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MEMORANDUM

This report was prepardy Adam Clarkof the Communications & Water Polidgranch

of the Office of Ratepayer Advocated (ORA) under the general supervision of Program &

Project SupervisoAna Maria Johnsam statement of qualificatiorfsom Adam Clarkis

presentedn Attachment A to thisestimony ORA is represented in this proceeding by legal

counsel Travis Foss

This supplementatestimony is comprised of the folving chapters:

Chapter

Description

Introduction : A brief introduction to the issues at hand, including the
assessment of competition in the telecommunications marketplace a
importance of separately evaluatiogadbandervices with advanced

communications capabilities. This chapter also presents the questior
this testimony seeks to address, including the substitutability of mobi

data service and wireline broadband services.

Discussion Presents the Feder al Com
declaration that mobile data servieslwireline broadband servicese
commentaryservices not substitutesthis chapter also analyzes the
capabilities of mobile data services as compared to wiretmedband
services, the manner in which providers sell the services, the manne
which users utilize the servicebge cost of servicegnd the purchasing

habits of consumers.

Conclusion A brief conclusion recapping main points and concluding
thatmobile data service is not a substitute for wireline broadband ser
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EXECUTIVE SUMMARY

The November 12, 201Grder Instituting Investigation into the State of Guatition
Among Telecommunications Providers in California, and to Consider and Resolve Questions
Raised in the Limited Rehearing of Decisior0®042( A Compet i ti on Ol | 0)

California Public Utilities Comimgatheri onés (ACP

information about the state obmpetition inthe telecommunications marketplace in California

and assess whethesmpetition exists and if has produced just and reasonable prces.

In theCompetition Ol) the Commission asks if wireless amleline services are
substitutes in the data markets, &ritisoi to what exten®? The Commission also asks,
A éwhether there are barriers to such substitution, and what the limits of such substitution might
be®® This testimony evaluates wireless mehilata servicésas compared to wireline broadband
servicesl discuss reports and data from the FCC and CRIa@ submitted by service providers
in response to thé P U Clisf@mation Requestsand other relevant data from publicly
available sourced his testimony compareservice availabilityspeeds, functional capabilities
prices and consumer choices. As demonstrated below, these service elememohilaidata

service a&omplemento, rather thara substitutefor, wireline broadband service

Key Findings

1 In September 2015, tlgPUCsubmitted comments to tikederal
Communications CommissiqiRCC)that include detailed,
technical data indicating that mobile data services are not a
sufficient substitute to wireline broadband services

1 TheFCCrecernly declaredhat mobile data servicesmdwireline
broadband services atemplementary services, andt functional

1 Order Instituting Investigation into the State of Competition Among Telecommunications Providers in
California, and to Consider and Resolve Questions Raised in the Limited Rehearing of Dee@on 08

042 1.12-:15007( ssued November 12, 2016) at 13 (hereinaft

21d. at 13.
31d. at 13.SeeFootnote 42.

‘“The phrase fAimobile data servicesodo refers to broac

or other IP applications through a mohiletwork, irrespective of data transfer speeds.
° Competition Oll at Appendix B.
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substitutes. The FCC also declasstyanced telecommunications
capability should be deemed deployed only in areas where
consumers have aess to both services

Wireline broadband far outperforms mobile data services in terms
of maximum, minimum and average data transfer sp&¥ulsline
broadbandervices frequently exceed speeds of 25 Mbps
download and 3 Mbps upload.

Mobile data servicaith speeds of at least 25 Mbps download and
3 Mbps uploads available inonly 2% to 4% of the service aea
of the four main providers.

Mobile data services do not match the quality of wireline
broadband services according to various technical measures,
including: latency, packet loss rates, consistency, and TCP failure
rates.

Providers of mobile broadband services
caps o0 tthe amount df data endsers consume each month;

wireline broadband service providers usually do nqitdse such

restrictions, oii if they doi the limits are far more lenient.

Consumers use mobile data serviaed wireline broadband
services for different purposes, suggesting the services are
complementary.

After accounting for differences in dataallances or download
speeds, mobile data services are significantly more expensive than
wireline broadband services.

Consumergrequentlypurchaséothmobile data service and
wireline broadband service

Considering mobile data service a substitutenioeline
broadband service will disproportionately harm {meome and
disadvantaged communities.

Organization of Report

Chapter | of this repoxtontainsa brief introductiorto the issues at hand, including the
assessment of competition in the telecomications marketplace and the importance of

separately evaluating data services with advanced communications capabilities. This chapter also

2
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presents the questions that this testimony seeks to address, including the substitutability of

mobile data servicena wireline broadband services.

Chapter llpresents th& C C deslaration that mobile data services are commentary, and
not substitutes to, wireline broadband services. This chapter also analyzes the capabilities of
mobile data services as compared to hvieebroadband services, the manner in which providers
sell the services, the manner in which users utilize the sertheespst of servicgnd the

purchasing habits of consumers.

Chapter llirecaps the main points presented throughout this reportoaatudes that

mobile data service is not a substitute for wireline broadband service.
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.  INTRODUCTION

In order for theCommissiorto assesthe state oEompetition in the telecommunications
marketplace in California, it must firsarefully identify therelevant services as well as the
needs and preferences of consumgssan initial step, the Commission explicitly nothe
evolution of the public switched telephone network into a rsgitvice platform capable of
providing a varty of voice, video and data services to consufh&he Commission also
recognizes the recent regulatory changes at the federal level, including the reclassification of
broadband as a telecommunications service bF@@’ As a result, th€PUCintendsto

evaluate the role of broadband in the telecommunications marketplace in Cafifornia.

Broadbandservicesprovidingadvanced telecommunications capabitiee the
cornerstone othetelecommunications industryheseservices provide a wide array of fitions
essential to everyday life, includiagplications related to emergency services, healthcare,
commerce, education, aethploymentToday, service providers provisitmoadbandervice
to consumerghrough a variety oplatforms, including: digitafubscriber line¢DSL), cable
modemes, satellite, fiber and wireless technologiBisesevariousplatforms provideifferent
levels of functionalityas is discussed belowo best serve the public interest, the CPUC should
assess competition in tbeleconmunicationsnarkeplacewith regard to reliable, high quality

dataservices that providadvanced telecommunications capabilities

Section 706 of the 1996 Federal Telecommunications Act defines thadeemced
telecommunications capabilitys , -$p&ed, switched, broadband telecommunications
capability that enables users to originate and receiveduglhty voice, data, graphics, and video

tel ecommuni cat i on s®ThesFC@ spt the suyrent speechbencHmark fgr. o

& Competition Oll at 8.
T1d. at 8.
8d. at Appendix B.

