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Sobre la Empresa

Fundada en 2011, como una empresa de insights de la experiencia movil, Tutela recopila datos anonimos de rendimiento y uso de
millones de dispositivos en todo el mundo para ayudar a las empresas moviles a analizar y mejorar la experiencia del cliente movil.

Tutela esta comprometida con la inversion continua en nuestro conjunto de datos y panel de usuario. Ofrecemos estos datos a CRC
Colombia y otras organizaciones en forma de insights, inteligencia comercial y datos crudos a traves de nuestros informes y
herramientas lideres en la industria. Nuestro ya grande y creciente panel de usuarios permite a CRC Colombia obtener
conocimientos incrementales y valor comercial asociado mas alla de lo que nunca antes habia sido posible.

La mision de Tutela es mejorar la experiencia movil de los usuarios proporcionando a la industria movil informacion para permitir la
mejora de la red y la experiencia. Logramos esto recopilando y procesando cantidades significativas de datos de uso y calidad movil
y entregandolos en un formato util e intuitivo para permitir las decisiones comerciales. Invertir en las soluciones de Tutela permite a
las organizaciones obtener acceso inmediato a conocimientos moviles completos que permiten una toma de decisiones
comerciales mas rapida.

Usando los productos de datos de Tutela, las organizaciones pueden:
e Comprenda la experiencia del usuario final en todo el pais en una ciudad y granularidad a nivel de calle.
e Comparar competidores y pares. Comprender el rendimiento de la red competitiva. Aproveche esta informacion para tomar
decisiones de inversion.
e Reduzca los costos de las pruebas de red de campo, al tiempo que reduce significativamente el tiempo de informacion de
semanas a segundos.

Tutela es una sociedad de responsabilidad limitada con sede en Victoria, Canada y oficinas en Boston, MA,
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Historial

Fuimos la primera organizacion del mundo en lograr la escala masiva de colaboracion abierta (superando los 100 millones de
usuarios) utilizando un enfoque basado en SDK y ofrece la escala lider de la industria para datos de experiencia movil de
colaboracion abierta mundial con mas de 300 millones de usuarios en todo el mundo y mas de 50 mil millones de mediciones

recopiladas cada dia. .

Nuestra experiencia en la recopilacion y el procesamiento de grandes conjuntos de datos nos ha colocado en una posicion

unica para ayudar a las organizaciones a procesar y obtener valor de los datos.

Nuestros clientes abarcan 4 continentes e incluyen algunas de las marcas moviles lideres en el mundo, como Nokia, Telefonica,
02, Movistar, Telecom ltalia, Bell, Telus y mas. Los datos de Tutela tambien han sido utilizados por reguladores de todo el

mundo, instituciones academicas, analistas de la industria y bancos de inversion.

Nosotros producimos periddicamente informes de mercado que se ofrecen de forma gratuita a la industria. Estos informes han
sido utilizados regularmente por los medios de comunicacion para informar sobre el rendimiento y la calidad de la red de los

operadores moviles en todo el mundo.
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@) Relatério de acompanhamento do setor de telecomunicades

OPENSIGNAL

Nesta segéo serdo apresentados dados retirados do
Relatério de Experiéncia em Redes Moveis, de julho
de 2021 publicado pela Opensignal®. Bem como
informages por Unidade da Federagéo obtidas como
resultado do Acordo de Cooperacdo Técnica entre
a empresa e a Anatel. A Opensignal coleta dados a
partir dos dispositivos de seus usuarios  os utiliza para
calcular métricas de experiéncia de rede movel.

As figuras desta secio apresentam o intervalo de
confianga de cada métrica associada®.

Os dados aqui mostrados se referem ao periodo de &
noventa dias, entre 01/03/2021 e 29/05/2021.

