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Executive Summary

The California Public Utilities Commission (CPUC) is the California recipient of an $8,008{660

Broadband Data and Development Gramtarded by the National Telecommunications and Information
Administration (NTIA) under the AmericaRecovery and Reinvestment AGARRAOQ). The Grant funds

certain broadband mapping and planning projects through October, 2014. Approximately $1,500,000 of
the total grant is for a project to both create a mobile app that can be used by the publicite amehs

report actual mobile broadband connection quality, and for drive tests to be conducted by the CPUC at six
month intervals to measure service quality in urban and rural areas, and on tribal lands within the state.
Pursuant to the Grant, the CPUC tndediver a testing summary report for each round of testifigs

report is intended to fulfill that requirement.

The purpose of thiReportis to present the methods, procedures, results and fimtiaigs associated

with the Commi-anraal drivedesin May 2042, thesCPWO launchad first drive test to

study mobile broadbanglality across the state. Testers drove over 35,000 miles to take measurements at
1,200locations 84% urban 11%tribal and55% rural).Since thiswvas the fist ofa seriesirive testdo be
conducted over several yeaitds premature to dralengtermconclusions about any tfie four major
operatorgVerizon, AT&T, T-Mobile and Sprint)

However, preliminary results suggest the following:

f  The rollout of LongTerm Evolution Network¢LTE)" in urbanareas wa clearly evident and
contrasedstarkly with the considerably slower throughputunal and tribal areas

9 Verizon and AT&Tcovered the most locatioasidhad thehighest average throughputs, with
Verizon outperformingAT&T at the higher speeds, but AT&T delivering a much wider
geographic distribution of mictange speeds across the 1,200 locations we tested.

1 The number of locationmeeting thecombinedé megabit per second downstreahi.5 megabits
per secondbenchmarkon mobilewasstill very limited

1 Mobile Broadband Testing

Broadband access technologies fall into two categories: wireline and wireless. Wireless broadband access

is provided in two forms: fixed armobile. In California, mobile broadband is provided by cellular phone
service providers, also known as fdAterrestri al mo b
carriers in California are Verizon Wireless, AT&T Mobility, Sprint, andi©bile, although there are

others that may be available, such as MetroPCS, US Cellulafhettests include areas where carriers

! Further analysis is being done to quantify the area and number of households covered by LTE.

2FCC 11161, REPORT AND ORDER AND FURTHER NOTICE OF PROPOSED RULEMAKING, establishes a
benchmark of 6 megabits per second downstream and 1.5 upstream foahobddployments in later years of

Connect America Fund Phase Il. The same benchmark is used for certain California Advanced Services Fund grant
applications.
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offer roaming.Thesecarriers offer voice as well as data servides for this study we only measured
mobile broadband data sergielements

As defined by the FCC,obiles er vi ce qual i fies as Abroadbandodo i f t
kilobits per second or higher and upstream throughput is 200 kilobits per second or higher. For this study,

we collected measurements even wheytfell below this threshold. This included locations in

California where no effective service was available for any mobile operator.

Mobile broadband field testing is part of a larger broadband mapping project funded by a grant to the
California Public Uilities Commission (CPUC) from the National Telecommunications Information

Admi ni strationdéds (NTIA) State Broadband Data & De
program is to map broadband Internet access in all 50 states to facilitate eftheplogplic and policy

makers to increase broadband access. The CPUC collects broadband data from providers in California

two times a year and provides that data to the NTIA. This data feeds into the National Broadband Map as

well as the more featwmich California Interactive Broadband Mdpttp://www.broadbandmap.ca.gov)

As part of the mapping project, the CPIlans toconduct mobile broadband field tests twice a year. In
order to do so, the CPUC contracted with California State University, Chiceetaridrmanage a team of
testerdo perform speed and availability tests of the four major carriers (Verizon, AT&T, Sprint-and T
Mobile) at 1,200 locations throughout the stétenap of these locations may be found in Appendix C
Test LocationsThe breaklown of 1,200 locations wagi% urban 11% tribal, and55% rural based on
Census 2010 definitions

We used open source tools for our tests, and tests were performed usiognhoigrcially available
smartphones and USB modems. The first round of tests ran from May 7, 2012 to June 1, 2012 and
coveredover 35,000 miles of roads and highwa&dgollow on subset of the tests wererten in AT&T
LTE coverage areas because the infgating used nehTE capable device§.he second round of tests
is scheduled for September, 2012.

Ourresultsfrom thefirst drive testare summarized in this report and will also be incorporated as
subsequent layers in the California Interactive Broadidap. The CPUC also plans to make the raw
data from these tests available to the public online.