2 FCCConsumer Guide: Getting Broadbar@onsumer and Governmental Affairs Bureau (November 4,
2015) at 1. Available dittp://transition.fcc.gov/cgb/consumerfacts/highspeedinternet.pdf

' See47 U.S.C. § 1302(4)).
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wireline (fixed) broadbagh services with advancedéeommunications capabilities 256 Mbps

download and 3 Mbps uplog@85/3 Mbps):

In theCompetition Ol the Commissionasks[ h] ow muc h

advanced telecommunications services at the present natiandard of 25 Mbps down (and 3

Mb p s %6 Thé Commission also askswireless and wireline services are substitutes in the

data marketsandi if soi towhatexter®@2 Fur t her |,

t he Cwhether theseiame n
barriers to such substitution, anthat the limits of such substitution might @& ORA testimony

of Dr. Lee Selwyn address#sese questions with respectMuceservices

This testimonyevaluatesvirelessmobile dataservices as compared to wireline

broadbandervicedike cable modemnfjber, and DSLI discusgeports and data from the FCC

and CPUCdata submitted by service providers in response tG thdJ Clidfagmation

Requests? and other relevant data from publicly available sourEkis testimony compares

serviceavailability, speeds, functional capabilitigzrices and consumehoices As

demonstrated below, these service elements makéle broadband seng@acomplemento,

rather thara substitutefor, wireline broadband services

H|n the Matter of Inquiry Concerning the Deployment of Advanced Telecommunications Capability to

competi tion

ask

All Americans in a Reasonable and Timely Fashion, and Paossible Steps to Accelerate Such Deployment

Pursuant to Section 706 of the TelecommunicationefAt®96, as Amended by the Broadband Data

Improvement A¢2016 Broadband Progress Report, GN Docket N5 FCC 165, (rel. Jan. 29,
2016) (heGlk6 narfdeedham® Progress Report o)

12 Competition Oll at 13.

21d. at 13.

1d. at 13.SeeFodnote 42.

1 Competition Oll at Appendix B.

at

3.
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II. DISCUSSION

In severalnstances, the Commissianrrectlyrecognizes thanobiledata services are

likely nota substitute to wireline broadbaservices For example, th€ompetition Ollstates:

AA majority of Americans subscribe to w
although many may &scribe to another broadband or telephone

service for increased reliability, accessibility in the home, and/or

the increased bandwidth available through fiber and coaxial cable.

It has been said that more spectrum is available on one strand of

fiber than o all spectrum deployed today for wireless

communication in the United Statesé Whi
broadband providers, particularly those using cable or fiber, may

offer broadband speeds for 50, 100, 500 Mbps symmetrical or

more, few wireless broadband sers offer speeds of more than

25 Mbps down, and fewer offer 25 Mbps ubhese differences in

speed, capability, and availability may influence

telecommunications and broadband competition, particularly

as high-bandwidth applications and uses (teleeducation and

tele-medicine, for instance) become more prevalentThe

impact of data usage caps on some services and not others will also

be exatined. o

Furthermore, in September 2015, the Commission submitted comments to the FCC that
include detailed, technicdhata indicating that mobildataserviceis nota sufficient substitute to
wireline broadband servi¢é Those comments are attached hereto as AttachméihteB.
Commissiol analysisof mobiledataservices in Californiaincludes recommendations bow

and what to measure to determihe qudity and reliability ofmobile dataservices.

The CPUCultimatelyr ec ommended, @nAnét he FCC dmobiler its
data servicem its definition of advanced telecommunications capability untiRGE confirms
that it has reliable mobile data, 2ahea@rPugas fir

made this recommendation based, in part, on the findings and analysi€Caf$fREED data

18 Competition Oll at 13 and 1&eeFootnote 42. (Emphasis added.)

X Comments of the California Public Utilities Commissitmthe Matter of In Inquiry Concerning the

Deployment oAdvanced Telecommunications @apity to All Americans in a Reasonable and Timely

Fashion, and Possible Steps to Accelerate Such Deployment Pursuant to Section 706 of the
Telecommunications Act of 1996, as Amended bBribeédband Data Improvement AGN Docket No.
15191,(Septembel5,2019 ( hereinafter, ASeaptember 2015 Commer

BCPUCbHs Se p tCemmemtdo the FACC &t 3.

-1
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ACPUC Communications Diveesion (CD) staf
studying broadband measurement techniques, particularly with

regard tanobilebroadbandervice, for several years. Staff has: 1)

created and implemented CalSPEED, a project to meambie

data servicethroughput, quality and reliability data fdret four

national carriers; 2) published a mobile cresalircing

application; and 3) performed seamnnual field testing ahobile

broadbandervice quality in urban, rural and tribal areas

throughout the state of California. Every six months since 2012,

CPUC Staff have collected approximately 2,000,000 test results at

the same 1,986 | ocations throughout Cal
CPUC Staff have developed anlame tool, CalSPEED.org, to

collect fixed broadband service speed, quality and reliability

informat i on using the same teXting protocol

CD6s findings also incorporate analysis pe
Novarum, Inc., and CPUC consultants at California State University at Monterey Bay and the
Geographic Information @¢erat CSU ChicoMr . Bi d astotFalla201d4 CaySPEED
dat&£®and Spring 2015 CalSPEED ddtareattached hereto as Attachmena@ Attachment
D, respectivelyTheSection I}B below, which discusses the technical limitationsradbile data

servicejncorporateCDdé6s f i ndi ngs.

A. The FCC DeclaresMobile Data Services areNot a Functional
Substitute for Wireline Broadband Service

Recently, heFCCreleased it2016 Broadband Progress Repmhcludng thatmobile
data services amota functional equivalent to wireline broadband servié@he FCCstates:

AWe find t ha tmobileaddtasgrvideasreofted usedn d

in conjunction with one another and, as sk, not functional
substitutes We base this finding on the capabégiboth services

offer to consumers, the manner in which these services are
marketed to and used by consumers, and evidence suggesting that
consumers overwhelmingly purchase both services when they have
the financial means. Taken together, fixed arabile data services

21d. at 2.
2 Biba, Ken,CalSPEED: California Mobile BroadbaridAn AssessmeitFall 2014 (June 2015)
(hereinafter, fA2014 Cal SPEED Reporto).

4 Biba, Ken,CalSPEED: California Mobile BroadbaridAn AssessmeitSpring 2015December
2015) (hereinafter, 2015 Cal SPEED Reporto).

22016 Broadband Progress Report at 12.

-2
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are currently tailored to serve different consumer needs. Finally,
we find that fixed ananobile data servicesach provide essential
components of advanced telecommunications capability, and that,
as suchadvanced telecommunications capabiy should be

deemed deployed only in areas where consumers have access to
both services as defined herein®d

As stated above, the FCC relied on three categories of evidence to determine that mobile

and wirelinebroadbandgervices areomplementsand notsubstitutable services

1. The capabilitie®f wireline versusnobile data services
2. Service constraints and dé&yday utility; and,

3. Consumer behavior.

The sections below discuss these three categories of eviglethaecorporatt he FCCO s
underlyingdataCDo6s f i ndings from the Cal SPEED project
providers in response t o t haadotBeorslenansdatoorn 6 s | nf

publically availablesources.

B. Mobile and Wireline Broadband are Not Substitutes Due to the
Unique Capabilities of EachService

Mobile data serviceand wireline broadbarngervices eacprovide consumers with
connectivity to the Internet and the ability to utilize otheeffabled applications. Mobile service
provides ad users with theniquebenefitof an untethered and mobile connection, but generally
fails to match the performance level of wireline service (as is discussed below). As a result,
wireline andmobile data servicgzrovidedissimilar,yet partially overlaping,capabilities. This
dynamic is evidence that mobikata serviceand wireline broadband services acanpliments,
rather tharfunctional substitutes.