75 -100
- - Excelente

Segue breve descrigio de cada métrica:

@ Experiéncia de video

Quantifica a qualidade de video em redes méveis percebida pelos
usuarios em aplicagdes reais de streaming de video. O calculo de
experiéncia de video mede diretamente streaming de video em
terminais de usuério, utilizando uma abordagem baseada na UIT que
leva em conta a qualidade da imagem, tempo de carregamento e
taxa de travamento, em redes 3G e 4G. A métrica de experiéncia de
video é calculado em escala de 0 a 100, sendo:

Telefonia Mével
1° semestre de 2021
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4G for Meaningful Connectivity

Indonesia

anappropriate device with enough data
anda fast connection. The Alliance for
Affordable Internet (A4A) published
these targets in 2020 to help policymakers
settargets for higher quality and more
affordable internet access.
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Measurement data from Opensignal, which independently captures real user experience, also suggests
there may be issues with 4G availability in some towns. Mobile coverage predictions can vary from the
4G service people actually experience due to local factors such as trees and buildings or the degree

of congestion on the network. Similarly, predicting indoor or in car coverage is subject to variations

as signal loss can vary depending on the materials that signals must travel through. Ofcom recognises
these issues with modelling in its mobile coverage reports that are based on predictions provided by
the mobile operators. Nevertheless, there are questions about how substantial the variations are and
whether there is room for further optimisation of mobile coverage to improve the user experience in
certain places.

Recommendation 7: Ofcom and the government should consider real world user experience data,
alongside prediction models, to improve the understanding of how people experience mobile
connectivity in different places and identify any significant patterns that need to be addressed. As
part of this, consideration should be given to whether Ofcom’s existing reporting on user experience
can be extended to provide a more granular view of localised mobile user experience.
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Connect2Recover:

A methodology for
identifying connectivity gaps
and strengthening resilience
in the new normal

Canada’s 5G Future

January 6, 2022 / Leave a Comment

(f F-cehooka Twlller)@ Pinterest X in LinkedlnXm Emall)

On December 17, the Government of Canada opened its consultation on the 3800 MHz spectrum band. The day

before, Ceri Howes, Head of Regulatory for Opensignal published an article that | think merits highlighting, in light of
the government's stated object for the consultation “to ensure Canadians have access to high-quality wireless

services.”

In the header for “Canada’s 56 future - the story so far", Opensignal indicates the article “discusses some key
considerations for Canada's 5G future and highlights how policymakers and regulators can better make use of

independent, globally-standardized data that reflects the actual experience of the consumers they serve.”

The article shows that Canada's wireless carriers have invested in new

spectrum efficiency and capacity, leading to Canada currently having some of the fastest 4G networks in the world,
“despite Canada'’s relatively low population density and the high capex and opex costs involved in deploying

networks in rural and remote parts of a large country.”

However, the article observes that Canada is “unfortunately slipping behind” when it comes to 56, and Opensignal

suggests that spectrum policy is a factor.

4.5.1 Network performance during the pandemic year of 2020

Further, as highlighted recently by Opensignal based on their analysis of global traffic data,
flexibility will be required of MNOs. According to Opensignal, “As lockdowns ease, operators
will look at how to manage capacity more dynamically, for example between downtown areas
and residential suburbs, and be more nimble to future changes in the pattern of mobile usage.
We will see greater thought on where to build mobile base stations.”*

In February 2021, Opensignal undertook an analysis for the ITU of global mobile network
experience data during the COVID-19 pandemic for the entire calendar year 2020. The findings
are summarized in Figures 18 and 19.
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Massive Global Dataset

Installed on >300 million devices
>1 Trillion Measurements per month

High statistical accuracy in all populated locations
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OpenSignal /Tutela Available Solutions

1. Direct Data Access
. Online, cloud-based access
. Network quality data for all of Colombia
. Includes 18 months worth of historical data

2. Data Analysis Tool
Tutela Explorer
. 500 million records of capacity
. Includes approx. 5 month worth of historical data

3. Value-added Features
. Indoor/Outdoor Identification
SiteMapper - shows the locations of competitor LTE sites and tracks changes
Video Performance Data - YouTube and Tutela's CND testing results
Coverage Analytics - Detect coverage holes and assess coverage quality



1. Raw Data (Datos Crudos

Tutela will provide CRC Colombia with direct
access to raw network quality data from Colombia

CRC Colombia can directly connect, query and
download Tutela's database in real-time.

