfd#dArAd programs have sometimes suffered from lack of

consistent funding and clear mandates
The State of New Mexico was an early actor in addressing broadband challenges, with DolT
beginning its earliest statewide broadband efforts in 2009 and 2G1fy federal fundsvaarded
under the American Reinvestment driRecovery ActDolT, however,has struggled to sustain
efforts initiated by the Office of Broadband (and its predecessor entities within Dayggly
because of lack of resources. Even with these challenges, the successes have been significant,

8 https://growingsmallfarms.ces.ncsu.edu/2020/04/registeow-for-april-webinaron-creatinga-free-online-

store-for-your-farm/
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and New Mexico has been a recipient of substantial federal funds to both public and private
entities.

Still,individual State initiatives have been hobbled by lackr@foingresources and support. The
clearestmajor exception is the effort by the Public Schoatiliges Authority (PSFA) to improve
broadband to New Mexico schools, an effort over the past five years that is universalymed
and that hagncreased bandwidtho almost every public school in the Statdile reducing per
unit costs

ltisnocoiA RSY OS GKI G t { GfunBal thdugF apprdpaatiopwielNiBiined S
through specific statutory chargeanddriven by & urgent need the requirementto prepare
schools for online testing associated with new federal education policy. The twin dafers
adequatefunding and imminent need combined with purposeful planning and execution
resulted in an exemplary outcome.

{2t dAy3 bSs as$sE rdzRalleags RillirégSindsimilAkBUstRiged sGpport in the
form of funding, as well as clear mandates and driving needs. The need to ntigadeecover
fromt the economic and public health ravages of Cel&dmay provide somef the impetus
required, evenas it puts a strain on resources

1.1.7 Permanently filling rural broadband gaps with fiber optics would cost between
$2 billion and $5 billion , while a mixed approach of both fiber and wireless
would cost less than $1 billion

An engineering model thdiuilds o the analysis of how manyremisesare served results in a

conclusion that bringing futurproof, fiber-basedbroadband to all of rural New Mexiauill cost

between $2 billion (under bestcase assumptionsand $5 billion (under less optimistic
assumptiony, as illustrated imable2.

The bestcasecost assumptions assume a buildout led by incumbent providers using existing
space on utility ptes and other cable pathways and resources in place. The less opticaistic
assumptions are based on providers who are not already located in thetetaouldconstruct

new infrastructure.

Of the{ G I GnSe?vadpremises approximately half areelatively closely clustered. These can
be connected over statef-the-art fiber optics at a cost between $300 million (using besde
assumptions) and $800 million, or an average of $3,800 to $9,300 per location.

Serving the full unserved population willquire serving not only those clustergdemisesbut
also other locations that are widely spreadt. For the most widely spreaout homes and
businessesn New Mexicq(i.e., in areas where there arao existing towerdor mounting fixed
wireless antenng), density is often so low that a fixed tower might only serve one or a few
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premises with broadband speetdsneaning thatthe cost of fixed wireleswould then approach
the usually highecost of fiber.

The cost of extending fiber optics fixed wirelessechnology Wwhere the latter isappropriate
from an engineering standpoipto the widely spreaebut areas is between $a billion (best
case assumptions) and $4.3 billion, or between $15,000 and $40,000 on average per location.

Table2: Summary ofEstimated Cost$o Deploy Broadbando Unserved Locations

Unserved| Density of | Number of | Total Cost by Total Cost
Model Locations Locations Density
Fiber to -
clustered 87,000 $332 ml_lll_onc
- $806million
Model 1 premises $1.9 billion
(196,000 | Fiber or fixed poh bi”iorf
unserved)| wireless to 109.000 $1.6 billiong '
widely spread ’ $4.3 billion
out premises
Fiber to -
clustered 50,000 $236 mll.llgnc
. $576 million
Model 2 premises $1.7 billion
(126,000 | Fiber or fixed o 3bi"ionc
unserved)| wireless to 26.000 $1.5 billiong '
widely spread ’ $3.7 billion
out premises

Fixed wireless technology is an option for delivery of services and, as discussection3.3
below, may be welbkuited to less dense areakixed wirelesshowewer, comeswith substantial
limitations in performance andlso has higheoperational and equipment replacement costs
than do fiber networks. A shorteterm interim solution that is focused on fixed wireless service
and that usesexistingwirelesstowers could cover approximately twihirds of the unserved
locationsfor an initial expenditure opproximately $500 million; however, this option would
require replacement of most of the equipment every five to seven years, increasing thedstal
considerably over time.

We recommend considering a hybrid appro&atifl) fiber to the premisei the relatively closely
clustered areaq2) fixed wireless outside those clusters on existing towers that can serve five or
more premises, an(B) addessinghe most widely sprea@ut areas in a future stage, potentially

using satellite or other emerging methods of broadband delivér A a

f1F0GSNJ OF (1S5

currently is so higli$15,000 to $40,000 pdocationon average)whether with fixed wiredss or



fiber infrastructure, that to be viable those locations will require enormous federal funding or
the emergence of a new technology innovation.

This recommendedybrid approach will cost between $3,200 and $8,200 per premises on
average for the sendgeaddresses andill serve approximately 50,000 to 87,000 premises with
fiber and 67,000 to 85,000 premises with fixed wireléissb{e3). It will reachapproximately 61
percentto 68 percentof the unserved premises in New Mexié@llowingimplementation of the
hybrid approach, all but 31,000 to 42,000 premifies.,all but 3percentto 4.5percentof New
Mexico premisepwould have access to 25/3 Mbpsrvice.

Table3: Summary of Estimated Costs for Hybrid Approach to Deploy Broadband to Unserved

Locations
Unserved Technology Numb(_ar of | Total Cost by Total Cost
Model Approach Locations Technology
Fiber to -
clustered 87,000 $330 m”.“(.)nc
i $800 million
premises
Model 1 let?)d\zglrlézlse > $490 milliong
(196,000 | ) iside 67,000 | PL55milliong $1 billion
unserved) : $185 million
clusters with
towers
Future 42,000 TBD
technology
Fiber to -
clustered 50,000 $240 m”.“(.)nc
i $580 million
premises
Model 2 letidevtvrlégs > $400 milliong
(126,000 outside 45000 | $L65millionc $780 million
unserved) . $200 million
clusters with
towers
Future 31,000 TBD
technology

The full engineering analysis and methodology are described in detail in S8dielaw.

1.2 Summary of r ecommendations
In brief summary, the Plan recommends the follogrin



1.2.1 Use a grant program to expand rural broadband and leverage federal funds

The State should continue to fund a New Mexico broadband infrastructure grant program, akin
to those that have enabled DolT and PSFA to effectively target funding to megodisy even if

this funding amount is modest in the near future given the financial challenges caused by the
Covid19 pandemic. These funds can provide mueleded leverage for accessing federal
broadband and other grant funding, enabling New Mexico to peta with other states for a
limited pot of federal funding.

In accordance with best practices, the grant program should:
1 Fund futureproof infrastructure that is scalable to meet future bandwidth needs

1 Require collaborations between logazficials and the full range of potential providers,
including electric utilities and neprofits;

1 Allow local authorities to leverage access to state funds in negotiations with existing and
potential new service providers

1 Position state programs to wosynergistically with federal funding opportunities so as
to leverage state funds to attract federal grants

1 Support local and regional efforts to put projects and applications together for state and
federal broadband funding opportunities

1 Engage small antiedium providers so as to encourage and broaden participatiod
1 Create a predictable flow of funding and develop a pipeline of potential applicants

This grant program is not intended to replace or overlap with the existing universal service
program adninistered by the Public Regulation Commission (PRC) but instead to complement
and support it. The PRC program holds a particular statutory mandate and is targeted toward a
select group of entities regulated by the PRC. The grant program recommended dwelck ve

more broadly available to a wide range of entities, including companies, localities, and electric
utilities. In addition, this program would be designed to serve as leverage to attract federal grants
(for example, by fulfilling match requirementsastrategy that New Mexico has very successfully
used in the past, including to attract federatdte funds to service New Mexico schobls.

9 As an illuation of this strategy, we understand that there is a pending effort for the State toamsexisting
appropriation for the Navajo Nation to provide five percent of a project cost to build hundreds of miles of fiber to
Navajo schools. If this pending plaomes to fruition, the State contribution of five percent will serve as leverage to
secure 95 percent funding from ther&te program.
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Importantly, gven the challenges with adequate standards and enforcement of federally
supported broadband network(described above)the State should take a different, more
rigorous approach with respect to all State funding for broadband: first, it should clearly establish
robust metrics for performance and customer support for all networks, regardless of teclynolog
and, second, it should require and verify that awardees have met those grant performance
metrics.

Detailed recommendations regarding a State broadband grant program, and alignment with
federal funding, are included in Secti@n

1.2.2 Perioritize fiber -basedrural solutions for longevity, impact, and long -term value

for money
To the extent feasible, the State should prioritize investment in fiber optic networksresaas
of ensuring the longerm benefits of the public investment. Fiber represeats infrastructure
asset with a lifetime of decades that is almost endlessly upgradeable and capable of supporting
any number of public or private sector communications iatitess and fiber is a critical
underlyingplatform for wireless networks

For a given expenditure in communications hardware, fiber optics can reliably carry many times

more capacity over many times greater distances than any other communications medium.
Indeed, A6 SNJ Ada 2yS 2F (GKS FSg (SOKy2f 23A9GNRAKES O
meaning that for the foreseeable futurgit will accommodate growing demand armitovide

customers with larger, better, and faster service offerings.

While construction of fiber is costly relative to wireless alternatives, the cost advantages of
wireless are reduced over time by higlamtenance costs anthe need for frequent equipment
replacement’?

The limitations of fixed wireless networks also arismnfrthe need for lineof sight between a
YySUg2N]l IyaSyyl FyR GKS SlidaALYSyd 4 GKS Odzi
(and cost) of connecting some customer locations, many fixed wireless companies throughout

the country simply decline to see customers who have challenging terrain or foliage, resulting

in a network that purports to be available to all but that still leaves a substantial percentage of

10 The capital costs for fiber are dominated primarily by construction labor and secondarily by outside plant
materials,with network electronics making up a relatively small portion. As a result, much of the cost is incurred at
the beginning of the project with electronics, with a replacement cycle of five to 10 years, representing a small
cost. By comparison, most of thevireless capital cost is in electronics and software, with some construction or
improvement of towers or antenna masts. Electronics have a lifetime of fi¢@ years. What this means is that, by
comparison with fiber, capital costs are incurred over lifetime of the project, and that comparable initial capital
cost of fiber and wireless will likely over time lead to a higher total cost of operations for the wireless network.
Section3 describeghe relative capitatostsof fiber and wirelessleployments
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locations without the prospect of service. This is a rational and reasonable decisiaxety fi
wireless companies, but it reduces the impact and reach of a public investment

One key metric in determining the cesffectiveness of fiber construction is the density of the
area under consideration. The number of homes and businesses per miladviay is typically

the most important factorin determining costFor that reason, me approach in technology
choice is to setlensitythresholdsfor fiber deploymentSomewhat higher density areas could be
prioritized for fiber deployment with wireless filling some gaps in the least dense areas based on
certain cost and densityneasures (see Secti@l.4).

1.2.3 Prioritize construction of new fiber and wireless networks over ongoing

support for legacy copper networks
The State should deprioritize funding for options that are centered around copper line DSL
technology.Copper cable is ubigtous throughoutNew Mexico but it is limited in bandwidth
capacity and futurggrowth by (1) the underlying physical properties of the medium gjithe
age and condition of the majority of the existing installed copper cable.

I Sy ( dzNefy-Higyihit@ade digital subscriber lin@/DS).servicescan deliver 25 Mbps over

a single pair of copper. However, theservices argfor the most part limited to portions of the
metropolitan areas of Albuquerque and Santa Fe Miltler to the noda i.e., fiber hat comes

within 3,000 feet of the custom&@ & f 2Mbkt @fNAwMexic®d 2 O0F GA2y a 2dziaai
will be served over copper cables that at68,000 to 20,000 fedbng. Given those distances, the

average available DSL download spedbbe 1.5Mbpsto 6 Mbps asmall fraction of the federal

definition of broadbandDSL technology will not be able to increase capacity far beyond those
speeds or consistently provide service across typical copper lines without substantial upgrades,
such as constructing fiber-to-the-curb or other costly reengineering and construction.
Furthermore, DSL technologies are more difficult and costly to maitiiaimnew networks

Given the high costs and low capabilities of these cofy@esed technologies, Stateinding
should be prioritized for more futurooking technologies wherever possible.

1.2.4 Include broadband considerations in all Covid-19 recovery planning

New Mexico should prioritize broadband in every element of its strategy and planning for Covid
19 recowery, in light of the critical role broadband has played in mitigating the impact of Covid
19 shutdowns and quarantingas well aghe essential continued role broadband will play in
enabling economic activity, learning, heatthre, and community suppoduring the challenging
months and years to come.