1. Service Availability

Service availabilitys the most important characteristic of any broadbandcee A
broadband service must be available in order for consumers to utilize the various capabilities of

that serviceThe Commission seeks to assess competiaiween broadband service providers

22016 Broadband Progress Repirfl2. (Emphasis added.)

-3
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offering speedsf at leas25/3 Mbps* Mobile data serice with speed of 25/3 Mbpsis not

available in the vast majorityf the stateCalSPEED data demonstrates that mobile data service
at speeds of 25/ 3 Mbps
2% of areas served by SpriitMobile and AT&TZ

i s avail abl e

in 4%

Even considering the modest speed of 6 Mbps download and 1.5 Mbps tipéoad,

availability of mobile data servicds far behind the availability ofvireline servicesIn

California, nearly 98% of urban househo#isserved by wireline broadband at speeds of at

least 6 Mbps download and 1.5 Mbps upléh contrast, only 16% of urban households were

served bymobile data servicestthosespeed$! A similar juxtaposition is true for rural

households, as well. Nea#y8% of rural households are served by wireline broadband at speeds

of at least 6 Mbps download and 1.5 Mbps upload, while b5}y are served bsobile data

servicesat similar speed€ Clearly, the availability of wireline broadband far exceeds that of

mobile data servicesvenat the modest speeds of 6 Mbps download and 1.5 Mbps upload.

2. Data Transfer Speeds

TheCompetitionOlin ot es t he

FCCoOs

recent

updat e

telecommunications capabilities to indeibenchmark broadband speetigs/3 Mbps2® As

t

of

0]

menti oned above, t hhdes@muemined wadband providerseparticuldrly w ]

those using cable or fiber, may offer broadband speeds for 50, 100, 500 Mbps symmetrical or

more, few wireless broadband services offer speedwre than 25 Mbps daw and fewer offer

25 Mb pSindeeg, viréline broadband far outperformsobile data servicea terms of data

transfer speeds.

2 Competition Oll at 13
%2015 CalSPEED Report at 7.

% california Advanced Services Fund 2015 Annual Report, Communications Division, California Public

Utilities Commission (April 1, 2016) at 3
Zd.at3
Bd.at3

2 Competition Oll at 8See also2016 Broadband ProgreBeportat 3.

30 Competition Oll at 13 and 1&eeFootnote 42.

-4
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The four large largest providers serve ov2d3nillion mobile data subscriptions in
California. TheTablel below depics$ the distribution of those subscriptions according to the

averagespeed of the mobile data service.

Table 1. Mobile Data Subscriptions by Speed Ti€alifornia)*

Download Speed Total Percent of
Tier Upload Speeds Subscribers Subscriptions

Less than 2 Mbps Less than 0.4 Mbps 2,305997 7.1%
2 to 5.9 Mbps Less than 3.4 Mbps 10,801,706 33.3%
6 to 9.9 Mbps Less than 3.4 Mbps 6,044,062 18.6%
10to 12.9 Mbps  Less than 3.4 Mbps 13,324,760 41.0%

As shown above, theveragespeeds for mobile data services in California generally do
not exceed 13 Mbps download and 3.5 Mbps upload. Conversedyine broadband with
speeds of at | east 25/ 3 Mbps i $ Aadwhiel abl e to
technological advanceants will eventually elevate speeds for both mobile and wireline services,
recent trends demonstrate thatbile speedbavedramaticallydecreasedn recent years&?
C D GCsISPEED data demonstrates:
Major carriers are showing decreasing mean throughput. This
slowdown in performance has been apparent for the last two
measurement rounds and appears to be a trend. Detailed analysis
suggests this is coming from throttling

This trend of decreasing throughput appears not to be isolated to
just one geographic categ

To d a mabite data servicedo not provide speeds sufficientaocommodate all of the

advanced capabilities that are possible with wireline broadband services, selemaslicine

8 customers do not necessarily subscribe to a speed tier; rather, service providers reported the actual
(average) speeds experienced per subscription of mobile data service based on therresuits t he F CCo
Measuring Broadband America program or some other measurement of past perfofizaialede.

includes mobile data subscriptionsAF&T, Sprint, T-Mobile & Verizon Wirelessas of December 31,
2015.Seeresponses to the CPUC Information Reques? (March 15, 2016).

% Direct Testimony of Dr. Lee L. Selwyn on behalf of ORA (June 1, 2016) at 47 in Table 8.

See alsoCalifornia Advanced Services Fund 2015 Annual Report, Communications Division, California
Public Utilities Commission (April 1,216) at 38

332015 CalSPEED Report at 3.
#|d. at 1-4.
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remote education artdgh definition video streaming he FCC set the benchmark feireline
broadband services providiaglvanced teleanmunications capabilities at 25/3 Mhpsorder to
account fothe needs of the average houseRolis noted abovanobile data servicesrely
offers speeds greater than 6 Mbps downl@éuals,mobile data servicedo not provide the same

capabilitiesaswireline broadband servise

3. Quality of Service

Data transfespeeds arenly one piece of the puzzle whassessinghe capabilities of
broadband serviseA more accurate assessment of a particular broadimawiteshould
include additional metrics tmore accuratelgauge the capabilities and quality of the service.
For example,ite CPUC urges the uselafencyandconsistencys part of the criteria defining

fadvanced tel ecommuni wilindanodmsbiledaspeavics i t y o

In addition to da&transfer speeds, éltapabilitiesof a broadbad service (mobile or

otherwise) also depend on tfidlowing factors:

1 Latencyi The delay from inputo outcomethe amount ofime it
takes for a packet afata to travel across a netwofitgm one
designated point to another

1 Packet Loss Raté Therate at whiclone or more transmitted
packetdails to arrive at their destination.

1 Consistencyi Transmission Control Protocol (TC&#roughput
variation;Average actual data transfer speedregped as a
percentage of maximum data transfer speed.

1 Reliability T The rate at which a device fails to establish a
connection with an Internet protocol address; when arusedis
unable to access a web site on their broadband connected device.

I. Latency & Packet Loss Rate

Latency measures the amountiofe it takes for a packet of data to travel across a
network,from one designated point to anoth&he Packet Loss Rate is similar, but instead

measures the rate at which data packets fail to arriveiatdistination.

%2015 Broadband Progress Report at 3.
% C P U CSetember 2015 Commertsthe FCC at 20

I1-6
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Latency and packet loss rates are two important measures of the quality of broadband

connectionskor both factors, a lower measurement indicates a higher quality of service. Poor

latency and/or packet loss rates can himagarecludecertain capabilities of a broadband

connectiongven if theconnectiorprovides fastlata transfespeedsHighly interactive or eal

time applications, like video and voice communicatisaguiresufficient latency and packet

loss rates to function propegrl

Wireline broadbandonnection$avelow latency and low packet loss rates, even during

times of peak usag® As such, wireline broadband services are well suited to accommodate

highly interactive applicationsncluding IRenabled voice communicatiofdolP). Conversely,

wirelessdataservices frequently operate with much higher (lower quality) latency and packet

loss rates than wireline services discussed below

In its assessment of CalSPEED data, CD meagheddtencyandpacket lossates of
Op i n(M@Shfor Gadong laedtions® CD useshe

MOS to determine if the quality of a connectimrsufficient forVolP applicationsThe MOS is

mobile services t@alculae ail Me a n

a vabie between zero and five, with fivepresenting the optimatore andour representing the

lowestacceptabl@erformancedor VolP communicationg?