2 Mobile Test Application

The CPUC contraedwith California State University, Monterey Bay to developogpen sourcenobile

testing application that collects mobile broadband measurements-imaidaiconditions. This means

testing a number of different traffic types and testing them on servers physically located on opposite

coasts of the United States in ordetakeintoaccoune ach carri erdés varying back

®The fAurbanod category includes both fAurbaniusedrarne g UL s
of at |l east 2,500 and | ess than 50,000 people. ARural o
included within an urban area. The fitriiTesaRootescat egory i
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The application uses iP&rivhich is an open source network testing tool that createg Ti@Rsmission
Control Protocol, which is used to upload and download files amaif, and UDP(User Datagram
Protocol, which is used for reime streaming applications like streaming video and Voice over Internet
Protocol, or VolPdata streams and measutfesperformance of eaclcSU Monterey Bay developed a
Javauser interfacéhat runs on bét Android andhenetbook version of Windows operating systems. The
data created by the test is uploaded byt¢bterto acloud-baseddatabasaserver Details of the record
format of the test results are included in AppendixPata Record Format.

Testeas ran the testing applicatiom a stationary environment inside an automoliiech tester was

equipped with a netbook, an external GPS antenna, and a smartphone and USB modem for each of the
four carriersTests were done sequentially, first by gettingalid GPS reading from the GPS receiver
connected to a netbook, then by running the tests using the data cards frargaclrinally, the smart

phone tests wengerformed Testes uploaded the results each locatioto thecloud-basedlatabase

sener. In cases where the upload faitgdhe tested location (generally due to inadequate spdleel$gst
resultsremained on the netbook or smart phone timtitesterwas able to find a location where sufficient
network coverage allowed the data toupéoaded.

In cases where there was no signal whatsoever, that result was also stored on the netbook or smartphone
for later uploadThe testing application ran 6 tests measuring TCP and UDP. The tool also ran ping tests
to measure entb-end latency. At ta end of testing, we hadbse tol,200 resultgachfor the netbook

and the smartphone for each of the four carri@esails on tle test sequena@e included irAppendix A

I Test Application

At a subset of locations, testers ran a separate testarsiq@ N s our ce t oodl icnalolredde rit Gl
measure the presence of carrier rate | imiting or

This paper focuses exclusively on TCP results for netbook and smartphones using both West and East
coast servers. Analysis of the UDP testults, as well as those for Glasnost, will be addressed in a later
Report

2.1 Limitations of Mobile Testing

The following caveats should be taken into consideration for any mobile testing, including the testing
summarized in this report. Radio communicasi@s not an exact science. Planning and operating

networks takes into accouttep r obabi | i t y of thaforecaséng @ aggrégatedemand n and
for a cell site, botlof which may vary, depending the time of day, locatanmd topography of thiest

location, network loading and congestion, and device hardware and software limitations. In addition, test
results show end user experience at a specific time and specific location and do not neicetbsately

that anend user experiene one loction will be similar to that of a nearby location.

* SeeAppendix Ai TestApplicationfor how it was used in the testing application. Information on iPerf may be
found at:http://code.google.com/p/iperf/
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3 Preliminary Analysis

The following results are preliminary since thesre based oa singleround of tests. As we complete

subsequent rounds of testing at the same locations (the next round is scledbégddmber 2012), we

will be abletodrawmoreonc |l usi ons about e ac lchamgesrinrtgoeerages net wor
andperformancever time Details on analyzing the data are listed in Appendix@&ta Processing.

3.1 Mobile Coverage

The following chart shows a br ed k200lecations fested.ac h car
Test locations falling outsidecarrie® soverage aréahat showed a positive TCP reswire considered

to beroaming locationsAs stated previouslymore tharhalf of the testing locations fell within rural

areas. In terms afumber of tested locationgth valid result§ Verizon and AT&T hd the largest

network footprint T-Mobile appeaedto have the least coverage of the four, but we will see later that in
urbanareas that Mobile dd cover, they manageo deliver significant throughput in many locations.

The chart below shows results for downstream only. The results for upstreagowsisgent with those
for downstream.

Chart 1: Coverage Breakdown of 1,200 Test Locations by Carrier (Downstream only)
AT&T Sprint

m In-Coverage
m Roaming

M Out of Coverage

T-Mobile Verizon

®Each carrierds coverage area was determined from mobi l
the CPUCundert h e N State”Bdoadband Data and Development Grant Pragram

® A resultwas considered valid if a single TCP test restitteal positive value or zero rather than one of the
Abnormal Value Descriptions listed in Appendix Pata Record Format.
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3.2 Locations Meeting the 6 Mb/s / 1.5 Mb/s Threshold

The calculationdelowincludedlonl y | ocati ons that f elrbamwgateh, asn
described in &ction 3.2.