Data can be accessed via Tutela's online portal:
insights.tutela.com

Data can be queried and exported (downloaded)

CRC Colombia can also directly connect Tutela's
data through 3rd party Bl tools (e.g. PowerB],
Tableau, etc)

Over 190 KPIs including device, connection and
quality metrics - Full KPI list available.

OPENSIGNAL TUTELA*=

Q Google BigQuery X

< C () | & Secure | https/bigquery.cloud.google.com/results/reportdatae:

Google BigQuery

COMPOSE QUERY

Query History
Job History

Filter by ID or label
reportdataexternal-telefonica
» Logs
w Standard_US
=% Brazil_SaoPaulo
== Chile_All
=2 Colombia_All
2.2 Germany_Berlin
2.2 Mexico_MexicoCity
%2 Peru_All
=2 Spain_Madrid
v Public Datasets
» bigquery-public-data:hacker_news
b bigquery-public-data:noaa_gsod
b bigquery-public-data:samples
» bigquery-public-data:usa_names
» gdelt-bq:hathitrustbooks
» gdelt-bq:internetarchivebooks
» lookerdata:cdc
» nyc-tic:green

» nyc-tic:yellow

New Query

v SELECT

3 v FROM

[reportdataexternal-tele

5+ LIMIT
100

Results  Explanation

Job Information

xternal-telefonica:bquijob_ ¥r | # o
fonica:Standard_US.Mexico_MexicoCity]

Save View

Format Query

Download as CSV

b o B e

Query Editor UDF Editor

Ctrl + Enter: run query, Tab or Ctri + Space:

Show Options

Download as JSON

Row C ionType C ionTechnology ServiceProvider C ion Start
1 MOBILE UMTS TELCEL 2017-03-11 16:25:31 UTC
2 MOBILE EDGE TELCEL 2017-03-11 16:27:04 UTC
3 MOBILE EDGE TELCEL 2017-03-11 16:39:20 UTC
4 MOBILE umTS TELCEL 2017-03-12 08:20:37 UTC
5 MOBILE EDGE TELCEL 2017-03-12 09:42:53 UTC
6  MOBILE EDGE TELCEL 2017-03-12 09:42:08 UTC
7  MOBILE EDGE TELCEL 2017-03-12 09:31:09 UTC
8  MOBILE EDGE TELCEL 2017-03-12 08:55:40 UTC
9 MOBILE EDGE TELCEL 2017-03-12 07:26:41 UTC
10 MOBILE umTS TELCEL 2017-03-12 09:46:40 UTC
11 MOBILE EDGE TELCEL 2017-03-12 10:01:31 UTC

Table = JSON First < Prev Rows 1-110f100 Next> Last

autocomplete.

Query complete (8.0s elapsed, 23.0 GB processed)

/]

ve as Table Save to Google Sheets
C ionEnd Cip

2017-03-11 16:27:04 UTC = 135040477
2017-03-11 16:28:05 UTC 20617
2017-03-11 16:40:51 UTC 20617
2017-03-12 08:55:35 UTC = 135049457
2017-03-12 09:43:47 UTC null
2017-03-12 09:42:47 UTC 36317
2017-03-12 09:42:02 UTC 57960
2017-03-12 09:31:00 UTC null
2017-03-1207:38:14 UTC 36317
2017-03-12 09:57:21 UTC = 135029457
2017-03-1210:01:44 UTC 47960

Tutela’s data is hosted in the Cloud by Google BigQuery and can be queried
and exported at any time using SQL
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2. Tutela Explorer

Tutela will provide access to Tutela Explorer. a GPU powered web-based tool for data analysis and visualisation.

3G and 4G Availability {} X Average Latency (ms) Device Network Activity
by Time of Day (UTC)

Tutela Explorer is a powerful big data of e
visualisation tool 82.97 ' —

Download Speed
(Kbps)

Tutela's massive dataset can be rendered
and analysed in real-time to answer
questions faster than any other tool

Sprint
6,310.12

Tutela Explorer uses GPU acceleration to
achieve extreme performance and

flexibility.

BIN: auto Tmo 1w 1d Mar 01, 2017 — Jun 22, 2017

QOSLatencyA

Web-based. Delivered as-a-Service from
Tutela. Ready to use immediately.

https./www.tutela.com/explorer

10



3. Value-added Features

1 Indoor Outdoor Traffic
Advanced ML algorithm

Machine learning algorithm used to estimate
indoor/outdoor measurements with >90% accuracy.