Much as broadband has proven critical to continued economic and educational life in the early
months of the pandemic through work from home, homéased business, and distance
learning it is likely to be a neessary element o€ovid1l9 recovery.Many workplaces and
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schools will not function the way they did before the panderaitd shifts that stagger person

and remote attendance will likely be the norm for some time to come. As a result, significant
amounts of economic and educational activity will continue to occur over the broadband internet
as economic and health recovery expands.

Given this continuing elevated role of broadbatitk issue should be prioritized and includied
every recovenoriented pragram for the foreseeable future. Furthethere should be
acceleratedprocurement around broadband projects and broadband grants in light of the
urgency of the neeslidentified, includingo get connectivity to studentand to enable economic
recovery Inthe Covid19 era, accelerated procurement has become the norm at both the state
and federal levels, reflecting the criticality of broadband to stabilization and regove

1.2.5 Support companies and communities with technical assistance

The State should provide support and technical assistance to qualified companigs;afits

and communities who are interested in broadband planning, ptfiicate collaboration, and
seeking federal broadband grant funds. Research done duhiagpreparation of this Plan
identified that there exist many qualified companies, tribal and local governments, and non
profits who do not work together on broadband planning because theynot have time or
resources to do sopand who do not apply for federal grembecause the burden is too great.
Through the Dol T Office of BroadbandetBtate can address this challenge by enabling qualified
applicants who lack resources or sophistication with planning and federal grant processes to
compete for federafunds

Giwen the Covid19 crisis, the critical necessity of broadband to support telework, economic
activity, education, and healtbare has never been more apparent. Further, broadband will be a
critical enabler of economic recovery in New Mexico in coming momnitsyaars.

For nearly a decadeDolT has engaged in extensive eff@tto improve the availability of
broadbandservices for as manyew Mexio residents and businesses as possibleseefforts
can be directed to simultaneousigcrease the amount of fedat funding entering the2ate to
build new broadband networksandto create broadbaneknabled employment opportunities.

Specificallythe Office of Broadbandhould be empowered to provideechnical assistance to
gualified companies, neprofits, and commaities who are seeking federal broadband grant
funds.

Office of Broadbandnvolvement in the process can help assure that ®@teQa & G NJ G S 32
objectives are prioritized. For example, New Mexico will benefit most if federal funds flow to New
Mexico compaiest rather than to companies headquartered out of statand are used for
construction here in New Mexico, helping with the economic recovery that will be necessary
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following the pandemic Further, DolT involvement will ensure that graaypplications are
targeted towards sustainable, high speed broadband sahstibvat cover as many New Mexicans
as possible that are currently unservéeg broadband, with technologies that can grow with
increaseduture needs in broadband speed.

1.2.6 Prepare now to leverage existing and future federal broadband funding

Whenitwasfun@ R Ay HAamMpZ GKS ! d{d 5SLI NIYSyd 2F | 3N
f2Fy LINRPINIY NBLINBaSydSR /2y3aNBaaQ fFNBEBSad |
deployment in a decade. ReConnect reflected a bipartisan understanding that the rural
broadband gap should be recognized as a national pridntgur view, that bipartisan agreement

has only grown since the Cov¥l® pandemic shifted much of American life to the interrasd

that bipartisan approachmay result in very substantial new broadlthfunding potentially

measured in the tens of millions of dollarg the next few years.

While we do not know what form (or multiple forms) federal funding is likely to take, New Mexico
shouldprepare now for tkat opportunity. As a result ahe Covid19 crisis, there is widespread
expectationin Washington, [T that federal funds will be mde available in multiple ways to
address a range of broadband neeg@stentially including

1 FRundingto createbroadbandconstruction jobs in the short term and an engifor job
growth (i.e., enabled by the new broadband services) in the long;term

1 Funding to promote economic recovery, which might inclirdeastructure and eneliser
funding targeted to particularly distressed communities; such funding would likely seek
to ensure that infrastructure is robust and expansive and can support connectivity to
businesses and homes for the sake of business continuity

1 Funding to close théhomework gap1 the struggle of some students to learn effectively
when theydo nothave internet at home which might be funneled through the existing
Erate programthat subsidizes connectivity to schools and librariiectly to schoolsor
in expanded ways to get broadband access closer to where studentatige

1 Funding to governmdas that develop infrastructure projects or other models to quickly
and efficiently enable broadband access or promote broadband adoption, particularly
among families with scho@ged children, elderly residents who may benefit from access
to telehealth, and other vulnerable populationssho would benefit from broadband
enabled services

For onetime stimulustype programs, the emphasis will likely be on projects wsthong
potential employment impadtand, potentially large footprints) and the ability tamp up quickly
with readyto-go projects. Since the emphasis is on invigorating local communities whose
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resources are depleted, we expect matching requirements for funding that is funneled through
existing grant programs to be either relaxed or absent.dxample, the $5 billion INnCARES Act
funding Congress added to th&conomic Development Administratigmmogram for ©vid-19
mitigation was implemented througland existing program, but the match requirements were
reduced from 50 percent in the prexising program to 20 percent for the CARES Act funds

To fully take advantage of such opportunitie® recommendhat the DolTOffice of Broadband
preparein a range of ways

1 Encourag companies and communities ttevelop broadband plarthat include specit
project concepts

1 Develop tools and strategies for pubpcdvate collaborationand

1 Develop middlemile concepts at a regional &ate level that can be leveraged for such
funds

AppendixAsummarizes the existing federal grant programs that may represent opportunities for
FRRNBaaAy3d GKS {dFG§SQa NXzNIhé FederBlEdmimonicafiths Y S SR 3
I 2YYA&aaArz2yQa wdzNIF £ S5AIAGEE  hLILIZ2 NUadeyeitfrinanC dzy R 6
vehicle for delivering broadband funding to rural areas.

1.2.7 Support anchor institutions, including libraries and health care facilities , to

plan collaboratively and aggregate demand
As part of its effort to connect all New Mexico businesses,tuigins, and residences to the
internet with robust bandwidth, we recommend that the State consider funding planning grants
for anchor institutions, includinibrary systemsnd health carentities, that are still struggling
to connect one or more of thelocations.This program would reflect the reality that these two
anchor segments libraries and healttcarer unfortunately lagbehindthe education segment
with respect to connectivity.

bSg aSEAO2Qa STFT2NIa G2 02y yéamously@iceessiulaThe @S NI
goal now is to achieve the same results for rural heedtie facilitieslibraries and other anchors

The purpose of the grants would be to enable broader strategic planning than is feasible from a
aAy At S peBpedtikelon® ahe grants would suppok 2 3 LIA G F & &8 8F N¥BRaQ STF
coordinate with other users of bandwidthincluding higher educatianto aggregate demand

and plan competitive processes designed to maxiraxsting infrastructure and increase carrier
investment ininfrastructure to support all stakeholder neeascluding those of the unconnected
librariesand rural healthcare facilities
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Another equally critical focus of thecommendedyrant effort is to enable libraries and hospitals
to coordinate wih other local and regional stakeholders and to plan for how they will use
connectivity and technology to support their users.

1.2.8 Elevate and fund the Office of Broadband

Ly 1SSLIAYy3 6A0GK 0Sad LINI OGAOSa ylraAazylrfttes Ay
the Office of Broadband should be elevated in status@mbsistentlyfunded on an ongoing basis

through appropriationswith appropriate statutory authority ad responsibility for broadband

matters, and with commensurate accountability requirements

The Office of Broadband should keecificallychargedand empowered to servas a single
coordinating entity for broadband throughout New Mexico, monitoring a@glarting on private
investment services, and infrastructurand managing many of the public investment programs
that are specifically focused on broadband. This change would reduce the inefficiencies of many
different State agencies undertaking uncoorai®d and overlapping efforts.

Consistent with best practices, the Office of Broadband should be able to sustain ongoing efforts

for geospatial data collection, technical assistance, engagementotiitr departments of New

Mexico government as well éscd and tribal governments, and coordination siate programs
andfederal grant applicationgesources of at least $1 million per year are required to support
appropriate staffing and progranBA Sy (KS &0 tS 2F bSé aSEAO2Q4
asthe urgency of broadband in the current economic and public health crisis.

The Office of Broadband already serves many of the relevant fundtbc$imited degreéut is
constrained by lack of resources and stature. Ideally, given sufficient resoticas expand and
enhance its current efforts in the following ways:

1. Coordinate public and private broadband efforts across the State, includinegte silos
amongstakeholdersrealize improved communications, and reduce inefficiencies among
effort, enabling steering dfinds (both State and federal) to the areas with the most need
andhighest potentiaimpact

2. Provideplanning and guidance to companies and localjtiasluding regarding how to
compete for federal grant funds

3. Provide input ad insight to other departments of New Mexico government regarlireg
role of broadband in economic development, lelegm economic recovery following the
Covid19 pandemichealth care policies related to telehealth servicasd educational
policies rehfited to distance learning
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4. Act as a clearinghouse foroadbandmappingand geospatialesourcegan area in which
New Mexico has been considered a national leader for more than a deaadsgrve as
a means to provide accurate, critical data regardingalband availability to federal
policyY { SNBA &2 & (2 Sy&adnNB bSs aSEAO2Q4
funding program&;

5. Failitate partnerships withother relevant departments and agenciassociated with
broadbandnfrastructure initiatives, including the PR@)e Department of Transportation
(DOT)andthe Economic Development Department (EPD)

6. Provide expert guidanaegarding permitting and other regulatory mattexsprivate and
public entities at all level@ncluding federal permitting authorities) to the extent those
matters impactbroadband deploymentand, relatedly,serve an ombudsman role within
State government to assist internet service providers to efficiently interact with the
appropriate authorites as necessarand

7. Provide expert analysis and insight to State authorities about issues that impact New
Mexico at the federal level. This could include analysis of how upcoming FCC changes to
its broadband data collection processes would impact funtiinigew Mexico

1.2.9 Develop a digital equity plan to complement this infrastructure Plan

Solving the broadband challenge in New Mexico will require attention to issues of digital literacy
and device access in addition to the broadband access and infrastrumbmsgderations that
clearly loom so large and that are the subject of this Plan.

As the Covidl9 crisis has laid bare, access to broadband service itself may not be sufficient to
fully bridge the digital divideThe remarkably high number of families wieck broadband at
hometr even where service is ostensibly availabiemonstrates that other factors preclude the
participation of some New Mexico families (most of them very low income) in the digital
economy, distance learning, and telehealth.

Digital inclision research is a new and emerging field, but most researchers agree that broadband
use disparities tend to result from a combination of three factors:

1. Lack of access to affordable broadband seryvice

2. Lack of access to usable, broadbammhbled devicesand

11 As is discussed in some detail in Sections 2 and 3 below, univelsatlgd federal data collection methodologies

hh S NBadzZ 6GSR Ay fI NBS LI NIH& 2F bSs aSEAO2 6SAy3a NB3II

of locations in those areas are entirely unserved.
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or valuable to the user

Indeed, given the scale of diennectedness in New Mexico, a critical set of questanses:
What level of service and equipmentfegs2 dzft R 6S | oF NNASNJ G2 (Kz2as$s
of broadband services? Are there affordability, credit, or other financial issues that reduce use of
broadband? Is lack of ease with computers and the internet interfering with the ability of families
to use broadband for basic life functions? And does the cost and complexity of owning a
broadbandenabled device, such as a laptop or tablet, reduce use of the internet?

Given the importance of these and other questions for strategic planning to enable at robus
broadband future, the State should direct the Office of Broadband to undertake research of the
full set of barriers and how they impact internet use among-ioeome and other New Mexicans,
preferablyby use of a methodology that will enable statistigadignificant conclusions about the
nature and scale of the problem.

Ideally, the following types of data would be collected to enable New Mexico to understand
digital challenges so as to develop an actionable plan to address those challenges:

1. Broadband adoption rates and patterns

2. Means by which community members access the internet (e.g., wireline and/or mobile)
and the reasons for that choice or outcome

3.3.'45S 2F ONRPIROIFIYR &adzoaiARé& LINRPAINI YA &adzOK I &
Essed Al fa> YR (GKS :C// Qa [AFSEAYS LINRINIY

4. Access to broadbandnabled devices, knowledge of how to use those devices, and
challenges with use (for example, viruses, maintenance costs, etc.)

5. .NRIFRolFYR af AGSNI O&z¢é¢ 2NJ OKI f ineyieiBwayss A (0 K |
that the user finds meaningful, useful, and saied

6. Need for training to develop knowledge of how to use the internet
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2 Understanding Where in Rural New Mexico Lacks Broadband

To identify the relative magnitude of an initiative in whistoadband service would be made
available to every home and business in the State, we first estimated the total number of
unserved premises.

There are no perfect maps or datasets when it comes to identifying areas that are served and
unserved by broadbah®? To get a handle on how many addresses are unserved requires
drawing boundaries around existing broadband infrastructure, which in turn requires accurate
and complete knowledge of that infrastructure. Internet service providers (ISP), however, are not
required to provide accurate network and infrastructure maps to the government, and the data
they provide to the Federal Communications Commission is notorious for representing vastly
exaggerated served areas.