Chart2: Locations Meetingd6 Mb/sDownstream an®1.5 Mb/sUpstream Threshold

AT&T T-Mobile

E6/15

<6 /15

<768 / 200

Verizon

Among the four providers tested, oMy &T and Verizon haveleployed LTE (Long Term Evolution)
networks in California. Mobile, which has held off on deploying LTE,chanore locationgneeting the

6 Mb/s cbwn, 1.5 Mb/aup thresholdthan AT&T. One possible explanatiomthat, while TMobile lacks
the breadth of coverage of AT&T or Verizon, they have upgraakay oftheir urban locationso high
speed HSPA+, which does very well at achieviigher speethroughputswithout having to upgrade to
LTE. Sprint has not yealunched LTE in Californisaand because it is a CDMA network instead of a
GSM network, HSPA+s not an option because it is not a CDMA technol&@printdoes sometimes use
WIMAX, but results showed few examples of tHidost of their network appeadto support primarily

3" Generation network speeds, and until they launch, ifTvll probably be difficult toreach the 6 Mb/s
down, 1.5 Mb/s up threshald

We will see in Section 3.that the stark disparity between urban versus rural and tribal locatignests
that mobile broadbani@ still not a practical substitute for fixed broadbantside urban areas

3.3 West versus East Server i Understanding Backhaul Differences

The mobile testing application rarsariesof tests using servers located on opposite coasts of the United
StatesOneAmazon servewaslocated in San Franciscandthe otherin Virginia. The purpose was to
understand how each carrier performed given different backhaul requirements.

each

The fAibhbdaokha the part of the network that connects

routers and switches to other routers and switches. Each carrier has a unique backhaul network, and
neither we, nor the end user, know how it is designed. Noltdhaicare. However, it is possible that
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one carrierds backhaul net work, given its physica
over another carrier. By requiring our test to connect to both coasts of the United States, we wanted to see
how performance differed.

The testing application ranT&CP uploador 10 secondsthen a TCRIiownloadfor 10 seconds. It did this

twice using théVestcoastserver The applicatiothenran the same tests again twice for the East server.

The results for the downstream throughput are summarized below. Here, netbook and smartphone results

are averaged. Results for upstream were less dramatic but they mirrored those of the downstream. The
calculationsbelowincludedlonl y | ocati ons t hat f eahdroamirigtrresias each ¢
described irBection 3.2.

Chart 3: West vs. East Server Throughput Differences (Downstream only)

West vs. East Server

Downstream

Throughput Netbook and Smartphone Averaged, in Kb/s

In Kb/s

4,742

5,000.00 1~

4,500.00

4,000.00 +~

Bracketed differences
in RED appear to be
statistically significant

3,500.00

3,000.00 4~

W Mean West TCP

2,500.00 - m Mean East TCP

2,000.00

1,500.00 +~

1,000.00 +

500.00 +

0.00 L~
AT&T (o =62) Sprint (o = 18) T-Mobhile (o =53) Verizon (o = 94)

As shown in the results above, we detectedtatstically significant difference in throughput for Sprint
using West and East coast servers. However, we did detect differences for A€Mobile, and Verizon.
On first glance, it might appear that the differenes attributable to network design,thiis important

to note togas we will see latethatthe mean and median throughputs for AT&T and Verizere
significantly higheithan the otherslt may be the case that throughput increasgthe limiting factor in
end user performande the lackhaul network rather than the radio access network.
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3.4 Netbook versus Smartphone i Understanding Device Differences

Comparing results of 1,200 tests for the netbook, which connected to the intecastieigprovided

USB modem, with those of ttemartphone, waoticed slight performance differenc@se calculations
belowincludedonl y | ocati ons t hat f eahdroamirgtresiasdesrbedin carr i e
Section 3.2.

Chart 4: Netbook (USB Modem) vs. Smartphone (Downstream onlgt &East server results averaged)

Throughput
In Kb/s
4,000 -

3,745

Appears to be
statistically
significant

3,500

2,998 3,096 3,030

3,000 -

2,259

2,500
(

Appears to be B Netbook
2,000 statistically
significant 187 m Phone
1,500 |
1,000 |
4432 576
500 -

AT&T (0 =52) Sprint(c=12) T-Mobile (0 =40) Verizon(oc=78)
Of the four carriers, there appeared to be a statistically significant différenetbook versus
smartphone performanéer T-Mobile and VerizordownstreamFor upstream, the picture was slightly
different with AT&T (netbook, 1,497 Mb/s vs. smartphone, 1,083 Mbfs32) and Verizon (netbook,
2,602 Mb/s vs. smartphone, 2,173 Mlis; 54) appearing to show statistically significant parfance
differences

3.5 Urban, Rural, and Tribal Throughput Averages

When comparingverage throughput by location type, we found it was important to look at both the mean
(statistical average) and median (middle point) to see how the carriers differed. As shown in the chart

below, there appeadto be significant throughput differenclestweerurbanlocations compared to rural

and trbal locationsThe definitions for Aurband and Arural o i
definition’ rather than the methodology used for location selection reference in Appendirdd Routes.

The differencebetween urban versus rural and trivak exacerbated by the fact thaMbbile, Verizon,

and AT&T have upgraded their networks to support higher throughput prirmatiipan locations

" See footnote 3 in Section 1
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Verizon and AT&T appeadto be close in terms of ovdraneandownstream throughpupyrplebar).
But, as showin themediandownstreanin Chart6 Ver i zonb6s over all mean i s |

by its LTE deployment in nerural locationswhereasAT& T appears to have better overall throughput
across more locations.

The mean and median calculations below indimlen | v | ocati ons that fell with
androaming areg as described inegtion 3.2.