The four majomobile dateservice providerfailed to achievéMOS scores of four or

betteri indicatingthe service isiot suitable for VolP communicatiorisin five to 25%of tested

locations throughout the stéf&The CalSPEED data also demonstrates thutile dataservice

is not suitable for VolP communication in a significant percentage of rural and tribaf*sfeas

Mobil e 6 s smtrswtable for VolB communications at nge35% of rurallocationswhere

serviceisavailablgnd Sprint és

ser vi

cueal locationswbete sesvice is a b |

3T FCC,2015 Measuring Broadband America Fixed Broadband Report: A Report on Consumer Fixed
BroadbandPerformance in the United Statesh er ei nafter, 12015 Measuring
19. Available atttps://www.fcc.gov/reportsesearch/reports/measuribgpadbaneamerica/measuring

broadbaneamerica2015

8 C P U CSemtember 2015 Commeritsthe FCC at 5 to.7

¥ VolP communications refers to ovéretop applications allowing for Henabled voice services, and
does not refer to staard cellular phone voice serviéee f e r

the FCC at 5SeeFootnote 11.
402015 CalSPEED Report at 11.
41d. at 11.
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available.Tribal lands fared worse than rural areadvidbiled s s e novsuitabde for \&IP
communications at al most 80% of tribal |l ands
is not suitable for VolP communications throughout nearly a quarter of tribal lands where service

is available.

ii. Consistency

Consistency conveys aaltatatransfdr speedxpressed as@ct i on
percentage ahe maximum data transfer speed.other words, consistency measures the
stability of a br oAldweacandistenay scareiodicatbstad s s peed.
connectiondbs speed fluctuated, while a higher

provided steady data transfer speeds.

Wireline broadband connections offer fairly high rates of consistency, especially cable
and fiber services, as notby the FCC:
ACustomers of Cablevision, Comcast, or
experienced actual download speeds that are very consistent; over
80% of their customers experienced actual download speeds at or
above advertised download speeds during at least 8%8é peak
usage Period. o
Mobile dataserviceson the other hando not offer the samigigh levels of consistency
as wireline services CD6s Cal SPEED data indicates that t|
upload or download speeds @@ representative of the consumer experietfidéhe data transfer
speeds odmobile dataservice can vary widelgiepending on a host of facto@& D &26814
CalSPEED Report natéhe performance of anobile dataservice varies depending on the
following factors:

Location of the end usgr
Choice of carrier

Location of the used server
Session Variationand,

Time of day?**

= =4 =4 8 A

422015 Measuring Broadband Report at 16.
4 C P U CSemtember 2015 Commerttsthe FCC at 2.
442014 CalSEED Report at 3.
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The2014CalSPEED Reportoncludes that variance between 25% and 50% can be

considereditypicald for mobile dataservice*® This problem isven more pronounced in rural

areas, where speeds at a particular location can vary by more thawi@i?a 30 minute

timeframe®® The 2015 CalSPEEBeportreaffirmed tleseconclusiors, and only foundi mo d e s t

improvemenbon t he very highH end of

the variation. 0

The issue of poor speed consistency is compoubdeausenobile dataservices

generally offer data transfer speeds tiegadyfall well belowthe speeds ahany wireline

broadband connectionas previously ned* In all, the capabilities afobile data servicesre

potentiallyimpairedby poor consistency, especially for speed sensitive applications, as

compared to wireline broadband services.

iii. Reliability

The reliability of a broadband connection measure$rémgiency ofunctional

availability A ATCP failure

rateo i s

a commo#lAy used

TCP failure rate measures the rate at which a TCP connection failure occurs when a user is

attempting to access a website from a mohitaviser.

Mobile dataservicesare reliant on a signal from a radio access network, and signal

conditions or fluctuations correlate with connection failures andoss a resultmobile data

servicexan experience highCP failure rates, which indicatev levels of service reliability.

Most notably, ural areas experience TCP connection failurésiattimesthe rate of urban

£1d. at 9.

4 C P U CSemtember 2015 Commertsthe FCC at 9.

472015 CalSPEED Report atl®.
48 Refer to Section 4B-2 of this report.

492015 CalSPEED ReportatSeeF 0 ot not e
Internet is TCR Transmission Control Protocol. It provides reliable delivery of an ordered stream of

bytes and is the foundation service for web browsing, most streaming media servide$ylesma most

other user Internet services. CalSPEED measures TCP quality in several ways: the failure rate of making

a connection, and the consistency of the throughput during the conndcttom oughput vari ati o

7

AThe

fundament al reliab

%0 Baltrunas, Elmokashfi and Kvanlbeideasuring the Reliability of Mobile Broadband Networks,
Simula Research Laboratoffovember 2014) at 46. Available at

http://dx.doi.org/10.1145/2663716.2663725
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areas! CalSPEED data demonstrathatall four ofthe leadingnobile data servicgsroviders

experience TCRailure rates irexcess of 10% (statewide), and above 15% in rural Afeas

High TCP failure ratesanimpairthe capabilities of thenobile dataservicego the point
of sporadic inoperabilityAs a result, consumers cannot always relynmbile data services

sufficiertly replace wireline broadband services.

4. Urban vs Rural Areas

CalSPEEDdatashow thathe quality ofmobile data servicda rural areas significantly
and consistently trails that of urban areas, across nearly all metoesl{ng data transfer
speedslatency packet lossand TCP falure ratg.>® The lesser quality of service is due, at least
in part, to the older radio access technology and slower backhaul serving ruraf airese
legacy networks onlgffer very poor qualitynobile data servicedueto dramatically longer
latencies and much slower spe&tigolP services araearlyimpossible on these legacy
networks and streaming video service unlikely to deliver acceptable quhdftyitunately, older
legacy networks are no longer being replasét newer technoldgs at a significant rate, if at

all >

Long Term Evolution (LTE) is a 4G wireless communications starassdciated with
some ofthe highest qualitynobile data servicesvailable today’ Each of the four majanobile
dataservice preoiders offes LTE service in urban areas with higher population denbitydo
notprovide LTE servicén approximately 3% to 64% of theirural service territory® An
analysis of CalSPEED data from 2015 finds that LTE penetration has peaked in botAndba

rural areas® which suggests many rural areas will continue to receive a lower quality of service

51 2015CalSPEED Report at 9

21d. at 9.

532014 CalSPEED Repaat 1213. See alsp2015 CalSPEED Report at 9 and1iA
% C P U CSemtember 2015 Commertsthe FCC at 6.

22015 CalSPEED Report at 12.

01d. at 11.

57 Seehttp://www.verizonwireless.com/support4iapbile-broadbandags!

82014 CalSPEED Report at 13.

92015 CalSPEED Report at 12.

[1-10


http://www.verizonwireless.com/support/4g-mobile-broadband-faqs/

© 00 N o o0~ WDNPE

10

11
12
13
14
15
16
17
18

19
20
21
22
23
24

C. The Manner in Which Mobile and Wireline Broadband Services

Are Sold to and Used by Consumers Indicates the ServiceseA

Not Substitutes

Mobile data sefices differ from wireline broadband services dudissimilar pricing

modelsandcost of serviceThe dissimilar pricing conventions, in conjunction wttle

aforementionedifferences in capabilitiegffect the ways in which consumers utilize the

servicesAs a result, consumers use mobile data serandsvireline broadband servicésr

different needs and purposé&$is dynamids additionalevidence thamobile data service is not

an adequate substitute for wireline broadband service.