Even when network maps are available, an aatiassessment of how many addresses are
unserved requires:

1 Verification of those maps

1 An understanding of what those maps mean (because not all broadband infrastructure
can be used to provide service drops to nearby addresses)

1 Knowledge of what exparmis are underway or plannednd
1 Accurate addrestevel data identifying locations for potential connectivity

An accuratepicture of how many addresses are unservberefore, requires analysis of a variety

of data sources to triangulate estimatesid adetermination of the strengths, weaknesses,
currency, authoritativeness, and accuracy of each data source. These numbers and locations are
in turn used to generate cost estimates for extending connectivity.

In order to determine a reasonable upper and lowange of unserved premises in the State, we
adopted two different setof assumptions regarding unserved ar¢ide complete methodology

is described in Sectiadh2.) In the more conservative approach to mapping unserved areas, we
eliminated technologies where there is less certainty that they deliver 25/3 Mbps speeds and full
coverage; in the less consetive approach to mappingve tightened the mapping conditions

by including those lessertain technologies and, further, assumed that areas where ISPs have

2The State has adopted a standard of 25 Mbps download and 3 Mbps upload (i.e., 25/3)isvhikhe with the
federal minimum speed benchmark for broadband.
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been awarded grants to build infrastructure under the federal Connect America'F@aF 11)
program will soon have at least 25Kbpsservice.

These lower and upper unserved mapping assumptions were then used to estimate the costs to
construct fiberto-the-premises (FTTP) infrastructure to deliver service to those premises
(Section3). These cost approaches focused on contigyuoeisitively dense areas that would
provide attractive targets for potential partners and could ceffectively reach a large number

of unserved residents. To enable more granular comparisons, we analyzed two different
construction approaches anfilirther distinguished between construction to homes that are
relatively clustered together and construction to reach more isolated premisesaudmsity
areas.

In addition, we usethe samemodek to estimate the cost of deploying fixed wireless broadband
service tathe StateQ & dzy & S NIJ(SdetiohJINE Y A a S a

2.1 Summary of analysis: Number of unserved premises

Ananalysis ofState ISP, anfederal dataidentified anestimated 196,000 unservédpremises
inNewMexic& 2NJ Hn LISNOSyid 2F GKS {dFd85Qa I|ThEINREAY
analysis, which we refer to d$nserved Modell, considers a home or business served if it is
capable of getting 25 Mbps downstream and 3 Mbps upstream from a wireline fiber or coaxial

cable connection. We eliminated fixed wireless providers emygber phone lineDSL from this

model®®

When we adopted the broader assumptions about which premises are considered unserved,
including fixed wireless and DSL, that tatiabpped to 126,0000r 13 percent2 ¥ G KS {1} G ¢
approximately 940,000 homes and busises(Unserved ModeR). In the strictermodel, we

assumed that areas funded und@AF Iwill fully serve all addresses in their greawarded

awarded areasand that fixed wireless and DSL service speeds reported-am 477are

13 The Federal Communications Commission awarded funding through an auction in 2018; winning bidders have six
8SIENB G2 FdzEf £ & 0O2Y LEoécsE Amerka/ Bud\NBa@sé Al 29t AutiénSMF &« C/ / =
https://www.fcc.gov/auction/903

¥ For purposes of this plannaarea or address is unserved with broadband if it cannot receive fixed, terrestrial

internet access with transmissiopeeds that, at a minimum, provide twenfive megabits per second (25 Mbps)

download and three megabits per second (3 Mbps) upload. Neither satellite nor mobile service can be considered
broadband for purposes of this definitoh.S RSFA Y SR ¢oad SINDD SiRES YaS YiepNd- Y RdzY (2 5h
Definitions of Broadband (Served, Unserved, and Underserved), October 4, 2019 (see appéaiiiggfinition

generally aligns with federal ruled SSwnmy . NRFRolkyR 5SLJ 28YSyid wSLR2NIZI¢
Commision, Feb. 2, 2108 https://www.fcc.gov/reportsresearch/reports/broadbaneprogressreports/2018
broadbanddeploymentreport (accessed&eptember 17, 2019).

1S Based on our experiencayireless and DSL networks frequendly not serveall premises in a claimearea and,

even if designed to provide 25 Mbpswnload and 3 Mbps uploaskrvice, do not always do so consistently for all
customers
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accurate As suchUnservel Model2 provides amorét 3 Sy S NP dza €
servical areas leading to a lower number of unservedemises.
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Within each model, we further distinguished among unserved premises that are clustered (and

thus relatively morecosteffective to serve) and premises in lowaensity areas that would

require more extensive constructioiigble4).

Examples of unserved areas in clusters includest/Zeini to Black Rock, Southeast Chama to
TierraAmarilla, and Soutksreater Tucumcari. Lodensity areas are those outside the clusters
0S 3INERAzZLISR
ranches fall into the lovdensity areas. The lodensity areas are described in more detail in
Section2.2and shown irFigure2.

where premises lack the pef A £ S

RSyaarde 02

Table4: Numbers of Unserved Premisedifserved Modell andUnserved ModeR)

Unserved . Low-Density Total
ClusteredPremises i
Model Premises Unserved
1 87,000 109,000 196,000
2 50,000 76,000 126,000
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Figure2: Served and Unserved Areddriserved Modell andUnserved ModeR)
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2.2 Mapping unserved premises

At the direction of DOITCTC worked extensively with tligarth Data Analysis Center (EDAC) at

the University of NewMexico b capture and map multiple sources of data to determine how
many homes and businesses were unservidte central source of information for determining
service was an analysis performed by EDAC primarily using service information provided by the
seavice providers. In addition, a variety of State and federal data sources, were leveraged, along
with CTC analysis of technologies, their patterns of expansion, and likely speed ranges. To create
usable upper and lower bounds for a cost range, mapping fudbker refined with a set of
different assumptions fonserved Model andUnserved ModeP.

2.2.1 Methodology for identifying unserved premises

Identifying unserved premises requires knowing where there are address pbéams, where

there is broadband infrasucture adjoining the address. Our methodology included extensive
analysis of multiple data sources and a desk and field surveys of areas to confirm assumptions
about service availability and assumptions about construction costs for new infrastructure.

DAT provided a database of address points, including prenos@&vajo Nation, Pueblos, and
Tribal landsFor almost all areas, DOIT had current address points from local wireless Enhanced
911 (E911) reporting’. DOIT provided address data separately faz tlavajo Nation at a later
stage of our analysis.

To analyze existing broadband infrastructure, we first evaluatedititabase otoverage areas
provided by EDAC. The database includes data reported by most ISPs operating in thEnState
EDACdatabase is updated {zsinnually*® and includes service areas and broad categories of
technology, such as fiber (ségure 3), cable, and DSL, but not service speeds.

18 Address points are latitude and longitude of residential and business premises.

Ydapmm FYR 9dpmm { SNBPAOS&Z¢ C StRS/Mw.fecclg@feYietalR-Oanded02-£8 / 2 Y YA
serviceqaccessed June 3, 2020).

18 https://edac.unm.edu/nmbb/(accessed June 3, 2020).
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FHgure 3: Example EDAC Map: Areas Served by Fiber Optic Broadband Services

EDAC-Reported Fiber
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(Appendix D containghe table of data used for each I$P.5 ! /2@ & dataset had fewer

providers reporting data than the 204@ported data, so w worked withthe Stateto request

that ISPs update their 2019 data

As an added check, we compared EDAC data to data collected by the Federal Communications
Commission (FCChhe FCC collects data from ISPs nationwide on their service territories by
census blockincluding not just coverage (like EDAC) but also speedudmigéshnology, such as
advanced DSL that can provide 25/3 Mbps servibe data are selfeported on Form 47 (see

Hgure4, below).

The main limitation of the Forrd77 data is that it typically exaggerates actual coverage
because ibne subscribecan beserved ina censuslock, theservice provider can declare the
entire block is servedAnd that is the case even if the service provider does not actually deliver
service to that subscriber.) To seek to ameliorate this overreporting, we merged Form 477 and
EDAC data to identify areas for further analysis, including locations where coverage data
appeared suspect or wildly inconsistent (§&gure5, below).

We also overlaid these maps on population density heatmaps Kepee6, below),using the
address data supplied. Looking at existing infrastructure and technology allowed our engineers
to predict where expansions would be likely, and therefore where more recent service coverage
claims could be realistic or require further inquiry.

19 For mapping of unserved/served, we focused on 25/3 to retleetStateand FC adopted lower benchmark for

broadband spee®ther mapping was produced for grant eligibility which adopts a variety of restrictions, including
YFEAYFE &aLSSRa ft26l6tS F2N) AN yG St AIAOAtAGED® C2NJ SEI
as its lower eligibility requirement, while still mandating that applicants offer at least 25/3 for their proposed

service areas.
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FHgure 4: Form 477 Data Showing Greater Than 25/3 Broadband Service

Form 477 25/3+ Mbps Service
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Figure5: Example Overlay Map Analysis: Comparing Form 477 Coverage Claims Against EDAC Data

EDAC-Reported Cable
EDAC-Reported Fiber
Form 477 Overstated 25/3+ Mbps Service
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Figure6: OverlayMap Analysis: Comparing Form 477 Coverage Claims, EDAC Data, and Density

B ropulated Area
Form 477 25/3+ Mbps Service
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Lastly, we examined other federal databases that showed either eligibility under different grant
programs (i.e., areas deemed to be unserved for purposes of those programs)tmriscehere
recent funding has been awarded (i.e., areas deemed to be unserved, and that the federal
government has awarded funding to an entity that proposes to construct new infrastructure over
some period of time). For example, the U.S. Department ofcAlgure (USDA and the FCC
provide data orwhich entities haveequesed funding under CAF (and with what technology),
while USDA provides similar data on rec®#Connecawards The FCC also provides data on
provisionally eligible areas for the RuRigital Opportunity Fund (RDOF) progr&f\Ve discuss

the federal grant programs in detail later in this report.)

The recent award information was used to ascertain locations where future expansion has been
funded, while the eligibility data were used stty to map any inconsistencies with the Form 477
data. Where inconsistencies were found, we performed further analysis.

Fixed wireless service areas were analyzed separately. Fixed wireline deployments depend on
cables, which can be seen. Identifyingébxwvireless service availability is more complex. ISPs will
often report bestcase scenarios that are highly unrealistic. Without a granular understanding of
topology, tower locations, antenna mounting heights, and the fixed wireless technology used by
an ISP, verification can best be achieved witHighd and irhome testing. While it is certainly
possible to make some reasonable assumptions based on known deployment dates and grant
information regarding promised speeds (which will allow engineers to makin inferences
regarding the available technology of the time and likelihood that it would meet the 25/3
threshold), we instead adopted twmodelsin which fixed wireless claimed at 25/3 would be
included for onemodeland excluded for another.

Engireering analysis of the mapped layer revealed areas of interest to be pursued through an
extensive desk survey (i.e., an analysis of available infrastructure identified in publicly available
databases of streetevel and aerial photography). In particulare were told anecdotally that

there were coaxial cables in areas that EDAC and the FCC claimed were unserved. Based on
further research, we believe this discrepancy is likely due to those providers only delivering cable
television over their coaxial cablesnd not broadband.

As a final step in our analysis, we identified areas for a field survey based on analysis of the desk
survey data. The field survey (see Sec8dnl) was intended as a way to spciheck and confirm

that mapping of existing infrastructure was consistent with field evidence, and to develop
assumptions regarding the general state of poles, soil, and other parameters used to generate
cost estimates

2041 dzOGA2Y dnn LYy A hkps:Awwe. edgaviepdriSreseaNiBrhagstadctio®D4/prEliminary:
eligibleareas/(accessed June 3, 2020).

29


https://www.fcc.gov/reports-research/maps/auction-904-preliminary-eligible-areas/
https://www.fcc.gov/reports-research/maps/auction-904-preliminary-eligible-areas/

New MexicoBroadbandStrategic Plaf June2020

Figure7: Field Survey/Sampling Map

New Maexico
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2.2.2 Mapping the two models for unserved: Lower and upper bounds for unserved
premises

For the more expansividnserved Model assumptions, weonsider a home or business served

if it is capable of getting 25 Mbps downstream and 3 Mbps upstreamvicefrom a wireline fiber

or coaxial cable connection. We eliminated fixed wireless providers and DSL fronotigk This

model results in the highe estimate of unserved homes and businessestive Stata and

therefore the higher cost estimater filling the gaps

The map for Unserved Modell is illustrated inFigure8 (below) We countedapproximately
196,000 unserved homes and businest@sUnserved Model. This is approximately 20 percent
of the homes and businesses in the State.