Chart 5: Mean Downstream ThroughfmytLocation Type
Mean Downstream TCP in Kb/s

Throughput

In Kb/s Netbook & Smartphone Averaged, East & West Averaged
7,000 -
6,253
6,000 -
5,000 -
4,198 B Urban Mean Kb/s
4,000 - m Rural Mean Kb/s
3,535
2,852 3,082 m Tribal Location Mean Kb/s
3,000 - 2,525 B Weighted Mean Kb/s
2,380
1,910 2117
2,000 -
1,350
847
1,000 + 755
ag 383 512
Sprint T-Mobhile Verizon AT&T

As shown inChart6 below, the median throughputshesa v er y di ff er emeédiaqpi ct ur e.
throughput Blue bar was high inurbanlocations, but its overathedian purple bay was less than half
that of AT&T 06 drendthnie thet moddirdngelfar siraland tribal locations.
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Chart 8 Median Downstream Throughput by Location Type

Median Downstream TCP in Kb/s

Th hput
" rK[l’:}i Py Netbook & Smartphone Averaged, East & West Averaged
4500 4,330
4,000 -
3,500 -
3,139
3,000 -
2,358
Py W Urban Median Kb/s
2,500 | »
2119 1,390 m Rural Median Kb/s
2000 m Tribal Location Median Kb/s
W Overall Median Kb/s
1,500 1088
61
800
1,000 -
500 182 334 294
180 75 9
- T T 1
Sprint T-Mobile Verizon AT&T

3.6 Distribution of Speed Tiers and Percent of Locations

To better understand the breadth and distribution of throughput over all of the locations where carriers

provided coverage, we grouped downstream throughput into speed tiers used by the National
Telecommunications and Information Administration (NTIA) fioe National Broadband Map. The

CPUCO6s California | nt elieaothesesgeedBier Ehd dalauratibetdda p al s o
includdonl y | ocations t hat f eahdroamrg trésiasdesrbedhinegstiomr r i er 0 ¢
3.2.
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Chart 7: Histogram of Speeds by Carrier

% Locations within Each Provider's Coverage Area and
Corresponding NTIA Speed Tiers

80%

Downstream Throughput, Netbook & Smartphone Averaged, West & East Averaged
70%
60%
B AT&T
50% -
W Sprint
a0% T-Mobile
W Verizon
30% |
20%
p

Below 768 Kh/s z768Khfs<1.5 z1.5<3Mb/s 23 <6 Mb/s 26+<10 Mb/s 210<25Mb/s =25<50Mb/s
or No Effective Mb/s
Service

As mentionedn Section 3.3, Sprint has yet to launch LTE, and s reflected in the great majority of

locations tested using Sprint devices falling below downstream throughput of 1.5 Mb/s. At thendther

of the spectrum, over 20% of the | ocatdabiitysto wi t hi n
deliver downstream throughpgreater than or equal to 6 Mb/s, while that for AT&T was only 1%

covered locationdNhere AT&T showedparticular strengtiwas in the midrangei greater than or equal
to1l.5Mb/sOf t he | ocat i ccoveragaredwhnichnas wels&wliroSection 3.2svaughly

the sameoverage percentages V e r66%shawédsiownstream speeds greater than or eqlid to

Mb/s, whereas for Verizon, it was 40%, meaning that 60% of the locations for Verizon showed less than

1.5 Mb/s downstream.

3.7 Tribal Areas 1 Locations and Number of Carriers

Tribal locations were tested at the entrance or near the entrancepobplety. Because of this, the user
experience was not necessarily the same as what might be found inside the tribal areas. Of the 128 tribal
locations planned, 5% were not tested because of geographic inepéslitdsing the same method in

Section 3.3, ont 5% of the locations testedet the 6 Mb/s down, 1.5 Mb/s up threshalith more than
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2/3 coming n lower than the thresholahd 1/5qualifying as unserved, which islefined adessthan768
Kb/s downand 200 Kb/s upThe number otarriersavailable akach location is shown in the graph on
the right.Test results for each of the 128 Trikatationsare included irAppendixH i Test Results by
Tribal Location

Chart 8 Tribal LocationsMeetingCombinedO6 Mb/s Downstream an®1.5 Mb/s Upstream Threshold

Tribal Locations 2 6 Down, 2 1.5 Up Number of Providers Available at Tribal
Locations

5% Number of
Providers Avail:
mo

M Did not test

M6 Down,21.5Up ml

2
<6 Down, <1.5Up
m3

H <768 Down, < 200 4

Up Did not test

4 Conclusion

As stated in the Executive Summaityese resultsvere only thefirst in a series drive tests to be
conducted over several yeagsjt is premature to draanylongterm conclusiondHowever it seems
clear at thé early stage that we can conclutleThelarge gap in throughput between Aamal versis
rural and tribal locations €tion 3.6) demonstrates that the rollouLohg Term Evolution Networks
(LTE) has been focused primarily higher densityurban aras We expect this gap to narrow in the
coming years as LTE becomes the standard for all mobile carri®&as&d on results shown ie&ions
3.2, 3.6, and 3. Nerizon and AT&Tcovered the most locatiomsidprovided théhighest average
throughputs, with Verizon outperformi®gl &T at the higher speeds, but AT&T delivering a much wider
geographic distribution of micange speeds across the 1,200 locations tekst&€tde number of locations
meeting theombinedd Mb/s per seond dowrand 1.5 Mb/s uphresholdwere still limited Section 3.3
shows the disparity among mobile carriers in the number ofragesing the thresholdnd the disparity
between nosrural (urban) compared to rural and tribal locations suppdinis canclusion.
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Appendix AT Test Application