1. Data Caps

Mobile data services do not provide the same level of functionality as wireline broadband

services, in part, due to restrictions on total data consumption per month. Service providers

frequently limit the capabilities of mobile data services by plagngtt r i ct i ons, cal

Caps, 0 on total dat a

consumpti on

per

mont h.

limitations of mobile data services networks. Mobile data services networks function with

stricter capacity and congestion limitationsrthereline broadband networRSWireline

broadband services frequently do not have Data Caps, and, when they do, the caps are usually

significantly higher than those associated with mobile data seffices.

Data Caps directly affect how consumers utilizeslolband services, as evidenced by the

stark differences in the average amount of data consumed on mobile versus wireline broadband

services. Fixed (including wireline) broadband consumers use an average of 57.4 gigabyte (GB)

of data per month per househ8fdvhile mobile data consumers use 1.9 GB of data per n§dnth.

This disparity is significant even after accounting for the possibility of multiple users in a single

household. This disparity in data consumption is evidence that consumers use mobile and

82016 Broadband Progress Report at 15.
&1d. at 15.

82 sandvindncorporated ULCGlobal Internet Phenomena Report: 2H 2qNovember 21, 2014) at 5.
Available athttps://www.sandvine.com/downloads/geaiégiobatinternetphenomena/2014/2P014

globatinternetphenomenaeport.pdf

8 GSM AssociationThe Mobile Economy North America 20PB15) at 11. Available at

http://gsmamobileeconomy.com/mloamerica/
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wireline broadband services for different purposes. For examgMnhbile, a leading mobile

data services provider, explains:

A[ Cl onsumers generally access different

different devices depending on the nature of their broadband
connectim. For example, fixed services allow consumers to view

high definition video for larger screens and download and share

large files, while mobile data services powers smartphones,

wearable devices, mobile health monitoring, video suitable for

smaller screemand countless locatidna s ed s r vi ces. o

Additionally, a recent survey of 2,149

about which applications are better sui

both a home broadbamdnnection and a smartphone prefer to use the former for looking for

information, watching video, or shopping, while the latter is used more for straying in touch with

ot h &t stdy, which is attached hereto at Attachment E, also concludes thaheoms

view home broadband service and smartphones as complementary means to access tfié Internet.

Figure 1 below depicts the top 15 types of mobile applications and websites accessed by

smartphone users as of September 2015.

5 SeeReply Comments of ‘Mobile USA, Inc in FCGGN Docket No. 15191 (September 30, 2015) at 3.
8 John Horrigan, PhCmartphones and Broadband: Tech Users See Them as Complements and Very

Few Would Give Up Their Home Broadband Subscriptidraivor of Their Smartphon@ovember
2014) at 6.

81d. at 2.
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Figure 1. Top 15 Uses for Mobdl Data on Smartphorfés
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Consumers use mobile data services for applications that are conducive to mobile service
and devices. As such, the top 15 applications of mobile data services do not include many data
intensive applications that require a higiraity broadband connection.d¥anced
telecommunicatiogapabilities, which mobile data services generally do not (independently)
provide, include many daiatensive applications, such as high definition video streaming,
online gaming, video conferencing, NR telehealth, telecommute and various educational
applications. Consumers usage patterns provide further evidence that mobile data services,
although extremely useful, do not sufficiently accommodate thoserdatesive applications.

This is additionakvidence that mobile data services are not a sufficient substitute for wireline

broadband services.

2. Cost of Service

The price of mobile data service depends on many factors; service providers offer various
levels of service at different price points, arefuently change prices or offer limitéiche

promotionalpricing?® On average, wbile data subscribers pay $69 per month (excluding taxes

YFcC6s 2015 Mobile Competition Report at 94.

% |n the Matter olmplementation of Section 6002(b) of the OmnBudget Reconciliation Act of 1993

and Annual Report and Analysis of CompetitMarketConditions With Respect to Mobile Wireless,
Including Commercial Mobile ServicdsighteenttReport,WT Docket No. 15191,DA 15-1487, (rel.
Dec.23,201p (her @i0onadf tMeb, |® Compel7i ti on Reporto) at
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and surcharges) per unique subscriptfiHowever, in order to perform an applesapples
comparison of the cost afiobile data services and wireline broadband services, the Commission
should first account for differences in service capabilities and pricing converiignese2

below depicts the average and median monthly recurring costs of mobile data servicedealongsi
wireline broadband services, according to the download speeds of 339 service plans available in

California.

Figure 2. Cost of Download Speed per Month (Dollar per MBps)

$20.00
$15.00
$10.00 +—— — —
$5.00 I 7.— —
so00 | HEEEETES =m0
Average Median
m Cable $2.77 $2.33
m DSL $11.73 $6.65
FTTH $3.19 $1.33
B Mobile Data $17.90 $14.38

Normalizing the prices of mobile data services and wireline broadband services to
account for the significant differences in download speeds provides additional evidence that a
mobile data service is not a sufficient substitute for wireline broadband. Righm/e depicts
the average cost of services according to the download sptet service. In this comparison,
mobile data services are by far the most expensive; the median price of mobile data services per
1 Mbps of download speed is over 13 times higher than FoVét, six times higher than cable

broadband serviceandover duble that of DSL services

% GSM AssociationThe Mobile Econmy North America 2018015) at 12. Available at
http://gsmamobileeconomy.com/northamerica/

0 Cable, FTTH and DSL speeds and prices reflect the service plans of 11 major providers, as reported in
t h e RE@EWBran Rate Survey for Fixed Voice and Broadband SeifApes 5, 2016), which is
available abttps://www.fcc.gov/general/urbamate surveydataresources

Mobile data prices reflect the monthly rates of goaid service plans for a mobile smartphone (as of
May 24, 2016) of Verizon Wireless, AT&T/Cingular, Sprint and/idbile. See Attachment F for more
information.

Mobile data download speeds are as report@did CalSPEED Reparseeli Me an Downstr eam
Throughput (Phone)o at 3.
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Next, Table 2below depicts the average and median monthly recurring costs of mobile
data services alongside wireline broadband services, according to the data allowances of 339

service plans available in California.

Table 2 Cost of Data Allowance per Month (Dollar per GB)

Service Type Average Median

Cable $1.50 $0.33
DSL $0.34 $0.33
FTTH * n/a n/a
Mobile Data $21.98 $8.75

*FTTH service plans offer unlimited data.
For services that offer unlimited data allowance per month, Fynedow depicts the
average and median monthly recurring costs of 339 service plans avail@aléannia

including both mobile data services and wireline broadband services.

Figure 3. Cost of Unlimited Data Allowance per Mo#th

$120.00
$80.00 —
$40.00 +— — —
$0.00 - :

Average Median

H Cable $64.25 $67.99

m DSL $47.30 $39.95

FTTH $65.69 $44.95

= Mobile Data $97.50 $97.50

Again, normalizing the prices of mobile data services and wireline broadband services to
account for the significant differences in data allowances (Data Caps) provides additional
evidence that a mobile data service is not a sufficient substitute foneibebadband. Mobile
data plans that offer unlimited monthly data allowancdarmore expensive than wireline
broadband services. For those unlimited data ptaesnedian cost ohobile data services are

over26times more expensiiban DSL and Cablbroadband services. Likewise, for plans with
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data caps, the median cost of mobile data services are 1.5 to 2.5 times more expensive than
FTTH, DSL and Cable broadband services.