The seconanodelreduces the number of unservedhodifying Unserved Model byincluding
 CAF lauctionwinner®d a4 SNIBWA OS | NBFa | 321pSAy3 aSNBSR ¢

1 Areas identified by EDAC as having fixed wireless service that are identified in Form 477
as being 25/3 Mbps or faster

1 Areas with DSL service that are identified in Form 477 or in other e®ahaving 25/3
Mbps speeds

The CAF Il areas would then be assumed to be seAsadl reliance on Form 477 generated a

Y2NBE 3ISYSNRdza | OOSLIiIl yOS 27T AL2dASnNdrva8dSModeR | A Ya
providesa more conservative assumption of areas that qualify as unseteading to a lower

number of unservedpremises and a lover build costfor filling the gaps In other words,

Unserved Model 2dds in areas where providers have committedbtald, and are in the process

of deployingin their grantawarded areasbut have notnecessarily completed buildingnd
includesprovider-claimed coverage of fixedireless and DSL service

A map showing the unserved areas undémserved ModeP is illustrated inFigure9 (below)
There are approximatg 126,000 unserved homes and businessedJitserved ModePR, or 13
percent of the homes and businesses in the State

Figurel0 (below)shows howUnserved ModeP expanls the number of homes and businesses
that are served. With amaller unservedrea, Unserved ModeP will have alower costfor
constructingrFTTP.
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Figure8: Unserved Modell Areas
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Figure9: Unserved ModePR Areas
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FigurelO: Unserved ModeR Has a Greater Served Area THanserved Modell
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2.2.3 Mapping priority unserved areas: Areas primed for fiber -to-the -premises

We thenanalyzedGlSdatato develop a density mafseeFigurell, below) to determine where
groups of unserved homes and businesaesclustered together. Given theside geographic
distribution of unserved New Mexicans, the purpose of seeking clusiéngremiseswas to
identify areasthat could be most coseffectively addressed. Taken together, the clugtidrareas
comprise close to half dhe State€) &  dzy Erédniédsit éachmodel

Clustered groups of homes are the most attractive and-effeictive areas for providers to offer
new or expanded servic&heseareas are often outside cities and towns that have ser{arel
thuswhere existing providersiightexpand theirexisting infratructure).

In Unserved Model, we identified 86 clustered areas that contain 87,000, or 44 percent of that
Y 2 R SI96DEO unserved homes and businessesFigurel2, below).

Unserved ModePR has 60 clustered areas that contain 50,000, or 40 percent of YratR St Q a
126,000 unserved premiseseeFigurel3, below).
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Figurell: Address Point Density Heatmap
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Figurel2: Clustered Premises idnserved Modell
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Figurel3: Clustered Premises idnserved ModePR
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3 Cost Estimate for Expanding Access to Broadband in Unserved New
Mexico

We created two modeldor estimating the cost to construct fibg¢o-the-premises (FTTP) to
servél(iKS {GFGSQa OdaNNByi(feée dzyASNISR LINBYAASAI N

1 The highcost modelassumes a entity, most likely a new providecpnstructsa wholly
new FTThetwork entirely underground.

1 The lowcost modelassumes an incumbent provider constructs RTIEReragingits
existing assets such as fiber, conduit, andagole attachment$o reduce the amount
of new construction required

In Unserved Modéel, building FTTP to serve ti8&,000 unserved homes and businestes are
clustered wouldcost 832 million to $8806 million, or $3,820 to $,270per passing Sening the
109,000 unserved homes and businesses outsitihoseclusterswould cost$1 .6 billion to $4.3
billion, or $15,520 to $39,260 per passing

In Unserved Mode?, building FTTP to serve the,B00 unservediomes and businesses that are
clustered wouldcost an estimated$236 million to $5/6 million, or $4,750 to $11,600 per
premises?? Serving the76,000 premisesoutside theclusters would cos$1.5 billion to $3.7
billion, or $19,780 to $48,790 per passififeeTableb.)

21 For purposes of this plan, @mea or address is served with broadband if it can receive fixed, terrestrial internet
access withransmission speeds that, at a minimum, provide twefitye megabits per second (25 Mbps)

download and three megabits per second (3 Mbps) upload. Neither satellite nor mobile service can be considered
broadband for purposes of this definitiomhis exclu®n is consistent with the FCC definition and is because of
limitations of those technologies, including the likelihood that the service limits the data that can be used by the
subscriber each month or meters the data amount

22The cost estimates in this report assume that 60 percent of the homes and businesses subscribe to the service,
which is also known as takate. A 60 percent takeate is possible in environments where a new provider delivers
service in a previously unsexd area. Market research would be required to estimate a more accuratertda&ent
assumed service costs.
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Table5: Estimated Costs to Construct Fiber to Unserved Premises

Unserved| Density of | Number of | Total Cosby | Cost per
. ) : ) Total Cost
Model Premises Passings Density Passing
$332 milliong | $3820¢
. Clustered | 87,000 | “¢on6 million | $9,270 |  $1.9billionc
. $1.6 billion¢ | $15,520¢ $5.1 billion
LowDensity | 109.000 | ¢4 3 pillion | $39,260
$236 milliong | $4,750¢
, Clustered | 50,000 | “eoz6milion | $11,600 |  $1.7 billionc
: $1.5 billiong | $20,300¢ $4 3 billion
LowDensity | 76,000 | g3 7 hillion | $50,000

Broadband can also be delivered using fixed wireless technology. In S8@iame provide a

model where we use existing wireless sites to deliver fixed wirelesgse@osts are summarized

in Table6.
Table6: EstimatedFixed Wireless Coverage and Cost Estimates
_AV(_arag_e Installation
Percent . Distribution
Number . Capital Cost and
Unserved Passings of : Network :
of . Assuming 60% Electronics
Model Sewved | Passings : Cost per
Towers 3| Penetration : per
Served? Wireless
. Customer
Passing
Wireless
Unserved 966 134,121 69 $282,100,000 $1,030 $1,800
Model 1
Wireless
Unserved 780 84,655 67 $202,300,000 $1,300 $1,800
Model 2

As stated, there are often technical limitations relative to a fully fiber optic network. These
include difficulty or inability to serve customers obstructed by terrain or foliage and limitations
in available wireless spectrum. As a result, fixed wirefgssiders have typically adopted a
business model where they expect to serve a lower percentage of the potential customers (e.g.

2 For Wireless Unserved Model 1 and Wireless Unserved Model 2, this figure represents the percentage of total

unserved premises. For the two hybritbdels, this figure represents the percentage of unserved premises in low
density areas (i.e., outside of clusters).
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from available antenna sites.

' yR ¥F2 0dz

It is critical to note that the costs and engineering assumptions in this model assume that the
fixed wireless provider is instead pursuing a model where it must be the primary provider in a
service area and has approximately 60 percent of passed homes amebses on the network

(a typical number in an otherwise unserved area).

Because of the technical advantages of fiber but the clear need to seek an alternative in less
dense areas, we also present a hybrid approach, in which the denser unserved arefibdrave
servica and lowdensity areas have fixed wireless (see SecBd) Costs are summarized in

Table 4.
Table7 EstimatedHybrid Fixed Wireless Coverage and Cost Estimates
Average .
Percent . Distribution [l Eel
Number . Capital Cost and
Unserved Passings of : Network .
of . Assuming 60% Electronics
Model Served | Passings : Cost per
Towers + | Penetration : per
Served? Wireless
. Customer
Passing
Wireless
Unserved
Model 1 788 67,007 61 $184,400,000 $1,700 $1,800
(Hybrid)
Wireless
Unserved
Model 2 638 44,447 59 $139,000,000 $2,100 $1,800
(Hybrid)

That said, many parts of New Mexico, especially-d@nsity areas, may be better suited to fixed
wireless because of the high cost of building wireline infrastructure. We developed a hybrid

model that demonstrates how fiber and wireless technologies carkwocomplementary way,
dzy F2 Nlidzy I 4 St &

o dzii

LINBYA&aSas
serve either with current fiber or wirelegechnologies. The cost of serving those areas with fiber
technology is $1.5 billion to $3.7 billion, or $20,300 to $50,000 per passing in Unserved Model 2.
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24For Wireless Unserved Model 1 and Wireless Unserved Model 2, this figure represents the percentage of total
unserved premises. For the tahybrid models, this figure represents the percentage of unserved premises-n low
density areas (i.e., outside of clusters).
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3.1 Estimated costs for constructing fiber -to-the-premises to serve homes and
businesses
We created wo cost modelsThe highcostestimateA & | -@il¢&32 NFéla ngwK oMidfer
enters the market and constructs FTTP entirely undergroundthe low-cost estimate an
incumbent provider constructs FTTP by leveraging their existing assets such a fibait, @t
aerial pole attachments/Vithin each model, we further distinguished among premises that are
clustered (and thus relatively more cestfective to serve) and premises in low@ensity areas
that would require more extensive construction.

In Unsened Modell, building FTTP t87,000 unserved homes and businesseslusters (out of
a total 196,000 unserved premises) woulolst$332 million to $806 millionwhich is $3820to
$9,270per home or businesdn Unserved ModeR, which has 5M00 unservedpremises in
clusters ¢ut of that Y 2 R Sdtaaf 126,000unserved) the cost range is 86 million to $576
million, which is $4,50 to $11,600 per passingThe following tablegemizethe cost for each
modelby component(See Sectio.1.5for details.)

Table8: Unserved Modell Cost Estimate for Clustered Premises by Component

Low Estimate High Estimate
OutsidePlant Construction $252,000,000 $629,000,000
Core Electronics $26,000,000 $26,000,000
Subscriber Costs (CPE and Drop) $55,000,000 $151,000,000
Total $332,000,000Q $806,000,000
Homes and Business: 87,000 87,000
Cost Per Home arBlusiness $3,820 $9,270

Table9: Unserved ModeP Cost Estimate for Clustered Premises by Component

Low Estimate

High Estimate

Outside Plant Construction

$190,000,000

$475,000,000

Core Electronics $15,000,000 $15,000,000
Subscriber Costs (CPE and Drop) $31,000,000 $86,000,000
Total $236,000,000 $576,000,000

Homes and Business: 50,000 50,000

Cost Per Home and Busineg $4,750 $11,600

For the remaining homes and businessethanStatethat are not inclusters low density creates
a challenge from a cost perspective to construct FTTP to every home. We createdlevhigh
cost estimate to construct to these homes and businesses.
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In Unserved Modell, there are 10,000 unserved homes and businessedow-density areas
outside the clusters. The cost range to construct FTTP to them@s#ion to $4.3 billion or
$15,520 to $39,260 per passin§ Unserved Model2, with 76,000 unserved homes and
businesses outside the clustersould cost1.5 to $3.7 billionor $20,300 to $50,000 per passing
(See SectioBl.1.6for details.)

3.1.1 Desk and field survey of outside plant

3.1.1.1 Desksurvey methodology

CTC engineerfirst performed desk surveys tifie Stateusing Google Earth Street Viereas

were sampled from around the State, and particular target areas were selected based on analysis
of our mappinglatatr especially areas of divergence between EDAC and Form 477 data on served
areas, as well as areas where anecdotal information contradicted either dataset.

The engineersreviewed available rightf-way space available for underground conduit
constructian and estimated the modifications that would be necessary to existing infrastructure
on utility poles for aerial constructiofio develop the parameters for cost estimation, the desk
survey methodology focused on:

1) Confirmingthe lack of visible higispeedbroadband technologies

2) ldentifying where cableTV plantis in place (ith the intent to follow up with cable
providers to determinavhether thoseareashavecableTVbut no broadbandservice

3) Examiing the condition and capacity of utility poles to confirar refine assumptions
about makeready and pole replacement requirements

4) Examining the size and condition of the rigtitway

5) Identifying cabinets and pedestalhat signify the presencef underground pant (for
example, to identify where backbone or middigle fiber transitions to copper)

3.1.1.2 Field survey methodology

A CTutside plant engineer theperformed fieldsurveys of select locations across the State
verify served and unserved areas)d confim and refine our analysidVe also selected target
areas to survey across the State.

The engineer conducted the assessment over five days. The niagurel4 showsthe areas
where we conducted field surveys:

25 Costs are detailed in Secti@nl.3
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Pojoaque, Nambe, El Rancho
East Espanola

Espanola to Medanales
Southwest Albuquerque
Mclintosh Estancia Torreon
Socorro to Escondida

South of Las Cruces

Greater Deming

Greater Gallup

= =2 =4 =4 4 -4 -4 - - -2

Zuni to Black Rock

This analys contributed to the customized estimates of penile costs we developed for 1)
construction on utility poles and 2) underground construction where poles are not available. We
developed a higitost estimate assuming 100 percent new underground constmctal a low

cost estimate assuming expanded constructiyran incumbent provider using existing conduit,
fiber, and aerial attachment¢See Sectio8.1.5for more details.)
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Figurel4: Field Survey Locations
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3.1.1.3 Sampleinfrastructure conditions from the field

Below are sample photos of unserved areas identified based on a combination of EDAC data and
field surveys. In general, delrneg broadband to these areas would require upgrading existing
infrastructure or construction of new infrastructure as describe®attion3.1.3 In general, in
between towns, there is substantial space in the righivayt and, where utility poles exist,

there is space on utility poles.

In small communities the utility poles typically are short and thin, with many needing
replacement to support a new fiber attachmentherefore, the lowest cost for fiber construction
would be available to the existing telephone company (or the cable company, where present),
which could upgrade its system by replacing cables or overlashing fiber to existingoadtiag
telecommuniations providersalso have access to their own poles ar@hduit, which yields
relatively low costs for adding cable attachments. Newer entrants, however, would need to place
new cables underground or on a new attachment on the utility pole, and therefandd face
significantly higher costs.