Tutela will upgrade CRC Colombia database with an
indoor/outdoor field to make it simple to filter and analyse
traffic between these types.

"o . SiteMapper

' Smart Infrastructure Tracking

Tutela SiteMapper provides the estimated locations of cell
sites for any operator globally to within 110 meters
(median), updated monthly.

- Get notifications when new site locations (in a monthly

or quarterly report)

- LTE band information per site

- I[dentification of sites with highest data volume

*Please note pricing for these value added features is additional

OPENSIGNAL TUTELA=

@ Coverage Analytics
A

Coverage Holes Detection

Identifies network coverage and detects holes on all
networks. Find areas of “‘confirmed no-coverage” for
any operator. Group by clusters to find largest
problem areas.

watch demo

> ’ Video Experience Data
Embedded in SDK

Tutela executes video tests in the background of mobile
devices (within the Tutela SDK) playing videos at a random
time of the day for each user from YouTube and Tutela's
CND platforms.

Collecting 17 KPIs related to video performance by
operator, location, and time of day.

11
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Pricing

Products Product Configuration Annual Price (USD)
Raw Data Colombia network QoS data All operators, including WiFi $ 300,000
(Datos Crudos) 18 months of historical data
500 million rows of capacity. Unlimited users and dashboards. $ 250,000
Tutela Explorer Approximately 5 months of historical data

Bundle Discount $400,000

e 1-year subscription
e We would be happy to discuss the scope and price of the products and understand further the CRC Colombia

requirements.

12
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General Terms and Assumptions

Data for internal use only

OpenSignal/Tutela's standard contract (MSA) will be used.

Delivery terms: within 2 weeks after PO and signed contract is received
Payment term will be 30 days

Initial term is 12 months and cannot be terminated by convenience

All pricing exclude withholding taxes

The prices are in USD

13



-3 - "'.-5 — ¥
- ".‘
- -~

® > |
Our Methodology and Use Cases



Tutela Data

OPENSiGNAL TUTELA=

Installed on millions of devices globally capturing billions of measurements per month

Over 190 KPIs collected

Device Data - Make, model, SIM provider
Location Data - Latitude, longitude, altitude, speed
Quality of Service - Download/upload, loss, latency, jitter
Connection Data - Site, sector, service provider, band, Wi-Fi
RF Performance - Signal level, quality, noise

- Hosted by Google BigQuery
Web-Based SQL interface

- Tutela Explorer visualisation
tool

N

J

N

All data is anonymous and fully compliant with GDPR, CCPA and COPPA

Tutela provides access to both raw data via SQL/API and Tutela
Explorer visualisation tool

15
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Measuring End -to-End Experience

{10

You

Content <«» Transport <«» Exchange <+» C(Core

<+» RAN <=9 Device =>» User
Point

Scenario

Network testing (e.q. Drive-testing)
« >

Peak Speed (e.g. manual speed test app data)
=]

Only Opensignal measures the full end-to-end User Experience
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Opensignal Real-World Data Collection

No more simulations; Millions of real-world measurements from
consumer devices.

Opensignal measures coverage:

A~

» during every-day usage
* in the places consumers go
« from the devices they use

Opensignal measures coverage the way consumers
experience Iit.

Indoor/Outdoor/ J 24/7 testing L?ngfetdo‘;ndev'ce model
Everywhere people go
Not limited to Experience not

J Always up-to date data testing on roads simulation
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Passive RF Collection Methodology

e Opensignal and 3™ party partners, metrics passively collected every 15
seconds

e \With the screen turned on:
e Determine the network layer being used (2G, 3G, 4G, 5G, WiFi)
e Sample RF measurements (RSRP, RSRQ, RSSNR, eARFNC, CelllD)
e Sample location (lat, long, accuracy, method used)
e Sample network info (SIM card, Registered network name)
e Sample Device Info (Manufacturer, Model, OS)

e \Wait 15 seconds

® Repeat

One device with 8 hours of daily screen generates 2000 measurement points per day