In all, the cost of service, when normalized for capabilities and dataaslt®myis further

evidence that a mobile data service is not a sufficient substitute for wireline broadband service.

D. Consumers Purchase Both Mobile and Wireline Broadband
Services whenThey Have theFinancial M eans

If mobile dataservice were a sufficientbstitute for wireline service and also afforded
usersthe addional benefit of mobility, mangonsumers would forgo wireline subscriptions to
avoid the cost of purchasing a redundant seryv
demonstrate thahts is not the cas@sconsumers generally choosepurchase both mobiknd
wireline broadband services, when possiBlgproximately83 percentof residentiakconsumers

with mobile data servicesonnections also have broadband at héine

Mobile dataservicessubscriptionandwireline broadband subscriptions are increasing,
year over yeariThe toptelecommunicationand cable companies added more than 3.1 million
wireline broadband subscriptions nationwide in 2618 obile data servicesonnections ab
grew, with the percentage of mobile phones classified as smartphones increasibg fremcent
in 2013to 77 percent in 2015.

Consumers wartiothmobility and high performanderoadbanaonnectionsAs
previously demonstratedjobile dataserviceggenerally fail to provide the same level of quality,
reliability and performance as wireline connections. Still, the demand for and importance of
mobile dataservicesare clear. Thus, abile and wireline are complementary goods for the

majority of consumes.

3 John Horrigan, PhCBroadband Adoption and Usage: What Has Four Years Taugh{2043) at 34.
Available at
http://moody.utexas.edu/sites/communication.utexas.edu/files/images/content/tipi/Horrigan.FCC .Summi

t.02.06.pdf

™ eichtmanRese&ch Group, IncPress Release: 3.1 Million Added Broadband from Top Providers in
2015(March 11, 2015 Available athttp://www.leichtmanresearch.com/press/031116release.html

5 Ericsson Mobility Report: On the Pulse of the Networked Society (November 2015) at 2. Available at
http://www.ericsson.com/res/docs/2015/mobiligpoit/ericssormobility-reportnov-2015. pdf
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1. Considering Mobile Data Servicesa Substitute for Wireline Broadband
will Disproportionately Harm Low -Income and Disadvantaged
Consumers

Characterizingnobileand wirelinebroadbandhs substitutes migltreate a new variation
of the classic digital @ided dilemma. In this new divide, people that can afford bathile and
wireline servicewill enjoy benefits that are out of reach for people that must choose only one,

wireline or wireless.

There are several reasons why a person might have to chowsem®ne modality or
the other, most notably financial constraints and service availability. For consumers on the
wrong side of this new digital divide, the constraints typically lead to adoption of wireless, and

not wireline, broadband service.

A Ma nw-indoroe, minority, and other households choose not to
subscribe to fixedine broadband but have adopted smartphones
and other mobile devices to access the Internet. In part this is
becausenobile data servicesoverage helps fill in gaps left by
fixed-line service in some aredsit in larger part because of
consumer preferences given the options and price$

In 2013, households that made less than $25,000 per year werefinedityes more
likely to rely on a mobile service as their only form of broadband connection than households
that made more than $100,000 per yé#touseholds that made $25,000 to $49,999 per year
were four times more likely to rely on a mobile service as their only formoaidband

connection than households that made more than $100,000 pé? year.

The fact that many low inconteuseholdsire forcedo forgo wireline broadband
service, and only subscribe to wireless service, is problematic due to the significant shortcomings

of wirelessdata serviceas compared to wireline broadband.

8 prieger, Jamedhe Growth of the Broadband Internet Access Market in California: Deployment,
Competition, Adoption, and Challenges for Pgligpperdine University, School of Public Policy
(March 31, 2016) at.7Available athttp://digitalcommons.pepperdine.edu/sppworkingpag&mmphasis
added.)

US Census Bureau, Computer and Internet Use in the United States: 2013, American Community
Survey Reports (November 2014) at 9.

%1d. at 9.
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On average, households conneaiaty by wireless service receive a lower quality of
service™ higher price per GBonsumed? and slower speeffsthan households connected by
wireline servicesThese factors relegate wirelessly households to the wrong wide of this new
digital divide.

As broadband functionality expands, access to a high quality connection becomes even
more essential to everyday life. Users will increasingly rely on broadipptidations that
require a higkguality, fast connectiowithout significant limitations on consumptioklany
wirelessonly households are already at a disadvantage, and, in looking to the future, these
households are at risk of being left behiihthobile dataservice is considered a sufficient
substitute to wireline servic&hus,the Commission should recognize that wireldsts services

arenot a substitutdor wireline broadbandervice

9 Refer to Section 4B-3 of this report at pages# to I1-9.
8 Refer to Section 4C-2 of this report at pages-113 to 11-15.
8 Refer to Section 1B-2 of this report at pages-4i to 1I-6.
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Mobile data servicearenotfunctional equivalentdor wireline broadband services, and
as such cannot be considered a competitive choice to wireline broadibaedserviceprovide
someoverlapping functionalityput mobile data services do ravethe same capabilities as
wireline broadband service&.mobile data service generally cannwdtch the quality and
reliability of awireline broadband servicAs a resultmobile data servisdrequently fail to

provideadvanced communications capaliti

Mobile dataservicesdo not provide the same quality of service eglability as wireline
broadband serviceAfter normalizing prices taccount fordata allowances or download speeds,
mobile data serviceare significantly more expensive than vime broadband services.
Nonethelesanobile dataservicegrovide capabilities thatonsumersalue and wireline
broadband services do not provi@@nsumers frequently choose to subscrildeotta mobile
data service and a wireline broadband sen@aasequentlymobile and wireline broadband

services are best characterized as complementary services.
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My name is Adam Clark. | am currently employed by the CPUC as a Public Utility
Regulatory Analyst V assigned to the Communications and Water Policy Branch of the ORA. |
received a Bachelor of Arts Degree in Business Economics and Sociology from the University of

California at Santa Barbara in 2006.

| joined the CPUC in June of 20@8 a Regulatory Analyst in the Communications
Division, where | worked on various issues, including Harier compensation, public purpose
programs, and broadband depl oyment. I have pe
telecommunications anddmdband markets. | have also aided the CPUC in review of previously

proposed mergers and acquisitions. | joined ORA in October of 2014.
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1. INTRODUCTION
The California Public Utilities Commission (California or CPUC) submits these

comments in response to the Federal Communications Commission’s (FCC or Commission)
Eleventh Broadband Progress Notice of Inquiry (NOI) Concerning Deployment of Advanced
Telecommunications Capability Pursuant to Section 706 of the Telecommunications Act of
19961

As required by Section 706 of the Telecommunications Act of 1996, the FCC annually
reports to Congress on whether advanced telecommunications capability is being deployed to all
Americans in a reasonable and timely fashion.® In this NOI the FCC solicits data and
information that will help it make this annual determination. In particular, the FCC seeks
comments on whether “advanced telecommunications capability™ should include access to
mobile broadband service as well as fixed broadband service, what basic criteria the FCC should
use in defining advanced telecommunications capability, including speed, latency, and service
consistency, and the development of specific benchmarks to judge whether the criteria have been
met 2

California comments here on some, but not all, of the issues raised in the NOL. The
CPUC herein provides the FCC with data and analysis regarding the state of mobile broadband

service in California in order to inform the FCC’s decision on whether to require both types of

% In the Matter of Inquiry Concerning the Deployment of Advanced Telecommunications Capability to
All Americans in a Reasonable and Timely Fashion, Eleventh Broadband Progress Notice of Inquiry. GN
Docket No. 15-191, FCC 15-101, rel. Aug. 7, 2015 (NOI).