The following photographs were taken as part of our outside plant survey to depict the state of
communications infrastructure in the areas we reviewédthe unserved East Espanola area
(Figurelb), for examplewe identified copper lines for telephone and/or lespeed DSL, as well

as and cabldV (withoutinternet). Space is available on the poles for new infrastructure.

In the Espanola are#&igurel6), we identified a repeater for copper phone service and/or-low
speed DSL.

Figurel5: East Espanola AreaCopper and Cable TW¢ Internet)
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Figurel6: Espanola Areg Repeater for Copper Phone Service and/or DSL

Near Deming, we identified the transition point from fiber to copper serktgurel?7). Copper
lines only support DSL and digd; the fiber is for backbone and middle mile services only.

Figurel7: Deming Areg TransitionFrom Fber to Copper for Phone and/or DSL
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In theMcintosh area of Torrance County we identified a repeater and cabinet for DSL and/or dial
up servicesKigurels).

Figurel8: Mcintosh Area¢ Repeater andCabinet for DSL an®ial-Up Services

In the Socorro area we identified relatively crowded poles but no broadband infrastructure
(Figurel9). (Based on EDAdata, there is lowspeed DSL and cabl@/ in the area; broadband
would require an upgrade of the cable system and/or placement of fiber.)

Figurel9: Socorro Area Relatively Crowded Poles But No Broadband
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Near Espanola, we idéfied copper for DSL and diap on the poles, and middimile or
backbone fiber underground-{gure20).

Figure20: Near Espanolg Copper on Pole, MiddlMile or Backbone Fiber Underground




3.1.2 Fiber-to-the-premises network design

We developed a conceptual, higdwvel fiberto-the-premises outside plant network design that
is aligned with best practices in the industry and is open targety of electronic architecture
options?26

Figure 21, below, shows a logical representation of the fiierthe-premises network
architecture we reommend based on the conceptual outside plant design. The drawing
illustrates the primary functional components in the fiderthe-premises network, their relative
position to one another, and the flexibility of the architecture to support multiple subscri
models and classes of service.

The recommended architecture is a hierarchical data network that provides scalability and
flexibility, both in terms of initial network deployment and its ability to accommodate the
increased demands of future applicat®rand technologies without requiring expensive new
construction. The characteristics of this hierarchical fiteethe-premises data network are:

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

1 Availability ¢ highlevels of redundancy, reliability, and resiliency; ability to quickly detect
faults and reroute traffic

1 Resilient operation ¢ physical path diversity in the network backbone to minimize
operational impact resulting from fiber or equipment failure

1 Efficiencyg no traffic bottlenecks; efficient use of resources

1 Scalabilityc ability to grow in terms of physical service area amcreased data capacity,
and to integrate newer technologies without new construction

1 Manageability¢ simplified provisioning and management of subscribers and services

1 Flexibility ¢ ability to provide different levels and classes of service to different customer
environments; can support an open access network or a simgleider network; can
provide separation between service providers on the physical layer (separate fibers) or
logical layer (separate Virtual Local Area Network (VLAN) or Virtual Private Network (VPN)
providing networks within the network)

%¢ KS y S ousBidNdlamia both the most expensive and the longdasting portion. The architecture of the
LIKe@aAOrf LIXIFyd RSGSNN¥AYSE GKS ySGeg2N]3 Qa alOFftlroAfAGe
maintained; the architecture is also the main determinhahthe total cost of the deployment.
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1 Securityg controlled physical access to all equipment and facilities, plus network access
control to devices

This architectte offers scalability to meet longrm needs. It is consistent with best practices
for either a standard or an opeaiccess network model to provide customers with the option of
multiple network service providers. This design would support the currentsingstandard
gigabit passive optical network technology. It could also provide the option of direct Active
Ethernet serviced’

The design assumes placement of manufactteeminated fiber tap enclosures within the
public rightof-way or easements, prading watertight fiber connectors for customer service
drop cables, and eliminating the need for service installers to perform splices in the field. This is
an industrystandard approach to reducing both customer activation times and the potential for
damag to distribution cables and splices. The model also assumes that the service provider
obtains easements or access rightd\avajo Nation, Pueblos, and Tribal lajmisprivate drives

within communities to access homes.

2T The architecture enables the network to provide direct unshared Ethernet connections to 5 percent of
customers, which is appropriate for a select group of Hghurity or high capacity commercial users (banks,
wireless small cell connections). In extreme cases, the network can provide more customers with Active Ethernet
with the addition of electronics at théber distribution cabinet®n an asneeded basis
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Figure21: HighLevelFiberto-the-PremisesArchitecture
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3.1.3 Construction cost variables

As with any utility, the design and associated costs for construction vary with the unique physical
layout of the service argano two streets are likely to have the exact same configuration of fiber
optic cables, communications conduit, underground vawdts] utility pole attachments. Costs

also vary by soil conditions, such as the prevalence of subsurface hard rock; the condition of
utility poles and feasibility of aerial construction involving the attachment of fiber infrastructure

to utility poles; anccrossings of bridges, railways, and highways.

Makeready is the work required to create space on an existing utility pole for an additional
attachment. Existing attachments often have to be moved or adjusted to create the minimum
clearance required by cedto 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 pole is not structurally capable of suppgortin
the attachment, a pole replacement is required. The pole replacement cost is then charged to
the new attacherFor a bestcase, lowcost estimate, we assumed that no mateady would be
needed. We also assumed that existing conduits would be usable wieedzed.

One of the challenging variables with underground construction is the prevalence of rock. Softer
stones and boulders (intermediate rock) require the use of a specialized boring missile that is
more expensive than traditional boring. Where hardkpsuch a granite is present, specialized
rock boring machinery is required to directional bore new conduit. The cost of boring through
rock is added to the cost of traditional boririgpr a higkcost estimate, we assumed underground
construction for all eeas. The prevalence of extensive rock could increase the cost of
construction higher.

3.1.3.1 Estimated cost per foot for high-cost estimate: New provider builds new
underground fiber -to-the-premises system

The highcost estimate assumes that a new provider wdline into an area and serve homes and

businesses with a new FTTP network that will be constructed entirely underground. Underground

conditions for constructing fiber in the unserved portiongtué Stateare better than in buikup

downtown areas where staice restoration costs are high, and thght-of-wayis congested. We

used a blended cost estimate of $7.0&r footbased on the table and costs below.

Table10: Underground Construction Blended Average Cost

Typeof Costper % of
ConZth)ruction Foopt Construction o]
Boring $12.00 15% $1.80
Street Cut $25.00 5% $1.25
Plow $5.00 80% $4.00
Total $7.05
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Thecost estimate assunsa 60 percent takeate of homes and businesses purchasing services.
When someone subscribes, the cost estimate assumes that a new fiber drop is installed within a
new conduit.

3.1.3.2 Estimated cost per foot for low-cost estimate : Incumbent provider extends fiber

to the unserved areas
The lowend estimate assumes that an incumbent provider, such as the local telephone company,
upgradesits network with fiber to support unserved homes and businesses. We assumed that
the incumbent provider will use their existingratuit and aerial pole attachments to pull fiber
through conduit and to overlash fiber to the poles. For the low end we assumed that the
incumbent will have no make ready to overlash to the existing aerial attachments. We assumed
a cost of $2 per foot to #ier pull fiber through conduit or overlash to the existing aerial plant.
New fiber drops to each subscriber will be from the existing pole outside the premises or using
existing underground conduit.

Thecost estimate assunsa 60 percent takeate of homes and businesses purchasing services
which we believe is typical of an environment where a fiber provider activates service in a
previously unserved aredVhen someone subscribes, the cost estimate assumes that a new fiber
drop is installed within a newonduit.

3.1.4 Estimating density of premises in clustered areas

To determine the cost for constructing eaclusteredarea we calculated the number of homes

and businesses per mile, or passings per mile (PPM), to determine densitgiustezedareas

were thenorganized into groups of high, mediyend low density. We then took the weighted
average of the PPMs for each category weighted against the total number of home and business
per area. In the higlldensity areas, the weighted average was 39 and the mediensity areas

were 13. The low density was 6.

To developthe cost model, for the highestensity areas we used models from our industry
experience to estimate construction costs based on the average density of the given area. We
then modified these modelssing the cost assumptions outlined in this section. We used the
average costs generated from these FTTP cost models to develop costs for the areas. We used
the same FTTP cost models for the hegid cost estimate and the lowend cost estimate by
modifyingthe construction cost assumptionsor example, in West Central Greater Silver City,
there is an average density of 14 homes per mile. Based on our models, we derive an average
cost of $2,800 to $7,000 per passing.
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Figure22: Exampe of a HighDensityUnserved Modell Area West Zuni to Black Rock
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For the lowdensity areas, we determined that the cost to construct to every home is the
equivalent of constructing fiber down every streetanarea and adding a connection as homes
and businesses are pasgedll using the average construction costs per mile devetbjpethe
high and medium FTTP costs models.

This methodology ialsothe same used for the other rural areastbé Statewith extremely low
density, and thereforeot incorporated in a target aregsection3.1.6).
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Figure24: Example of a LoviDensityUnserved Modell Area South Greater Tucumcari
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The following tablesummarizesour cost estimate assumptions for the high and lowst
estimates.

Tablel11: Fiber Cost Estimate Assumptions

Description High Estimate| Low Estimate
Fiber Construction Cost Per Mile $100,000 $40,000
Core Network Electronics Per Passing $300 $300
Customer Premise Device ahstallation $500 $500
Fiber Drop Installation $2,400 $500

The fiber construction cost assumes a turnkey fiber construction by aplairy vendors. ISPs
may be able to reduce costs if they have the capacity to do some of the work intefiradlgost
components for outside plant construction include the following tasks:

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

1 Quality Control / QualityAssuranceg includes expert quality assurance field review of
final construction for acceptance.

1 General Outside Plant Construction consists of all labor and materials related to
GGRLIAOKf & dzy RSNANRdzy R 2NJ I SNA I Lit ppatmitedth RS Lt
utility pole makeready construction, aerial strand installation, fiber installation, and
surface restoration; includes all work area protection and traffic control measures
inherent to all roadway construction activities.

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 and Distribution Plant Splicimggincludes allabor related to fiber splicing of
outdoor fiber optic cables.

1 Backbone Hub, Termination, and Testiggconsists of the material and labor costs of
placing hub shelters and enclosures, terminating backbone fiber cables within the hubs,
and testing backbwe cables.

1 Fiberto-the-Premises Service Drop and Lateral Installatigreonsists of all costs related
to fiber service drop installation, including outside plant construction on private property,
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building penetration, and inside plant construction to a typical backbone network service
GRSYI NOI GA2y ¢ LI2 A eialb and faBoerelakey O thezBr@idation 6ft Y I
fiber cables at the demarcation point. The model only includes drop costs for the
estimated 60 percent of customers taking the service.

Using the GIS information for each area and the cost estimates we dedeopost per passing
for each area. Costs for core network electronics, customer premises equipment, and drop
installation were added to the OSP costs based on theefenttake-rate for each model.

3.1.5 Costestimate for clustered areas

We created two cosinodels The highcostestimate assumes a new provider enters the market

and constructs FTTP entirely underground. The-dost estimate assumes an incumbent
provider constructs FTTP by leveraging their existing assets such a fiber, conduit, and aerial pole
attachments.

ForUnserved Modell, which has 8,000 clusteredunserved homes and businesses outlo#
StateQ a 6,00@pnserved premisgghe cost range is $2 million to 806 million, which is $820
to $9,270per home or businessn Unserved ModeP, with 50,000 unserved out of théotal
126,000unserved premises in thahodel, the cost range is 85 million to $57/6 million, which
is $4750 to $11,600. The following tableemizethe cost for eachmodelby component.

Tablel12: Unserved Modell Cost Estimate for Clustered Premises by Component

Low Estimate High Estimate
Outside Plant Construction $252,000,000 $629,000,000
Core Electronics $26,000,000 $26,000,000
Subscriber Costs (CPE and Drop) $55,000,000 $151,000,000
Total $332,000,000 $806,000,000
Homes and Business: 87,000 87,000
Cost Per Home and Busineg $3,820 $9,270

Tablel3: Unserved ModePR Cost Estimate for Clustered Premises by Component

Low Estimate High Estimate
Outside Plant Construction $190,000,000 $475,000,000
Core Electronics $15,000,000 $15,000,000
Subscriber Costs (CPE and Drop) $31,000,000 $86,000,000
Total $236,000,000 $576,000,000
Homes and Businesst 50,000 50,000
Cost Per Home and Busine $4,750 $11,600
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The tables below itemize the costs for individual fiber segments; shaded rows indicate areas that

includeNavajo Nation, Pueblos, or Tribal landsore details on the costs to serve those areas

are in Sectior8.1.7.