Use-(Cases

Benchmarking

Any network, any time,
anywhere

Road and rail
infrastructure
Trending

Strategic Network Planning

Better/worse assessment
5G priority locations
Spectrum assessment

3G Sunsetting

Competitive Intelligence

e Competitor roll-out
tracking

e Competitive strengths
and weaknesses

e Cellsite locations

e Coverage Comparison

Application Experience

OPENSiGNAL TUTELA=

Network Optimisation

e Consistent Quality

e Subscriber Experience
Index

e Video Quality

e Device Analysis

Worst cells

3G in 4G detection
Indoor performance
Hot spot detection
Congestion detection
Overshooting cells
Coverage holes

Roaming

Inbound/outbound
Hotspots

Domestic roaming
analysis

19
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High resolution analysis with statistical
confidence

Co




5G Rollout Intelligence
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Strategic Planning: 5G Rollout Intelligence

5G Samples Heatmap (Select Operator from dropdown below) 5G Sample Heatmap (Select Operator from dropdown below) M on |to FCcCom petrto r 5G o |.|._ @) ut

EE ~ 3~

Zoom to Newcastle
- v oo

- Coverage by area and
population

- 5G site locations

- 5G performance

- Devices used

Track over time - understand
when and where competitors
are deploying 5G

22
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Operator Infrastructure Tracking

% of City Covered by 5G (4) - April 2020

Location City

By Understand coverage, band usage and

technology rollout for all of your
Cardiff .
competitors

g Example shown is 5G roll-out per city

over time

London

Manchester

Newcastle upon
Tyne

Wolverhampton

000 005 010 015 020 ©025 030 035 040 045 050 085 060 065 070 075 080 085 090 095 100 105
PERCENT Coverage
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Details Data Usage and Trattic Analysis

«  Opportunity identification for 5G rollout

TUTELA=Explorer DASHBOARDS DATA MANAGER SQL EDITOR -
Y Yo Data Traffic Analysis (by Tutela) e B o 0
H H . FILTERS CLEAR Chile_ActiveOnly - 123,891,626 of 125,493,802 REFRESH SAVE SHARE DUPLICATE
« High-level data usage statistics based e ‘
Total Data (GB) Heatmap Data Transferred by ... Data Usage (GB... % DataUse o} [7 %
F S =
D aeNz78ise 2600 MHz (Band 7
O n e n d u S e rS DO::\:::\&UA! WIFI 630.01 -1 AW pevice_ SlMServ:c‘c-';}ng:derafandNanle
S 36 3376 [1700 MHz APT g \om
i MOBILE UNKNOWN 0.82 1900 MHz (Bai I Entel
// 3G ROAMING 0.84 2100 MHz (Bai : Movistar £
. ' S oo o Claro 2
« Trends of data usage statistics over ® . - T
re \ 3
| ARGENTINA g ; I
. @ 0% ‘
. Data Usage / Home ... Data Usage by ... Z‘
time o e |
= T [Biobio 99.42 i I
[Walparaiso 96.81 o |
Movistar 216.09 JLos Lagos 43.46 2399
*  Opportunity identification for - b 8
FALKLAND ' FoHiagins 39.33 S
2 ISLANDS 0.0 100 200 0.0 200 400 .
EEE. CEEN G (ISLAS Connection_C:
. 0 140k © Mapbox © oPﬂStreexM#AWMxhis map
offboarding congested networks o
Nata lleana (RR) Par Nnaratar & Citv 9% Nata Traffin Par Nnaratar
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Benchmarking

Compare performance - anytime, anywhere
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Network Performance Benchmarking

Understand how each network operator compares across important active test KPIs including
Download, Upload, Jitter, Latency and Packet Loss.

TUTELA=Explorer DASHBOARDS DATA MANAGER SQL EDITOR Q-
v? Network Benchmarking - Chile (By Tutela) o B 0
DLIERS GRESH SouthAmerica - 5915,199 of 766,405,187 REFRESH SAVE DUPLICATE
Tests By Location & X # Records By Connection Download Throughput (Kbps) Upload Throughput (Kbps)

) Mar
4 7 Zoom to

. I
T T T T T 1
0.0 2.0k 4.0k 6.0k 8.0k 10k 12k 14k 0.0 2.0k 4.0k 6.0k 8.0k
a

Average Latency By Region

# Records By Service Provider

Connaection_ServicePro...