TESTING APPLICATION IMPLEMENTATION: IPERF FOR TCP AND UDP
MEASUREMENTS

The user interface is written in Java and runs on both the Android and Windows operating. systems

IPerf is a software tool to measte network throughput and performance. It is developed using a
clientserver model as in Figure 1. The client software in a client device requests an either TCP or UDP
data connection to the server side software. After the connection is establishedl, thesisures the
throughput between the two ends. In the project, we set up the iPerf server software on two Amazon
Linux machines at the East and West coasts, respectively.

Figurel

iPerf Client iPerf Server
(phone/notebook (Amazon Server

In the project, the iPerf tool measures TCP upload bandwidth, TCP download bandwidth, UDP jitter, and
UDP datagram loss rate. For the TCP upload, the client software makes a connection to the server side
software and sends data streams to the sedefa 10 seconds. After that, the server side software

sends data streams from the server to the client for download bandwidth. Note that the original iPerf tool
uses two separate connections for the upload and download measurements, respectivelgugait be

many client devices and network operators do not allow for the server side software to make a new
connection with the client device, we keep the connection used for the upload measurement and use it for
the download measurement as well. By this taghe we can avoid the firewall blocking at the client
device. As other measurement parameters, the tool uses 64.0 Kbytes windew 6#e (which is the

amount of data that can be buffered during a connection without a validation from the receiver, and
executes four threads concurrently @) at both sides, which can increase the data volumes to be
exchanged between the client and server.

For the UDP jitter and datagram loss rate measurement, the iPerf sends data to the client side for either
oneorfve seconds. Note that therebés no data streams
measurement. As other parameters, we use 220K buffer lehg#0) and 88K bits/sec bandwidtp (

88k) to send data. The following shows all measurements in a sastjlegt

TCP upload (10 seconds) and download (10 seconds) measurement to the West server (twice)
TCP upload (10 seconds) and download (10 seconds) measurement to the East server (twice)
UDRP jitter and datagram loss (1 second) to the West servee (thres)

UDP jitter and datagram loss (1 second) to the East server (three times)

UDP jitter and datagram loss (5 seconds) to the West server (one time)

To o Do o Do D>

UDP jitter and datagram loss (5 secondsthe East server (one time)
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Test

Minimum, maximum, and average packet Rou
Trip Time (RTT); packet loss rate during the
RTT

User Datagram Protocol (UDP) jitter & loss

Transmission Control Protocol (TCP), upstrea
and downstrearthroughputs

Explanation

To understand how long it takes to send &
receive data and amount of data that can be I
during transmission

Both of these meairements assess the quality
UDP. UDP is the network protocol used for
streaming media such as video and voice ove
internet protocol (VolP). Jitter measures the
degree to which the UDP signal becomes
distorted during transmission. Loss is the amc
of message that gets lost during transmission.
TCP is the network protocol used fomgail.
Expressed in kilobits per second, these
measurements tell how quickly the user can s
(upstream) and receive (downstream) TCP
messages.

Appendix BT Test Equipment

EQUIPMENT USED FOR MOBILE TESTING

Equipment Type Technology Quantity
Asus Netbook Netbook Not Applicable 8
BU353 GPS GPS receive Not Applicable 8
AT&T HTC ONE X Smart phone LTEHSPA+, UMT 8
Android
AT&T USB Momentumr USB Modem LTEHSPA+, UMT 8
Sprint HTC EVO 4G Smart phone EVO, IXRT 8
Android
Sprint Sierra Wireless USB Modem EVO, 1XRT 8
250U USB
T-Mobile Samsung Smart phone HSPA+, UMT 8
Galaxy SlI Android
T-Mobile Jet 2.0 4G USB Modem HSPA+, UMT 8
Laptop Stick
Verizon Droid Charge Smart phone LTE, EVO, 1XR 8
4G LTE Android
Verizon Pantech USB USB Modem LTE, EVO, 1XR 8
Modem UML290
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Appendix C - Test Locations

CA Broadband Availability Field Testing
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Round 1 Field Testing Sample Locations

Terrestrial Mobile Wireless Availability
Maximum Advertised Downstream Speed

Tribal Lands Sample Locations (128)
Non-Rural Sampe Locations (136)
Rural Sample Locations (936)
Regulated Cellular Towers

BB SURVEY (Dissatisfied, 33)*
DEADZONE (Dissatisfied, 1121)*
MOBILEAPP (Dissatisfied, 192173)*