Tablel4: Unserved Modell Costs for Clustered Premises

Target Area Passings St_reet Passihgs Lovx_/-Cost HighCost
Miles | Per Mile | Estimate Estimate
West Zuni to Black Rock 3,385| 354 96 $4,562,000 $10,441,000
East Zuni to Black Rock 783| 11.4 69 $1,185,000 $2,739,000
Central East Espanola 4,065 65.3 62 $6,391,000 $14,819,000
South Central Espanola to Medanales  1,926| 37.6 51 $3,296,000 $7,692,000
EastEspanola 2940| 69.6 42 $5,518,000 $12,956,000
Cordova 209 5.3 39 $407,000 $957,000
South Socorro to Escondida 4,016| 103.1 39 $7,859,000 $18,503,000
South Espanola to Medanales 792| 20.6 39 $1,559,000 $3,672,000
South EasEspanola 2,756 | 73.7 37 $5,510,000 $12,990,000
East Pecos 1561 42.7 37 $3,158,0000 $7,451,000
Central Dulce 765| 21.7 35 $1,580,0000 $3,733,000
North East Espanola 2,769| 78.9 35 $5,732,000 $13,540,000
Central Espanola to Medanales 1,901| 55.1 35 $3,971,000 $9,386,000
South Pojoaque, Nambe, El Rancho 714| 23.2 31 $1,590,000 $3,772,000
West Sedillo 757| 25.7 29 $1,731,000 $4,112,000
East Pojoaque, Nambe, El Rancho 1593| 54.4 29 $3,659,000 $8,694,000
Truchas 414 14.7 28 $973,000 $2,315,000
Chupadero, Rio En Medio 412| 14.8 28 $974,000 $2,318,000
South Sedillo 709| 26.1 27 $1,702,0000 $4,054,000
Lordsburg 1,733| 65.4 27 $4,227,000 $10,073,000
Cedar Hill North 195 7.6 26 $486,000 $1,159,000
WestSouthwest of ABQ 1911| 77.3 25 $4,868,000 $11,624,000
East Southwest of ABQ 1,033| 42.6 24 $2,665,000 $6,368,000
West Pecos 811| 34.6 23 $2,139,000 $5,116,000
West Pojoague, Nambe, El Rancho 954| 41.3 23 $2,541,000 $6,080,000
North Southwest of ABQ 1,003| 44.1 23 $2,696,000 $6,455,000
North Chama to Tierra Amarilla 1,084| 49.2 22 $2,975,000 $7,128,000
North South of Las Cruces 4,826 | 219.0 22 $13,249,000 $31,746,000
South of Las Cruces 1,572 72.6 22 $4,367,000 $10,470,000
Gallina 257 124 21 $734,000 $1,761,000
Cedar Hill South 561 28.5 20 $1,663,0000 $3,996,000
Southeast Dulce 369 20.1 18 $1,149,000 $2,768,000
South Oasis to Hatch 1,889 | 105.1 18 $5,962,000 $14,367,000
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Target Area Passings St_reet Passir_mgs LOV\_/-Cost HighCost
Miles | Per Mile Estimate Estimate
East Greater Silver City 268| 15.4 17 $867,000] $2,090,000
East Central Greater Silver City 80 4.9 16 $271,000 $655,000
North McCartys to New Laguna 1,312| 80.7 16 $4,446,000 $10,742,000
Cedar Grove 951| 614 15 $3,340,000 $8,079,000
Abeytas 1,840| 123.4 15 $6,647,000 $16,092,000
West Central Greater Silver City 142 9.9 14 $529,000 $1,282,000
South Cannon AFB 283| 19.9 14 $1,061,000 $2,571,000
South Buckhorn to Gila 376| 26.9 14 $1,424,0000 $3,453,000
South McCartys to New Laguna 1,089| 78.4 14 $4,150,000 $10,064,000
Southeast Chama to Tierra Amarilla 414| 30.1 14 $1,591,000 $3,859,000
North Espanola to Medanales 1,646| 120.4 14 $6,346,000 $15,395,000
EastDulce 118 8.9 13 $464,000, $1,127,000
South Cuba to Regina 689| 52.4 13 $2,736,000 $6,642,000
North Hanover Faywood Mimbres 963| 74.6 13 $3,879,000 $9,423,000
South Central Chama to Tierra Amaril 742| 58.9 13 $3,045,000 $7,402,000
North Greater Deming 951| 79.2 12 $4,053,000 $9,862,000
San Antonio 599| 50.9 12 $2,594,000 $6,313,000
Southwest Chama to Tierra Amarilla 227| 19.8 11 $1,003,000 $2,443,000
North Oasis to Hatch 1,005| 94.5 11 $4,713,0000 $11,495,000
North Greater Gallup 2,989| 285.0 10 $14,179,000 $34,596,000
South Greater Gallup 2,683 | 256.8 10 $12,766,000 $31,150,000
North Greater Silver City 558| 54.6 10 $2,704,000 $6,602,000
North Socorro tdEscondida 854| 84.9 10 $4,192,0000 $10,236,000
North Buckhorn to Gila 357| 36.4 10 $1,790,000 $4,373,000
South North of Ruidoso 807| 85.3 9 $4,162,0000 $10,175,000
West Greater Tucumcari 357| 40.1 9 $1,935,000 $4,735,000
SouthwestCannon AFB 545| 61.9 9 $2,983,000 $7,303,000
North McIntosh Estancia Torreon 1,414| 164.4 9 $7,892,0000 $19,326,000
Southwest Greater Silver City 344| 43.6 8 $2,065,000 $5,064,000
South Hanover Faywood Mimbres 180| 23.5 8 $1,108,000 $2,719,000
South Greater Tucumcari 46 6.0 8 $284,000 $696,000
Central Mcintosh Estancia Torreon 1,055| 138.5 8 $6,520,000 $15,999,000
Northwest Roswell to Artesia 288| 40.0 7 $1,867,000 $4,586,000
Timberon 764 | 119.3 6 $5,482,0000 $13,486,000
South Roswell to Artesia 324| 50.8 6 $2,331,000 $5,736,000
North Cuba to Regina 354| 58.0 6 $2,648,000 $6,520,000
Central Cannon AFB 285| 48.2 6 $2,192,000 $5,399,000
North of Ruidoso 270 46.7 6 $2,117,000 $5,216,000
Southeast Carlsbad 604 | 110.4 5 $4,978,000 $12,274,000

61



Target Area Passings St_reet Passir_mgs LOV\_/-Cost HighCost

Miles | Per Mile | Estimate Estimate
East Greater Tucumcari 257| 47.1 5 $2,124,000 $5,236,000
Central Chama to Tierra Amarilla 196| 37.5 5 $1,684,000 $4,153,000
South Greater Deming 2,042 | 392.7 5 $17,606,000 $43,433,000
West MclIntosh Estancia Torreon 740| 154.4 5 $6,862,0000 $16,945,000
South MclIntosh Estancia Torreon 895| 190.2 5 $8,441,000 $20,848,000
North Roswell to Artesia 410 99.1 4 $4,347,000 $10,750,000
Northwest Chama td@ierra Amarilla 83| 20.1 4 $880,000( $2,177,000
Northeast Roswell to Artesia 179| 434 4 $1,901,000 $4,701,000
East Greater Deming 1,095| 284.1 4 $12,381,000 $30,640,000
Central Roswell to Artesia 383| 106.0 4 $4,597,0000 $11,382,000
Southwest Carlsbad 45| 16.8 3 $715,000, $1,776,000
East Central Roswell to Artesia 330| 1235 3 $5,246,0000 $13,022,000
Navajo Nation Sanostee 797| 388 2 $16,265,00 $40,434,000
West Central Roswell to Artesia 34| 23.0 1.5 $952,000, $2,371,000

Tablel5: Unserved ModePR Costs for Clustered Premises

: Street| Passings Low-Cost High-Cost

IETIEE A FeEslgE Miles | Per Mile Estimate Estimate
West Zuni to Black Rock 3,150| 33.3 95 $4,261,000 $9,754,000
East Zuni to Black Rock 783| 114 69 $1,185,000 $2,739,000
West Southwest of ABQ 122 3.0 41 $233,000 $547,000
South Socorro to Escondida 4,007 | 102.9 39 $7,843,0000 $18,465,000
North Chama to Tierra Amarilla 608| 16.7 36 $1,232,000 $2,906,000
East Pecos 1,455| 41.0 36 $2,992,000 $7,064,000
Gallina 42 1.3 33 $90,000 $213,000
Cedar Hill North 172 5.5 31 $380,000 $901,000
Lordsburg 1,733| 65.4 27 $4,227,0000 $10,073,000
West Pecos 803| 34.3 23 $2,120,000 $5,071,000
South of Las Cruces 1,469| 68.6 21 $4,108,000 $9,852,000
North South of Las Cruces 4,448 | 210.9 21 $12,571,000 $30,160,000
East Southwest of ABQ 452 | 22.6 20 $1,326,000 $3,187,000
Cedar Hill South 523| 27.6 19 $1,589,000 $3,823,000
East Greater Silver City 268| 15.4 17 $867,000] $2,090,000
South Oasis to Hatch 1,770| 103.2 17 $5,775,0000 $13,934,000
East Central Greater Silver City 80 4.9 16 $269,000 $651,000
North McCartys to New Laguna 1,254| 79.8 16 $4,359,000 $10,541,000
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Target Area Passings St_reet Passir_lgs LOV\_/-Cost HighCost
Miles | Per Mile Estimate Estimate
South Central Chama to Tierra Amaril 159| 10.4 15 $563,000 $1,363,000
Abeytas 1,794| 121.2 15 $6,518,000 $15,784,000
West Central Greater Silver City 139 9.7 14 $515,000; $1,249,000
South Cannon AFB 283| 19.9 14 $1,061,000 $2,571,000
South McCartys to New Laguna 1,088| 78.4 14 $4,147,000 $10,057,000
North Espanola to Medanales 264 | 19.2 14 $1,013,000 $2,458,000
North Hanover Faywood Mimbres 923| 72.7 13 $3,767,000 $9,154,000
North Greater Deming 917| 77.4 12 $3,951,000 $9,615,000
Southeast Dulce 31 2.6 12 $134,000 $327,000
San Antonio 583| 50.4 12 $2,557,000 $6,226,000
South Cuba to Regina 163| 14.9 11 $746,000] $1,818,000
North Greater Gallup 2,988 | 284.9 10 $14,174,000 $34,584,000
South Greater Gallup 2,676 | 256.7 10 $12,755,000 $31,125,000
North Socorro to Escondida 854| 84.9 10 $4,192,0000 $10,236,000
West Greater Tucumcari 357| 40.1 9 $1,935,000 $4,735,000
Southwest Cannon AFB 545| 61.9 9 $2,983,000 $7,303,000
North Oasis to Hatch 745| 85.2 9 $4,102,0000 $10,043,000
North McIntosh Estancia Torreon 1,289| 160.9 8 $7,637,0000 $18,724,000
South Hanover Faywood Mimbres 180| 23.5 8 $1,108,000 $2,719,000
South Greateffucumcari 46 6.0 8 $284,000 $696,000
Central McIntosh Estancia Torreon 1,047 | 138.2 8 $6,502,000 $15,956,000
North Cuba to Regina 39 5.2 8 $242,000 $595,000
North of Ruidoso 28 3.7 8 $174,000 $428,000
Southwest Greater Silver City 309| 41.6 7 $1,950,000 $4,788,000
Northwest Roswell to Artesia 288| 40.0 7 $1,867,000 $4,586,000
Southeast Chama to Tierra Amarilla 79| 115 7 $533,000 $1,310,000
Timberon 764 | 119.3 6 $5,482,0000 $13,486,000
South Roswell to Artesia 321| 50.6 6 $2,322,000 $5,714,000
Central Cannon AFB 283 | 48.0 6 $2,182,000 $5,374,000
East Greater Tucumcari 257| 47.1 5 $2,124,000 $5,236,000
South Greater Deming 1,918| 386.6 5 $17,248,000 $42,573,000
Southeast Carlsbad 507 | 104.1 5 $4,636,000 $11,446,000
South MclIntosh Estancia Torreon 895| 190.2 5 $8,441,0000 $20,848,000
West MclIntosh Estancia Torreon 646| 151.8 4 $6,672,0000 $16,495,000
Northeast Roswell to Artesia 179| 43.3 4 $1,899,000 $4,695,000
EastGreater Deming 1,077| 282.9 4 $12,317,000 $30,484,000
North Roswell to Artesia 363| 98.2 4 $4,266,0000 $10,561,000
Central Roswell to Artesia 383| 106.0 4 $4,597,0000 $11,382,000
Southwest Carlsbad 45| 16.8 3 $715,000 $1,776,000
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Taraet Area PassINGs Street| Passings Low-Cost High-Cost

9 9 Miles | Per Mile Estimate Estimate
EastCentral Roswell to Artesia 330| 1235 3 $5,246,000 $13,022,000
Navajo Nation Sanostee 715| 388 2 $16,188,000 $40,267,000
West Central Roswell to Artesia 34| 23.0 1 $952,000] $2,371,000

3.1.6 Costestimate for low-density unserved areas

For the remaining homes and businessethim Statethat are not inclusters density creates a
challenge from a cost perspective to construct FTTP to every home. We createdevieigtost
estimate to construct to these homes and businesses. We detemuintinat the cost to construct

to every home is the equivalent of constructing fiber down every street in the areas and adding

a connection as homes and businesses are passeadppliedhe average construction costs per
mile developeckarlier, which were$100,000 per mile for the higbost estimate and $40,000 per

mile for the lowcostestimate.