1 Section 706 of the Telecommunications Act of 1996, as amended (1996 Act), requires the Commission
to determine and report annually on “whether advanced telecommunications capability is being deployed
to all Americans in a reasonable and timely fashion.” See 47 US.C. § 1302(b).

INOLat¥%3and 4.



service, and on how and what to measure to determine quality and reliability of service, in
addition to speed.

CPUC Communications Division (CD) staff (Staff) have been studying broadband
measurement techniques, particularly with regard to mobile broadband service, for several years.
Staff has: 1) created and implemented CalSPEED, a project to measure mobile broadband
throughput, quality and reliability data for the four national carriers; 2) published a mobile
crowd-sourcing application; and 3) performed semi-annual field testing of mobile broadband
service quality in urban, rural and tribal areas throughout the state of Califomia. Every six
months since 2012, CPUC Staff have collected approximately 2,000,000 test results at the same
1,986 locations throughout California® Enhancements were made in our testing protocol prior to
the most recent field test to capture backhaul and middle mile information in order to compare its
urban, rural and tribal service characteristics and impacts. Analysis of the latest data collection
is currently under way.-2 In addition, CPUC Staft have developed an on-line tool,
CalSPEED.org. to collect fixed broadband service speed, quality and reliability information
using the same testing protocol as our mobile app.

Because of our CalSPEED program, the CPUC is in a unique position to provide
California data-driven recommendations to the FCC. Our data provides empirical evidence on
the FCC’s questions relating to how it should measure and analyze the quality of broadband
services. These comments rely on the analysis of CalSPEED data performed by CPUC Staft,
CPUC consultant Ken Biba at Novarum, Inc., and CPUC consultants at California State

University (CSU) at Monterey Bay and the Geographic Information Center at CSU Chico. Mr.

4 Test locations increased from 1,200 to 1,896 as of Fall 2013,

2 CalSPEED code and testing results are all open source. Data sets are available at
http:/'www.cpuc.ca.gov/PUC Telco/bb_dnvetest.htm.
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Biba’s analysis of Fall 2014 results is attached hereto as Attachment 1* Mr. Biba’s preliminary
analysis of the Spring 2015 field test results is also referenced in these comments.

While the CPUC does not take a position here on the question of whether both fixed and
mobile services should be included in the definition of “advanced telecommunications service,”
we recommend the FCC defer its decision on including mobile broadband in its definition of
advanced telecommunications capability until the FCC confirms that it has reliable mobile data,
and has first set mobile performance benchmarks. Finally, the CPUC urges the FCC to use
latency and consistency as part of the criteria defining “advanced telecommunications
capability”, both for fixed broadband services as well as mobile broadband services.

Silence on other questions posed by the FCC’s NOI signifies neither agreement nor
disagreement by the CPUC.

II.  DISCUSSION

A.  Criteria and Benchmarks for Assessing Advanced
Telecommunications Capability

Section 706 provides that advanced telecommunications capability “enables users to
originate and receive high-quality voice, data, graphics, and video telecommunications using any
technology.™ To date, the FCC has focused on upload and download speed benchmarks to
evaluate broadband services 2 This NOI asks whether the FCC should use additional criteria to
define advanced telecommunications capability, including latency, reliability and consistency of
service. The NOI asks whether and how to apply these criteria to both fixed and mobile

broadband services.

£ CalSPEED: California Mobile Broadband — An Assessment - Fall 2014, Ken Biba, Managing Director
and CTO Novarum, Inc.

ZNOL at 4 19, citing 47 US.C. § 1302(d)1).
L1d.




) | Mobile Broadband Service

a) CalSPEED Analysis — Deployment, Speed,
Quality and Reliability Trends in
California’s Mobile Broadband Marketplace

The CPUC analysis of the Fall 2014 and Spring 2015 CalSPEED field test results’ may
provide a fuller understanding of the state of mobile broadband service in California, and inform
the FCC’s decision on establishing mobile speed and performance benchmarks, as well as
whether to include mobile broadband in its definition of advanced telecommunications
capability. The CPUC began its testing program in the Spring of 2012, and recently completed
its seventh semi-annual field test in the Spring of 2015. During that time period, and from one
round of testing to the next, we have seen significant changes in average speed and quality of
service, particularly in urban areas. From the beginning of our program through Spring 2014,
service has generally improved over all metrics we use. However, while carriers have continued
deploying LTE, the technology in part responsible for the observed improvements, most rural
and tribal areas have been left out of high quality LTE coverage in some significant ways. And
beginning with the Spring 2014 field test, we have seen a slowdown in improvement, and
sometimes a reversal, in certain metrics.

Mr. Biba’s report titled CalSPEED: California Mobile Broadband - An Assessment - Fall

2014 (Assessment), which is attached to these comments, contains the following conclusions:

2 For other material regarding the CPUC's CalSPEED program and analysis of results, see also
Comments of California Public Utilitics Commussion fn the Marter of Inquiry Concerning the
Deployment of Advanced Telecommunications Capability to All Americans in a Reasonable and Timely
Fashion, and Possible Steps to Accelerate Such Deployment Pursuant to Section 706 of the
Telecommunications Act of 1996, as Amended by the Broadband Data Improvement Act, Tenth
Broadband Progress Notice of Inquiry, GN Docket No. 14-126, filed September 4, 2014, Comments of
the California Public Utilitics Commission, /nguiry Concerning Proposed Methodology for Connect
American High-Cost Universal Service Support Recipients 1o Measure Speed and Latency Performance to
Fixed Locations, WC Docket No. 10-90, (DA 14-1499), filed Dec. 22, 2014,




e Mobile broadband’s overall performance and quality has stopped
improving and shows signs of degradation.

e Mobile broadband continues trends of wide variation across California
among carriers, and locations of services, with a growing divide
between urban and rural service.

* Quality degradation is particularly noticeable in rural areas - in which
dropped connections can be 2x worse than in urban.

o Deployment of rural LTE shows signs of stalling.

o There is substantial variation among devices on the performance and
quality of service.

The graphs of mobile throughput below show that, for the first time, several carriers’

average measured speeds have stalled or even declined 2
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In evaluating CalSPEED service quality results, we examined three factors: TCP
connection failure rate, packet loss rate, and estimated Mean Opinion Score (MOS) for over the
top VoIP services™* The Assessment points to a recent drop in service quality in our Fall 2014

data. The first graph below illustrates the not only the increase in TCP failure rates overall, but

£ Spring 2015 preliminary results show reductions in speed for smartphones, while for newer tablet
devices, speeds increased. We are investigating why this is the case.