Greater than or equal to 10 mbps and less than 25 mbps
Greater than or equal to 6 mbps and less than 10 mbps
Greater than or equal to 3 mbps and less than 6 mbps
Greater than or equal to 1.5 mbps and less than 3 mbps

Greater than or equal to 768 kbps and less than 1.5 mbps

OO L’ @
antg&g& Y ‘wa A ;

(-3 b g o - =
° wﬁ‘ .Cpmﬁcl(l* 50 L aie ,00 # 8

©
O3 0 gov °
SanF & el @ fe“’“‘“"" o8 - -
an Francisc P -0
‘% e t’ C.m&mmd P Q.
& 2 i <
& remontoc ’%de.,m o°°g -
) e
© :
s . o
e Qo

% o 9
“’%QA O o

asgﬁ.:ag 0% ‘o.-§‘§ean YAy
P i ' % .:‘o 60"

5 le3]

6 {95

& @
s LJ‘.as Vegas
o o Hendersorﬁl
. o a
¥ L ) 5 o
R o’ U ‘E,‘oegg?’ker:ﬁeid 3 . o ‘: °
san LUl D © 0008'»0'0 00 o o o2
Obisp?"." o o KBS 0 .5 000 TN o) ¢ s !
Santamora % ) o o
9, 00 o0y To 0 ik
&'0' a0 N o% e 0% oo o 3 %
O‘_mlgoc ‘; -l T .me t.—. N NS o8 —
; .0 Palnay ° %‘VI\.YL'TJl“r % e
*v*-m“nmaw%.s“ & ‘"‘%° * 850 L
%.3 B o oo (-] L] B 2
fg‘ o"’a'o‘.',% i I
@ Los ﬁﬂ "f Q%sldé !
A =3 .a«sgu:g ggoga,,new Ay
LongBea®h ‘
0 50 100 4

200 Mil
N | iles

* Dissatisfied Defined

- BB SURVEY locations were considered dissatisfied if they marked that they were "Somewhat Dissatisfied,"

"Dissatisfied," or "Very Dissatisfied" with their broadband
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- DEADZONE locations were considered dissatisfied if they marked that no broadband was available at SanD |eg % .0 Qﬁ q o g

their location and they were interested in getting it o- LA Q o= urma

- MOBILEAPP locations were considered dissatisfied if their broadband speed was below the threshold Ijﬂ.g‘la

speed (6 Mbps download speed and 1.5 Mbps upload speed). San.Luis Rig —

Colorado
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Appendix DT Test Routes

Routeswergener at ed using ESRI &s Network Analyst exten
Chico and Northridge testers based on closest location, then adjusted to make distribution equal between

the two groups of testers (600 points to Chico, 600 to Northriddeen, locations were divided into

logical zones based on regional geographic considerations. Routes were designed to minimize drive time
given the constraints of anl®ur work day, idle time due to testing, a lunch break, and returning home

for weekend. The Northridge routes had the additional constraint of one vehicle needing to return home

each day. Routes from each zone were divided between each driver in an effort to equalize total drive

time for each driver.

TRIBAL SAMPLING

Tribal Lands samplingokcationswere defined as a point along the California Road Network, as classified
in the 2010 census road inventomhich fall within Tribal LandsOne sample locatiowas randomly
generated for each Tribal Land containing features from the Californd Retavork using spatial

analysis software. Each point represents a location currently known to have mobile wireless broadband
coverage. A total of 128 sampling locations were generated for Tribal Lands.

NON-RURAL SAMPLING:

Non-Rural sampling locationsere defined as a point along the California Road Network, excluding

MTFCC Class Code S1400, as classified in the 2010 census road inventory. Alirptiirgsategory

fell within Non-Rural Landsand outside any Tribal Lands. All sampling locatiagse randomly

generated at a minimum distance of five miles using spatial analysis software and regeckesattion

known to have mobile wireless broadband coverage. A total of 136 sampling locations were generated for
Norn-Rural Lands.

RURAL SAMPLING:

Rural smpling locationsvere defined as a point along the California Road Network as classified in the
2010 census road inventory. Rural poinse first allocated to 2010 Census Desighated Places (2010
CDP) thatwere outside any NoRural and Tribal Lands anglere randomly generated at a minimum
distance of five miles using spatial analysis software. Remaining sampling locatienallocated to

Rural areas not within any othenlis (Tribal, NorRural, and CDB) andwere randomly generated at a
minimum distace of ten miles using spatial analysis software in areas where no sampling locations
exisiedfrom the initial Rural distribution. All sampling locations represel@ location known to have
mobile wireless broadband coverage. A total of 936 samplingdosatvere generated for Rural Lands.