In Unserved Modell, there are 107,000 unserved homes and businesses outside the clusters.

The cost range to construct FTTPthese lowdensity areads $1.7billion to $4.3 billion or
$15,500 to $39,300 per passinheUnserved Mode? cost range with 74,000 unserved homes
and businesses outside the clusters is $ilbon to $3.7 billion or $19,800 to $48,800 per

passing

Tablel6: Costs for Unserved Passings in L-B@&nsity Areasynserved Modell andUnserved Model

2)
Unserved
County F(’)alljstz:ggs f/ltiﬁ:t Izsz\I/ITI%S High Estimate| Low Estimate
Target Areas

Bernalillo 4,491 931.5 4.8 $102,316,467  $41,438,561
Catron 5,298 2,760.2 1.9 $286,827,000 $115,335,000
Chaves 577 1,485.1 0.4 $149,683,000 $59,939,000
Cibola 5,135 2,540.1 2.0 $264,489,000 $106,381,000
Colfax 6,045 931.5 4.8 $132,375,000 $53,639,000
Curry 375 2760.2 1.9 $19,569,000 $7,870,000
De Baca 393 1485.1 0.4 $88,779,000  $35,557,000
Dofia Ana 8,031 2540.1 2.0 $140,485,000 $57,110,000
Eddy 1,555 1200.4 5.0 $117,278,000 $47,089,000
Grant 1,762 188.0 2.0 $96,984,000  $38,994,000
Guadalupe 658 879.8 0.4 $95,136,000  $38,129,000
Harding 190 1241.0 6.5 $46,272,000  $18,530,000
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Unserved
County Zﬁz:ggs ?/Itirliest IIZ:fT\I/I?IQeS High Estimate| Low Estimate
Target Areas
Hidalgo 1,185 1141.1 1.4 $102,975,000 $41,325,000
Lea 2,061 933.9 1.9 $153,712,000 $61,720,000
Lincoln 1,789 937.9 0.7 $105,641,000 $42,460,000
Los Alamos 388 458.8 0.4 $9,354,000 $3,786,000
Luna 1,895 1005.6 1.2 $181,240,000 $72,712,000
McKinley 4,458 1495.1 1.4 $150,241,000 $60,605,000
Mora 741 1019.9 1.8 $38,551,000  $15,505,000
Otero 3,075 85.6 4.5 $225,883,000 $90,704,000
Quay 555 1773.7 1.1 $51,274,000  $20,573,000
Rio Arriba 2,795 1411.5 3.2 $161,174,000 $64,788,000
Roosevelt 763 370.4 2.0 $104,704,000 $41,969,000
San Juan 9,009 2196.1 1.4 $156,867,000 $63,774,000
San Miguel 9,945 501.4 1.1 $152,265,000 $62,040,000
Sandoval 11,440 1554.7 1.8 $311,600,000 $125,944,000
Santa Fe 11,490 1031.5 0.7 $161,240,000 $65,806,000
Sierra 2,990 1384.9 6.5 $119,695,000 $48,219,000
Socorro 2,861 1319.8 7.5 $224,828,000 $90,258,000
Taos 514 2882.6 4.0 $41,018,000  $16,466,000
Torrance 1,833 1378.0 8.3 $103,326,000 $41,540,000
Union 961 1136.0 2.6 $112,475,000 $45,100,000
Valencia 4,269 2189.9 1.3 $99,678,000  $40,358,000

3.1.7 Unserved areas within Navajo Nation, Pueblos, and Tribal lands

People living orNavajo Nation, Pueblos, and Tribal lamdpresent a significant portion of the
{GF G§SQa dzy &S NUnhSeRedNwdeldzif theil®620g0dnskryed addresses, 37,000 or
18 percent of the unserved homes and businesses aidawajo Nabn, Pueblos, and Tribal lands
(Figure25). Of the 86 clusters idnserved Model where we create fiber optic network models,
26 contain unserved homes ddavajo Natio, Pueblos, and Tribal land$hese clusters are
shaded inTablel4 (see Sectior3.1.5.

In Unserved ModeR, of the 126,000 unserved addresses, 21,000 or 16 percenmraMavajo
Nation, Pueblos, and Tribal lanflSgure26). Of the 60 clusters ibnserved ModeR where we
create fiber optic network models, 10 contain homes and bussee orNavajo Nation, Pueblos,
and Tribal landsThese clusters are shadedTiablel5 (see Sectio3.1.5.
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Figure25: Unserved Premises dNavajo Nation, Pueblos, and Tribal Landnserved Modell)
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Figure26: Unserved Premises dNavajo Nation, Pueblos, and Tribal Landsnsened Model2)
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A more detailed engineering analysis would be needed to generate costs for indiNavalo
Nation, Pueblos, and Tribal landsut individual cluster costs can be seemablel4 and Table
15.

We estimated the cost to serve unserved homes and businessiszaio Nation, Pueblos, dn
Tribal landsby multiplying the total costs for constructing FTTPUmnserved Modell and
Unserved Mode? by the percentages abovédblel?7). On average, these casare higher than
the construction in the clustered area$ablel2 and Table13), because many of the unserved
locations orNavajo Nation, Pueblos, and Tribal laags outside the clusters and spread out.

As with the unserved addresses statewide, seriiagajo Nation, Pueblos, and Tribal lacds
be done with different approachesegending on the specific situation, with a focus on fiber in
denser areas and wireless in less dense areas.

Tablel7: Cost Estimate for Unservadavajo Nation, Pueblos, and Tribehnds

Unserved Addresses
on Navajo Nation, Total Cost to Costper Passin
Pueblos, and Tribal Construct FTTP b 9
Lands
$342 milliong
Unserved Model 37,000 $918 million $9250¢ 24,800
$272 milliong
Unserved Modep 21,000 $688 million $12,950¢ $32,750

3.2 Estimated costs for constructing fixed wireless infrastructure to serve
homes and businesses
TMa aSOGA2Yy aRafysisOMNde ass &f Stamvredaind commercial towers and other
suitable structures to provide fixed wireless broadband accesaserved hores and businesse
in New MexicoWe found thatafixedwirelessnetwork alone could serve up to about 68 percent
2T GKS {41 GSQar canpared MIA® Rerdeit Bsiibed i§ the cluster areas
although, as discussed in Sect®, it would haveclear technical limitations relative to a fiber
optic network.

This analysis demonstratéisat fixed wireless technology can be a technically feasible approach
to providing broaband to unservedaddressesAlthough there are technological limitations
relative to a fiber optic servicéas well as higher operational costs and a shorter technology
lifetime), wireless technology has benefitstarms of lowercapital costs and redudetime to
deploy. Furthermore, as discussed below, new developments in wireless technology are
improving the reliability and speed of wireless broadband, and therefore these technologies are
a better option now than they were in the recent past.
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3.2.1 Overview of analysis

Considering the location of unserved premises identifiedJirserved Modell and Unserved

Model 2 above (see Sectidh?2), we developedvariations on fixed wireless networkodelsthat

use antennas mounted on existing structures (which we refer to here, for convenience, under

0KS OF GOKFTf ( SNV alSiINIIASONER &2 bB 6R RSEDA 02 Qa dzyas
1) WirelessUnserved Model: Serving all unserved addresset)mserved Model

2) WirelessUnserved Model (Hybrid): Serving unserved addresses ind@nsity areas of
Unserved Model (as an addition to constcting FTTP to clusters of premises)

3) WirelessUnserved ModeR: Serving all unserved addressed)mserved Modep

4) WirelessUnserved Mode? (Hybrid): Serving unserved addresses ind@nsity areas of
Unserved ModeP (as an addition to constructing FTibRlusters of premises)

As a starting point for our analysiBigure27 (below) shows the unserve@ddresses in New
Mexico, based on the analysis described in Se@i@n

In Wireless Unserved Model 1, equipment mountedd@® existingowerscould deliver service

G2 Iy SAaGAYFGSR cy LISNOSyld 27 Heus2sbélowitieda mdpT
yellow areas illustratehe higherspeedcoverage withwireless technologiedhe green shading

indicates the remaining unserved areas.
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Figure27: Unserved Areas and Addresses in New Mexico
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Figure28: CoverageEnabled by Equipment oBxisting Towergor WirelessUnserved Modell
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In WirelessUnserved ModeH X~
premises fall into that category, equipment mounted @0 existingowerscould deliver service

to an estimated 67 percerdut of thetotal 126,000unserved premises in thahodel

g KSNB

6 S

Kl @S |

Tablel8 summarizes the cost and scope of the wirelesserved moded.

Tablel8: Fixed Wireles€overage and Cost Estimates

GAIKGSNI RSTAY

Average .
Y Installation
Percent . Distribution
Number . Capital Cost and
. Passings of : Network :
Option of . Assuming 60% Electronics
Served | Passings . Cost Per
Towers s | Penetration : Per
Srved? Wireless
. Customer
Passing
Wireless
Unserved 966 134,121 69 $282,100,000 $1,030 $1,800
Model 1
Wireless
Unserved
Model 1 788 67,007 61 $184,400,000 $1,700 $1,800
(Hybrid)
Wireless
Unserved 780 84,655 67 $202,300,000 $1,300 $1,800
Model 2
Wireless
Unserved | oag | 44447 | 50 $139,000,000 | $2,100 $1,800
Model 2
(Hybrid)

In WirelesgtJnserved Model, we found that an average of more than 139 addresses were served
by each of the existing 966 towers. In Wireléssserved Modell (Hybrid), we found that an
average of more than 85 addresses wouddderved wirelessly by each of the existing 788 towers.
In WirelesdJnserved ModeR, we found that an average of more than 109 addresses would be
served by each of the existing 780 towers. In Wirelgsserved ModeR (Hybrid), the average
was more than @ addresses served wirelessly by each of the existing 638 towers.

The following sections:

28 For Wireless Unserved Model 1 and Wireless UnservedeM®, this figure represents the percentage of total
unserved premises. For the two hybrid models, this figure represents the percentage of unserved premises in low

density areas (i.e., outside of clusters).
72



1 Provide a highevel introduction to fixed wireless connectivifyncluding technologies,
basic architecture, spectrum, and elements of cpsts

1 Describe the us of the existingstructures withinthe Statein a fixed wireless solution for
the unserved homes and businessesN#w Mexicofor WirelessUnserved Modell,
WirelesdUnserved Model (Hybrid), Wireleseinserved Mode®, and Wirelestnserved
Model 2 (Hybid).

3.2.2 Introduction to fixed wireless network connectivity

NRI RokFyR aLISSRa Ay O2Y LX(ikl $50bps dowildad, 8 Kisps C/ / Q:

uploadr which is also thalefinition of¢ 8 SNIISR¢ I LILINRP PSR o0& dg
more readily availabldrom fixed wirelessnetworks than in the pastowing to the recent
introduction of theCitizens Broadbandadio Service (CBRS) spectrumo the marketand new
wireless technologiesWhile wreless internet service providers (VP)Sare typically not able to
offer connection speeds on a markeide basis comparable to cable or fibegtworksbuilt to
each premisesa fixed wireless connectionay be a desirable solution if cable or fiber is not €ost
effective. This is especiallyug in lowdensity rural areas where there are few homes and
businesssper mile, and therefore the cost of building wired networks is often high.

As opposed to an underground or aerial cableeless broadband is provided from access point
antennas on tavers or rooftops.The customer antenna may be on the home or business or on a
mast on the customer premiseBigure29).

Figure29: Example Fixed Wireless Network with Access Point Antennas on a Monopole and Various
Customer Antenna Configurations

3.2.2.1 Fixed Wireless Spectrum and Architecture
Fixed wireless networks typically use the following spectrum:
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1 TV White Space (TVWS) 500MHz
1 Unlicensed 900 MHz, 2.4 GHz, 5 GHz
1 CitizenBroadbandRadioServic CBRS) 3.5 GHz

It is useful to determine which band may be most effective to use in different areas. Each band
will need its own set of equipment; if one or more band can benielated 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 and 3 Mbps upso those are the two primary bands we cateied TheCBRS band

is predicted to connect the most addressés. addition to the spectrum properties, the ability

to connect is due to the antennas being allowed to be mounted higher than the TVWS antennas
under the licensing rules of the FCC, and Ci#R®) allowed to have the greatest broadcast
power of the three technologiek.

That said, we also consider@®W$ which delivers service ovemnused television frequencies
(known as white space). TVWS bands have much bettetinewnf-sight transmissiomualities

than the other bands; however, due to its narrower bandwidth, TVWS is not capable of delivering
25 Mbps down, and therefore should only be considered in cases where other connectivity is not
available or feasible. Also, because white space teldyy is still in an early phase of
development, compatible equipment is far more expensive than otheith&ffshelf wireless
equipment.