VTR MLvil
685

]

21 M Movistar
. m Claro

o m Entel

@ mWoM

m Other

500k 1.0M 1.5M

o
=

e N .

5 54 ©Mapbox  ® OpenStreetMap . Impfove this Map i
A e el ek )4 Ll it < o

Avg Packet Loss By Service Provider

)S_LocalDate
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Find better -than

OPENSiGNAL TUTELA=

worse-than locations

Create differential maps to spot location where competitors are performing better or worse

Red shows
“worse-than”
locations for
selected KPI

HEE

Differential RSRP With SiteMapper OverLay

v Y v v v
¥ i
L v vy
v R 'Y
&
b 4 >, v
» v L -
= v
Yy 3
Y \ 2 v v > 4
T yily v v ©
A 4 Y.y v,
¥ v L= R
o A gl
/ Ve
v ¥V ’ ‘
N .
e v A/ g ww Y Vo
v ' ¥V v A,
""" Sl A
AL ‘ yyo L ;
wo o \ £ A
V' \ v
v
Competitor
site locations | “""
overlay

Impy

Green shows
“better-than”
locations for
selected KPI

Rogers
7,701,124

Bell

5,955,603

Telus

Freedom Mobile
Videotron
SaskTel
EastLink

MTS

ICE Wireless

Operator

N

Select
operators to
compare
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Track spectrum /infrastructure
rollout
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LTE Operator Infrastructure Tracking

Understand LTE coverage, Band usage, and site locations for your network and for competitors.

TUTELAvExplorer DASHBOARDS DATA MANAGER SQL EDITOR
FILTERS CLE;R

3 i
Internatia

|

. f
VAN |
'S O_Mapbox ® Oper StleetMap Improve thismap

# Records By eNodeB ID

LTE Operator Infrastructure Tracking - Chile (By Tutela)
SouthAmerica - 20,179,008 of 766,405,187

BIN: auto 1w 1d

Thu 07 Sat 09

LTE Band Name

700 MHEAWSST(Bahd 4) 3854084
(700 MHZAPT (Band 28) 3,433,001
[ 11900 MHz (Band 2) 2,288,056
2100 MHz (Band 1) 2,923
TD 2600 MHz (Band 38) 64
1800+ MHz (Band 3) 4
700 MHz C (Band 13) 1
i

Mon 11

Wed 13

0.0 2.0M 4.0M 6.0M

# Records By Sector ID

Tue 19 Thu 21 sat23 Mon 25 Wed 27 Fri29

Unique eNodeB Count

g.

(9] (]

REFRESH SAVE DUPLICATE

LTE Band By Date

Mar 05, 2019 - Apr 07,2019
Connection_Band
M 2600 MHz (Band 7)
1 1700 MHz AWS-1 (Band 4)
[l 700 MHz APT (Band 28)
B 1900 MHz (Band 2)

Mar31  Apr Wed 03 Fri 05 Apr
QOS_LocalDate

# Records By Service Provider

o
=)

3,997,985
T T T T T =1
500 1.0k 1.5k 0.0 10M  20M  30M  40M  50M  60M  7.0M
4 a

# Records By Unique Cell ID
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LTE Spectrum Intelligence

Understand coverage and performance of each spectrum band for each operator.

Visualize where operators are using different frequencies and on how many cell sites, including where
operators are rolling-out newly acquired frequency bands.
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Planning

Compare better/worse assessment - anytime, anywhere



National and Domestic Roaming

Gain insights into users that are roaming onto your network from international and domestic
providers and understand where and how much data roaming users are consuming (any network)
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LTE Coverage Dashboard

Understand current LTE Coverage compared to older generation technologies on your network and for

competitors.
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Data Tratfic Analysis

Analyze the impact of specific events in the network, when high people concentration (by time of day)

Understand where and how much data users are consuming in different regions
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Automatically identify coverage holes

Austria No Coverage Map

Find areas of “confirmed

no-coverage’ for any
operator
Group by clusters to find B
largest problem areas .
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