Notes: 1. Minimum distancesvere determined by the largest distance (tested in five mile increments) the
software allovedfor the amount of points within thesipling area being calculated.California Roads
Network: Sampling locationsverecontrolled to highway ramp (S1630), secondary roads (S1200), and
local neighborhood road/rural road/city street (S1400), as classified in the 2010 census road ildventory.
All road classesvere weighted equally ithedistributionprocess.
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Appendix E - Operator Technologies & Frequencies

Carrier 2G MHz \ 3G MHz 4G MHz 3G Technology 4G Technology
AT&T 850, 1900/ 850, 1900 700, 1700/2100 | GSM/HSPA+ LTE (FDD)
WiMAX
(Clearwire)
2500, 1900 PCS, LTE (Sprint, FDD;
Sprint 1900 1900 800 CDMA/EV-DO Clearwire, TDD)
T-Mobile 1700/2100, LTE (FDD) - launch
USA 1900 1900 1700/2100 GSM/HSPA+ in 2013
Verizon 800, 1900/ 800, 1900 700 CDMA/EV-DO LTE (FDD)
Notes:

1. All frequencies listed are in megahertz (MHz)
2. Paired frequencies are listed with "/" where the first number represents the uplink frequency, and the
second the downlink frequency

Acronyms

GSM Global System (for) Mobile (Communications)
HSPA+ High Speed Packet Access Plus

CDMA Code Division Multiple Access

LTE Long Term Evolution

FDD Frequency Division Duplex

TDD Time Division Duplex

LTE DEPLOYMENT STATUS IN CALIFORNIA

As of the writing of this paper, only two of the four major carriers have deployed LTE in California:

Verizon and AT&T. Sprint hasot yetannounced plans to launch LTEQalifornia. T-Mobile hassaidit

plans to install ALTE Advan8edoO0ORebasasestldtiegmi pim
19 of the top 3dneohthoskmatksts maybe th Cdlifdrnia

VERIZON

Verizon has deployedTE in 15 marketsBakersfield, Fresno, Los Angeles, Modesto, Oakland,
Sacramento, Salinas/Mongg/Seaside, San Diego, San Francisco, San Jose, San Luis Obispo, Santa
Barbara, Stockton, Visalia/Rerville, Yuba City/Marysville

AT&T

AT&T has deployed TE in San Francisco, Oakland/East Bay, San Jose/South Bay, Los Angeles, and
San Diego
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Appendix FT Data Record Format

DATA FIELD DESCRIPTION

Column Example(s) Description
Name
Tester 3 ID number of a tester who conducted the testing
Location | 1020 Location number assigned by GIC
ID
Date 5/30/2012 Test starting date. We use the "05/30/2012" fatmat.
Time 15:48:08 Test starting date.
Provider | Verizon, AT&T, T- Network provider.
Mobile, Sprint
Operator | Verizon, AT&T, T- Network operator.
Mobile, Sprint
Network | EHRPD, LTE, A specific network type. At the moment, the informatie available at
UMTS, HSDPA, etc | the phone testoonly. Netbook testing is alwaNA.
Latitude | 37.323429
Longitud | -122.036079
e
Device WBBDTest1 A unique number of a testing device.
ID (netbook),
99000024385563
(phone)
Client Phone or Netbook
Type
ePktMin | 154.062 Minimum RTT (Round Trip Time) of packets to the East server (in m
ePktMax | 270.189 Maximum RTT (Round Trip Time) of packets to the East server (in m
ePktAvg | 184.525 Average RTT (Round Trip Time) of packets to the East server (in mg
ePktLoss | O Packet loss rate (%) during the RTT test to the East server.
wPktMin | 83.702 Minimum RTT (Round Trip Time) of packets to the West server (in ni
wPktMax | 218.218 Maximum RTT (Round Trip Time) of packets to the West server (in n
wPktAvg | 118.374 Average RTT (Round Trip Time) of packets to the West server (in m
wPktLoss | O Packet loss rate (%) during the RTT test to the West server.
eUDP 14.606 Jitter for the first UDP measurement to the East server (in ms). Thery
Jitterl total four UDP jiter measurements to the East server such as eUDP
Jitter2, eUDP Jitter 3, and eUDP Jitter 4.
eUDP 0 UDP datagram loss rate for the first UDP measurement to the East g
Lossl (in %). There are total four UDP data gram loss rate for each
measurement such as eUDP Loss 2, eUDP Loss 3, and eUDP Loss
eUDP 1 UDP test period for the first UDP measuremio the East server (eithel
Periodl 1 sec or 5 sec). There are total four UDP measurements to the East
such as eUDP Period 2, eUDP Period 3, and eUDP Period 4.
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wUDP 17.412 Jitter for the first UDP measurement to the West server ()nThere are
Jitterl total four UDP jitter measurements to the West server such as wUDH
Jitter2, wUDP Jitter 3, and wUDP Jitter 4.

wUDP 0 UDP datagram loss rate for the first UDP measurement to the West
Lossl (in %). There are total four UDP data gram Icete for each
measurement such as wUDP Loss 2, wUDP Loss 3, and wUDP Los

wUDP 1 UDP test period for the first UDP measurement to the West server (g
Periodl 1 sec or 5 sec). There are total four UDP measurements to the West
server such as wUDPeriod 2, wUDP Period 3, and wUDP Period 4.