2 We estimate over the top Mean Opinion Score (MOS) using latency and packet loss measurements to
create an R value. Basc on the R value, we calculate a MOS value between zero and five. We consider a
MOS value greater than or equal to 4 as acceptable for voice communications. While we do not call out
latency separately here, poor latency affects MOS directly.




also the discrepancy between urban and rural®® areas, which continues to be roughly double. A

TCP failure happens when a user is unable to access a web site from a mobile browser. Often,

the browser progress bar stops, and the user needs to retry connecting to a particular site.
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In the next graph, we show the percentage of tested locations falling within each

provider’s stated coverage footprint where the estimated Mean Opinion Score is 4 or greater. As

with TCP failure rates, we see an overall decline in service quality by the decrease in the number

of locations that can support VoIP at an acceptable level, and, like TCP failure rates, the problem

is worse in rural areas than it is in urban areas. This is because of higher latency and higher

packet loss rates in rural areas, which may be attributable to older radio access technology and

slower backhaul connections.

£ We use the U.S. Census Burcau's designation of urban and rural areas. “Urban™ combines both urban
and suburban.
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While our Spring 2015 field test results seem to indicate an improvement in the number
of locations where estimated MOS is greater than or equal to 4, there are indications that rural
and tribal areas are being left behind in the carriers” network upgrade plans. In the six months
between our last two field tests, new LTE deployment in both urban and rural areas for the first
time shows no measurable improvement. We see this reflected in the number of test sites where
our LTE devices default to older, obsolete. 1, 2 and 3G technologies, reflecting the persistence of
legacy equipment and lack of upgrades. The following graphs show the level at which each
carrier has deployed LTE at our rural test locations. Even for the carrier with the most rural

service, almost 30% of our rural test locations are not serviced by LTE.
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b) Implications for Mobile Speed Benchmarks
The NOI seeks comment on various benchmarks the FCC should use to define advanced

telecommunications capability, in addition to speed.‘u The NOI proposes to retain the previous
10th Broadband Progress Report’s definition of wireline advanced communications capability —
upstream/downstream throughputs of at least 25/3 Mbps — for fixed terrestrial broadband
services# The FCC seeks comment on what speed benchmark it should apply to mobile
broadband services 1

The CPUC has used CalSPEED data and analysis to determine the impact of various
speed benchmarks (i.e., 6/1.5, 10/1, 25/3) being applied to mobile broadband coverage in
California. This analysis shows the impact of various benchmark speeds on the percentage of
California’s population and land area consistently receiving those benchmark speeds or higher.

Our analysis illustrates that mobile broadband is subject to extreme variability. Because
of this variability, use of mean speed alone is of little value, especially when using mean speed to

classify a particular area, such as a census block, as served by a provider. A consumer may

£ NOL at 99 22-30.
HNOIL at g 24.
ENOL at 99 27-30.
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receive 10/3 throughput one moment, but 5/1 the next, and 20/10 the moment after that.
Variance during a testing session of between 25% and 50% can be considered typical. as seen in
the following graph, but specific rural locations can sometimes see TCP throughput variations
during a single measurement session that exceed 200%. Such extremely high variances are
almost always located in rural or tribal locations. Unlike other mobile speed test apps,
CalSPEED tests to two servers, one located in Amazon Web Service's east coast location, and
one in the AWS west coast location. We have noticed significant differences in latency between
these two servers for some providers: however, there appears to be ongoing reductions in those

differences over time as providers place more focus on real-time services such as VoIp 2

% For an explanation of why testing to both cast and west coast servers is important, sec Novarum
Analysis Comparing Ookla, FCC, and CPUC's Mobile Speed Tests, available at
fip:/fip_cpuc.ca.govitelco/BB%20Mapping/ Field®:20Testing/Biba%20Mobile%20BB*20Comparison®s
209%6204%2014%20Filed®20(2).pdf.
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Just as carmer-provided maximum advertised speeds do not represent the typical user
experience, it is apparent that even the mean result of many repeated tests at a particular location
cannot be said to represent the typical user experience. 2 In light of such large variability the
question becomes, what is the typical consumer experience, and how should this be reflected in

throughput benchmarks?

£ Through its testing program, the CPUC has shown that carrier-reported “highest advertised speeds™
certainly are not representative of the typical user experience. The FCC similarly rejects the adequacy of
the carrier-reported maximum advertised speeds collected by the NTIA under its Broadband Data
Initiative, and instead requires carriers to report their lowest advertised speeds on FCC Form 477. The
FCC has not yet determined whether “lowest advertised speeds™ now being collected will be any better at
representing that experience.

The results of the FCC's data collections for the periods ending June 30, 2014, and December 31, 2014,

have not yet been reported by the FCC to the public, nor made available to state utility commissions. On
October 1, 2015, the FCC will collect yet another round of Form 477 data. These new data will be as of
June 30, 2015. Because of the rapid pace of change in deployment, usage patterns and technologies, the
FCC’s analysis of 1ts Form 477 mobile broadband data may well be badly out of date before it is
published and thus not representative of the current status of mobile services.

10
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The CPUC recommends that the FCC consider this variability phenomenon before
determining whether to apply the same benchmarks for mobile broadband service that it has
adopted for wireline, and before deciding whether to include mobile service in its definition of
“advanced telecommunications capability.”

The CPUC has found that average measured speeds are not representative of a
consumers’” actual mobile experience. Rather than use the mean throughput, CPUC Staff’s
analysis quantifies expected speeds at varying probabilities by taking into account the
distribution of throughput results around the mean in a single testing session. Thus, if the mean
throughput is 10/3, one standard deviation below the mean indicates that a consumer will receive
service at least as fast approximately 84% of the time &2

Similarly, CPUC Staff has calculated the throughput level represented by two standard
deviations below the tested mean, indicating that a consumer will receive service at least that fast
at a 98% confidence interval 2

For the purposes of determining whether a location has mobile service that meets the
California Advanced Services Fund 6/1.5 speed benchmarks, the CPUC has begun to use an
interpolation of CalSPEED measurements that lowers mean test results at each test point by two
standard deviations. Only if that adjusted number is 6/1.5 Mbps or greater. is the area deemed to
be “served,” and thus ineligible for a grant. To do otherwise would be to foreclose grants in

areas without fixed service gngd without adequate mobile service at “served™ levels. The CPUC’s

& Assuming a normal distribution of data, adopting a speed standard at either one or two standard
deviations below the mean provides that available speeds meet or exceed the speed standard 84 or 98% of
the time. Because test data is not normally distributed, the probability of availability will vary.

£ /d. By way of comparison, initial FirstNet specifications require service to first responders to have at
least 95% reliability.
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approach thus requires mobile broadband not only to have acceptable speeds, but also for those
speeds to be reliably and consistently available.

The following charts show the percentage of California’™s population and land area that is
“served” by Verizor®® at various downstream speed thresholds (6/1.5, 10/1 and 25/3) using both
the -1 and -2 standard deviation adjustment method & Areas shown in dark brown indicate
downstream speeds between 3 and & megabits per second. Light green represents 6-10 megabits
per second and dark green, 10-25 megabits per second. Notice the significant reduction in green

area in the second map (adjusted downward by 2 standard deviations rather than 1).

2 \we illustrate Verizon results here, as Verizon has the largest LTE coverage area among the four
national carmiers. Maps and coverage percentages for the other three are included in Attachment 1.

A Unlike the FCC, the CPUC uses the term “underserved™ to represent service with “broadband™ speeds
(e, greater than dial-up speeds), but at speeds below the CPUC™s “served” benchmark.
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