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

near the line of sight of the base station antenna. This can be especially challenging in
mountainous regions. It is also a problem in areas with dense vegetation or multiple tall gsildin
WISPs often need 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 carmpaat the quality of servicdn 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, here is a tradeoff in these bands between aajty and the ability to penetrate
obstructions such as foliage and terraifhe higler frequencies have widechannels and
therefore the capability to provide the highest capaciowever, the highest frequencies are
thosemost easily blocked by obstruohs.

Wireless equipment vendors offer a variety of peiotmultipoint and pointto-point solutions.
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The models in this document assume petioimultipoint equipment, which is typical for a
residential or small business connectidointto-point servie would typically be chosen lay
mediumsized businesdecause it would enablgedicated bandwidth(at a higher cost than a
point-to-multipoint service); that saidpoint-to-point networks may have limited network
capacity, particularly in the upstream akingthe service inadequate for applications that require
high-bandwidth connections.

3.2.2.2 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 has different aggregate
bandwidth capacity and use a range of different spectrum bands, each with its own
unique transmission capabilities.

1 Backhaul connectionAlthough the bottleneck tends to be in the lasile connectionjf
a WISP cannot get an adequate connection 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 investmentWireless equipment generally requires
replacement every five to 10 years, both because exposure to the elements causes
deterioration, and because the technology continues to advance at a rapid pakeagna
decadeold equipment mostly obsolete. The cost of deploying a wireless network is
generallymuch lower than deploying a wireline network, but the wireless network will
require more regular investment.

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

3.2.3 Analyzing radio frequency coverage in the State

We conducted awireless analysis to determine hoivK S { undenvel @ddress could be

served via fixed wireless. The hilglvel model is for planning purposes only. The RF coverage
analysis was modeled using CloudRF, which is an online service available for gndueRadio
frequency propagations. The software was chosen because of its ability to output 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 mode

There are various propagation models used for RF analysis. Widely used modhks lare of
sight (LOS) model, cost 231 model, Okumura Hata maddl LongleyRicemodel (also called
the Irregular TerraitModel, orITM). For our analysis we used I;Muhichis the most conservative
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and takes into consideration the atmospheric conditions, the ground elevatiorgepyment
environment, the obstacles between thmseand mobilestations,and the ground clutter.

3.2.4 Tower selection methodology

To examinethe potential2 ¥ S E A & (i A(yhih, foiip2irpoSe¥daféthis analysis, included
poles, buildings, and other tall mounting structurés)provide service tai K S { uinderdrefl Q a
addresses we analyzed multiple commercial and government databases @apTel) and
identified approximatelyd,213total existing tower locations iflew Mexico.

We narrowed down the list of tower sites that could potentially be used as part of a fixed wireless
solution based on factors such lasight and ownershipWe filteredfurther to exclude such nen
FSFAAOES @&l NHzOG dzNB & ¢ weredther filtdreid dy2latiNdeAongitugeRn (1 NB S 2
order to remove any duplicate sites.

Next, a 50€foot buffer was placed around all governmemwned towerg and all non
government bwers within that buffer area were removed. Finally, all towers within 500 feet of
one another were clustered and all but the tallest tower were rentvEhis list was further
reduced by eliminating all the towers which had no structure height and stradiyre listed.

After all filtering, we selected to 3,876 towers as potential siting options for fixed wireless
equipment. We then conducted anC I y I f @aA & F2NJ SI OK 2F GKS G2
footprint was analyzed to determine how many unservaddresses could be served with

wireless equipment mounted on the site.

CTC assessed the coverage provided by each of the selected tower sites using the three fixed
wireless frequency band options (CBRS, 5 GHz, and TVWS) to determine how many of the
unsenSR I RRNKX&aa ¢2dzZ R 0S 6AGKAY SI OK aLISOUiNHzYyQ:
analysis on the following assumptions:

1 Antenna heights on the towers are placed at@&centof the tower for all structures

except buildings, hotels, gas stations aodf mounts in which antenna placement was
not possible at lower heights

91 For a tower with structure height asf@et in the list, the height was changed to 1f#@t
1 For a pole with structure height ag€@et in the list, the height was changed to &t

91 For a building with structure height asféet in the list, the height was changed to 100
feet

91 All the structures with heighgreater than450 feet were changed to 15@eet for
conservative analysis
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Broadcast power is at the maximum FCC lionitGBRS band
Channel bandwidth is 20 MHz foiGHz, 10 MHz for CBRS, andigz for TVWS

Subscriber equipment antenna4ss7 meterq15 feef above the ground

= =2 =4 =

Ground elevation and clutter resolution is 30 meters

As a final step, we then appliech a@lgorithm to the towe list to select the fewest towers that
covered the most addresses in eatiodel As a baseline, we eliminated any tower that could
cover fewer than five addresses.

In sum, we identified®66, 788, 780, an@38 towers for WirelessUnserved Modell, Wireless
Unserved Modell (Hybrid), WirelesdJnserved Model2, and WirelesdJnserved Model2
(Hybrid), respectively.

3.2.5 High-level coverage and cost estimate : Wireless Unserved Model 1

Of the3,876towersanalyzed, we identified 966 that could serve more than fivserved Model
1 unserved addressebigure30 (below)shows thegovernment sites in yelloland commercial
towers in dark blue.

Equipment mounted 0®66 existingowers could deliver service to an estimated 68 percent of
GKS {dFGSQa dzy aFyiNa3T below)Nds yelow Seas illusir&teéScoverage with
wireless technologiedhe green shading indicates the remaining unserved areas.
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Figure30: Existing Towers in New Mexico
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Figure31: CoverageEnabled by Equipment oBxisting Towergor WirelessUnserved Modell
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The tables belowshow our cost breakdown for usirtbe existingtowers for a fixed wireless
solution. Our assumptions are as follows:

T

= =/ =2 4 -2

All servedaddresses will require subsiber equipment installedg0 percenttake-rate)
Towers will be configured with three sectors for each frequency used

All selected towers will have CBRS deployed

25 percentof the towers will also have 5 GHz deployed

25 percentof the towers will also haveVIWS deployed

Towers will be connected to backhaul using microwave jlibBgpercentof the sites will
require an additional hop

Engineering and design includes propagation studies, RF path analysis for point to point
connectionsstructural analysis, constuction plans, permits

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

There is room within the shelter at the tower location for additid equipment

To support a fixed wireless network, it is necessary to set up a core network to manage
functions such as authentication, billing, security, and connection to the inteimetch
of the cases outlined below, CTC assumes $200,0@qtopment and setup of a core

The costs outlined below are capital costs only and do not include operational costs

Table19: CapitalCost Estimate for Wirelesgnserved Modell

Cost/Number
Network Core $200,000
Accesg$oint Equipment $16300,000
Backhaul $14,500,000
Installation, Engineeringnd Design $67,600,000
Site Acquisition $38,700,000
Total Distribution Network Costs $137,000,000
Total Addresses 134,121
Cost per Address (DistributioNetwork Only) $1,80
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Table20: Total Cost Estimate fowirelessUnserved Modell at Different Penetration Rates

ltem Cost

Total Incremental Cost (Distribution Only) $137,000,000
Total Incremental Cost (35% Penetration) $222,000,000
Total Incremental Cost (60% Penetration) $282,100,000
Incremental Cost per Address (Distribution On $2,830
Incremental Cost per Customer (35% Penetrati $4,700
Incremental Cost peCustomer (60% Penetratiof $3,500

Almost all addresses that have 5 GHz coverage also have CBRS cdAiihaggh no more
addresses are reached by adding 5 GHz than by simply deployingl@B&8ay be some cases
where the CBRS capacity is at a maximand 5 GHz could be deployed to offload some of the
traffic.

Because CBRS covers the most addresses, and delivers 25 Mbps, we recommend it be deployed
at all the towers. 5 GHz can be used selectively to add capacity at sites, and TVWS can be used
selectvely to pick up additional addresses at select locations.

Our propagation analysis predicts there would stilld@®346addresses, 0B1.4percent, in the
unserved areas that would not be covered te CBR&equency bandrom the all selected
existingtowers. The followingable breaks down the results.

Table 4:Predicted Coveragéor WirelessUnserved Modell

Addresses Number

Total addresses in unserved area 196,467
Addresses served hyireless 134,121
Addresses not served lwireless 62,346
Percent of addresses served 68%

3.2.6 High-level coverage and cost estimate: Wireless Unserved Model 1 (Hybrid)

In thismodel, out of the 3876 towersanalyzed we identified 788 that could serve more than
five addresesin low-density areas ofJnserved Model. The number of addresses served in this
modelis 67,007
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Figure32 provides a statewide map of the hybrid model, in whible tinserved portions of the
State are divided into 1) cluster areas served by fiber, 2) areas that aresuwitell to fixed
wireless using existing towers, and 3) {density areas outside the clusters that are not capable
of being served by existing townser

Figure32: CoverageEnabled by Equipment okxisting Tower$or WirelessUnserved Modell (Hybrid)

Neses Nation, Tribes, and Pueblos
B Wireless Coverage (Hybrid)
Unserved Model 1 FTTP Cluster

Unserved Model 1 Area

82



Figure33 provides a closeup of the Zuni and Black Rock areas in the hybrid model, providing an
example of a fibeserved cluster and a nearby fixed wireless service area, with the surrounding

low-densty areas.

Figure33: Hybrid Model for WireleséJnserved Modell (Hybrid)¢ Zuni to Black Rock

FTTP Address Point
Wireless Address Point

Unserved Address Point

Existing Tower Location

#esse Nation, Tribes, and Pueblos

Unserved Model 1 FTTP Cluster
: - Wireless Coverage (Hybrid)

The following table shows the costs fasing the 788 existing tower§he assumptions are the
sameas those used in Unserved Model 1.

Tables: CapitalCost Estimate fokVireless Portion inJnserved Modell (Hybrid)

Cost/Number

Network Core $200,000
Access Point Equipment $13300,000
Backhaul $11800,000
Installation, Engineerin@nd Design $55,200,000
Site Acquisition $31,500,000
Total Distribution Network Costs $112,000,000
Total Addresses 67,007

Cost per Address (Distribution Network Only $1,700
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Tables: Total Cost Estimatéor Wireless Portion irdnserved Modell (Hybrid)at Different Penetration

Rates

ltem Cost

Total Cost (Distribution Only) $112,000,000
Total Cost (35% Penetration) $1%4,200,000
Total Cost (60% Penetration) $184,400,000
Incremental Cost per Address (Distribution On $3,500
Per Customer (35% Penetration) $6,600
Per Customer (60% Penetration) $4,600

Our propagation analysis predicts there woulill be 42,520addresses, 089 percent, in the
unserved areas that would not be coverbyg wireless fronthe selectedexistingtowers. The
followingtable breaks down the results.

Table 7:Predicted Coveragéor WirelessUnserved Modell (Hybrid)

Addresses Number
Totaladdresses in unserved area 109,527
Addresses served hyireless 67,007
Addresses not served byireless 42,520
Percent of addresses served 61%

3.2.7 High-level coverage and cost estimate: Wireless Unserved Model 2

In thismodel, out of the 3,876 towers analyzed, we identified 780 towers that could serve more
than five of theUnserved ModePR unserved addresse&igure34 shows the resulting overall
coverageusing the 780 existing towerfhe number of addresses served in timsdelis 84,655.
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Figure34: Total Coverage Usingisting Towersfor WirelessUnserved ModelR
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The following table showthe costs forusing the 780 existing tower3he assumptions are the
sameas those used ibbnserved Model.

Table21: CapitalCost Estimate foWirelessUnserved ModePR

Cost/Number
Network Core $200,000
Access Point Equipment $13,200,000
Backhaul $11,700,000
Installation, Engineeringnd Design $54,600,000
Site Acquisition $31,200,000
Total Distribution Network Costs $111,000,000
Total Addresses 84,655
Cost per Address (Distribution Network Only) $1,300

Table22: Total Cost Estimatéor WirelessUnserved ModePR at Different Penetration Rates

Item Cost

Total Cost (Distribution Only) $111,000,000
Total Cost (35% Penetration) $164,200,000
Total Cost (60% Penetration) $202,300,000
Incremental Cost per Address (Distribution On $3,100
Per Customer (35% Penetration) $5,600
Per Customer (60% Penetration) $4,000

Our propagationanalysis predicts there woulstill be 40,865addresses, 0B3 percent, in the
unserved areas that would not be coverbg the CBR8equency bandrom the all selected
existingtowers. The followingable breaks down the results.

Table 10Predicted Coveagefor WirelessUnserved Model

Addresses Number
Total addresses in unserved area 125,520
Addresses served by CBRS band 84,655
Addresses not served by the CBRS band 40,865
Percent of addresses served 67%
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3.2.8 High-level coverage and cost estimate: Wireless Unserved Model 2 (Hybrid)

In thismodel, out of the 3,876 towers selected, we identified 638 optimum towers that could
serve more than five addressdsigure35 shows the resulting overall coveragéhe numler of
addresses served in thisodelis 44,447.

Figure35: Total Coverage Usirigkisting Towersfor WirelessUnserved ModeR (Hybrid)
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