wTCP_U | 478.9 TCP upload speed to the West server at the first measurement. (in kK
P1 Technically, our tool has four threads to collect the TCP upload and
download speed. So, the values in TCP upload andIdadrfields are
the addition of the four threads.

wTCP_D | 1156.3 TCP download speed to the West server at the first measurement. (i
OWN1 kbps).

wTCP_U | 567.8 TCP upload speed to the West server at the second measurement.
p2 kbps).

wTCP_D | 889.1 TCPdownload speed to the West server at the second measuremen
OWN2 kbps).

eTCP_UP| 346.2 TCP upload speed to the East server at the first measurement. (in Kk
1

eTCP_D | 914.8 TCP download speed to the East server at the first measurement. (in
OWN1 kbps).

eTCP_UP| 278.5 TCP upload speed to the East server at the second measurement. (i
2 kbps).

eTCP_D | 448.2 TCP download speed to the East server at the second measuremen
OWN2 kbps).

ABNORMAL VALUE DESCRIPTION

Value Description
no effective service If a test failed the connectivity test (ping to our west server for foy
seconds), our pogbrocessing script generates "no effective servic
ERROR: QUIT BY USER A user quitted the testing. So, the raw should be removed for the
data analysis.
NA atePktMin, ePktMax, The testing result didn't provide the corresponding round trip time

ePktAvg, ePktLoss, wPktMin, | (RTT) value. In many cases, it means that the ping command ha
wPktMax, wPktAvg, wPktLoss| connections (or 100% loss.)

timeout Our measuement tool spends 120 seconds to measure a TCP up
and download to a server. If our tool fails to get the TCP testing
result within 120 seconds, it generates "timeout”, which usually
occurs in a weak signal location.

California Public Utilities Z0a2pPaged8si on A Communi



connect_errorl While a TCP testingur measure tool fails to finish the TCP testing
with an internal software error message "writel failed". There are
many reasons of this errot- We are investigating the exact reasor
Weak signal could be one of the reasons.

connect_error2 While a TCResting, our measure tool fails to finish the TCP testin
with an internal software error message "write2 failed". There are
many reasons of this errot- We are investigating the exact reasor
Weak signal could be one of the reasons.

connect_error3 While a TCP testing, our measure tool fails to finish the TCP testi
with an internal software error message "connect failed". There a
many reasons of this errot- We are investigating the exact reasor
Weak signal could be one of the reasons.

California Public Utilities Z0a2pPaged9si on A Communi



Appendix G 1 Data Processing
In order to produce the analysis in this Report, the data were processed as follows

1 Averaging two devices (data card and smartphone resultsmtheeveat ei t her devi ceC
test results showeshe of the Abnormal Value Descriptiolisted in Appendix F Data Record
Format,while the other device yieldadumerical TCResults, theAbnormal Value Description
resultwas treated as a zero. This metmat the averagearoughput for a locatiowhere one
device produced a result while toter did not wa effectively halfof that of the device that
successfully delivered a throughput greater than. Zetample:USB modenthroughputwas 14
Mb/s,whiles mar t phone result was fAno effective servi
thatcarrierwas?7 Mb/s.

T Eli mination of dupl ioc aitt @ ,oftamesuits forfa single devieeins er vi c e
cases whermitial ping test failedtesters were instructed to run the test again up to 3 times. In
cases where thang test failed all 3imes, the results would show one or several of the
Abnormal Value Descriptions listed in Appendix Pata Record Format for all of the tests. In
this case, the result for that testing locatioa s fino e f fo&n thé eventonesotthev i ¢ e
ping tess succeeded, the TCP tests results were used and the other failed ping test results were
excluded from the analysis. If some or all of the TCP tests for a location with a successful ping
test showed one or several of the Abnormal Value DescriptionsQRedsults with those
Abnormal Value Descriptions were treated as zero Kb/s throughput, and were included in the
calculations used for this analysis.

1 GPS coordinates normalized to averagdests were intended to be conducted for all four
carriers at the eact same location. Due to minor differences in GPS readings as well as practical
problems of testers sometimes being unable to conduct all tests as the exact samell@cagion
local conditions GPS coordinates for all tests performed at each locatiomaveraged to a
single set of LAT / LONG coordinates.

1 No GPS signalin cases where no GPS data was collected due to the inability of the phone to
register a GPS signal, the normalized GPS coordinate was assigned to the test result based on the

location D.
9 Carrier information missing: the test automatically recorded Provider as well as Operator
identification information from the carrieros

fields were blank, we cross referenced the unique device ID tather in order to determine
the correct Provider field entry.

1 Location ID entered manually by tester:while each tester used a checklist to monitor which
sites had been tested, in some cases testers entered an incorrect location ID. To correct for this,
we looked at the GPS coordinates of any duplicate location IDs from different testers and
assigned the correct location ID based on the LAT / LONG coordinates from the device. In very
few cases, there was an incorrect location ID with no GPS coordinathjah case the unique
device ID was cross referenced to the list of sites being tested by each tester to try to determine
the correct location ID for that test. In cases where this was not successful, the test result was
excluded from analysis
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