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Body of European Regulators
for Electronic Communications

BEREC QoS - Policy principle

> In the ever-connected, globalized and digital environment, ECSs play a key role in

citizens’ everyday activities.

» The QoS is a crucial factor for both customers and SPs and it is becoming increasingly

more complex to manage, measure and regulate it.

* QoS can be impacted by many factors at the network level and along the value
chain, including devices, hardware, infrastructures, services and applications.
» Regulation is intended to:

* help improve the end-user experience;
» |ead to greater competition and investment;

» benefit all the different players in the digital ecosystem.

» EC and BEREC has undertaken a complex work aimed at achieving one of the very

clear objectives of the EECC: empowering and protecting end-users.



Body of European Regulators
for Electronic Communications

BEREC BEREC End Users WG and QoS

BEREC Guidelines on QoS (March 2020)

» Legal Basis: in accordance with Art. 104 EECC, by 21
June 2020, in order to contribute to a consistent
application of the Art. and of Annex X, BEREC shall, after
consulting stakeholders and in close cooperation with the
EC, adopt guidelines with the aim of defining:

* QoS parameters and measurement methods for ICS
and IAS;

* QoS parameters and measurement methods for end-
users with disabilities;

» the content and format of publication of information;

» the quality certification mechanism.




BElEc QoS Measures ICS
RES Benchmarking 2019

Measures in Place: Fixed ICS Networks

Supply Time for Connection |
Fault Rate per Access Line I
Fault Repair Times I
Bill Correctness I
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Provision of Information to Consumers Regarding the Indicators Measured

QoS Measures

Publication of Performance in Relation to Measures
Requirement to Incorporate QoS Parameters in Users’ Contracts
Frequency of Clients’ Complaints

Resolution Time for Complaints

Complaints on Pre-Paid Lines

Measures Taken by Providers to Ensure Equal Access for End-Users with a Physical Disability
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QoS Measures Mobile & IAS

for Electronic Communications

BEREC Benchmarking 2019

Specific Measures in Place for End-Users with Disabilities

NRA Stated Specific QoS Measures in Place for Mobile
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Measures in Place: IAS

Publically Available Measurements of Achievable Speeds

Speed is Measured on Drive Tests/ Railways Journeys & Made Public

Minimum Guaranteed IAS Speed for Fixed and Moblle Networks _
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BEREC QoS Parameters

The Guidelines provide definitions and measurement methods (ETSI, ITU, IETF, 3GPP) for
ICS and IAS QoS parameters.

Table 1 — QoS Parameters for ICS as set out in Annex X

Supply time for initial connection Call signalling delays  Voice connection quality Unsuccessful call ratio

Fault rate per access line Call setup time Dropped call ratio Call set up failure probability

Bill correctness complaints Fault repair time

Table 1a — QoS Parameters for IAS as set out in Annex X
Latency (delay)
Delay variation (jitter)

Packet loss ratio

Table 2 — QoS Parameters not set out in Table 3 — QoS Parameters for end-users with

disabilities

Annex X

. . Voice communication
Response time for operator services (Customer

Care Services — Help Desk) Real-Time Text

Customer complaints resolution time . c .
Video communication
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BEREC Publication of Information and
Quality Certification Mechanisms

Publication of Information

» NRAs may require SPs to publish comprehensive, comparable, reliable, user-friendly and up-to-date

information on QoS where it is demonstrated that such information is not effectively available.

» Information should be accessible for the broadest possible group of users (disabled, elderly, with special

social needs, etc.).

» NRAs could oblige SPs to directly publish information via their own communication channels or through

third parties, and to provide information to NRAs to publish simultaneously on NRAs websites.

Quality Certification Mechanisms

» The NRA should determine what factors are to be taken into account when choosing a quality certification

mechanism.

» The certification shall ensure that the quality monitoring fulfils requirements (accurate, enables

comparison, open, safe, future proof, accessible).
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OECD & BEREC QoS and QoE Webinar (Part |)
Open Internet WG
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BEREC QoS, QoE and network performance

«  BEREC has been studying these topic for past 10 years

Quality of Experience (QoE)
< =

Quality of Service {Q0S)

Network Performance (NP)
-« >

anck4-and NP (UNI LN

4“—r 4> 4“5 4“—>r> <>

single network performances

CPE _I_ acces acces 1 CPE
home network network netwark [ 1| home netwark

end-user UNI : UNI end-user
core network (intercannected networks)

« Focus on evaluating QoS of internet access services (ISP’s network performance)
as the regulatory tasks from Open Internet Regulation are related to it:
* monitoring of general internet access service quality
» supervision of equal treatment of traffic and specialised services
» supervision of contract conditions
« certified monitoring mechanism
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BEREC Much more than a best effort internet

« An abstract illustration of QoS options under the Open Internet Regulation

Commercial packaging ( End-user subscription package )
of service offers / \
SpS-1 subscription
( IAS subscription ) ( P P )
Not based ( SpS-2 subscription
Commercial on commercial
practice considerations ¢
c:::SIt a:ji:h Different QoS levels Categories of traffic Specialised services
o under Art. 3(2) under Art. 3(3) under Art. 3(5)

Art. 3(3)

Based on objectively
different technical

Multiple levels
per subscription
|| QoS requirements

+— User-controlled —-c’-\ N C

Applications/services
with requirements for
a specific level of quality

One level
per subscription

-, I ",
= I5P-controlled — "« >,

A “share” of the .
Total network capacity. Technical
network May be implemented
capacity with QoS levels and/or QOS

slices. Sharing may be
dynamic or without

. . . . . reservations.
Principal illustration of network capacity >Z

architecture

(Depending an size of share, TM applied toshare,
number and kind of network elements involved etc.,
ashare leads to a specific QoS level for traffic )
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BEREC The work continues

« BEREC Net Neutrality Regulatory Assessment Methodology:

a harmonised QoS measurement methodology

detecting traffic management practices that impact individual applications
factors to be taken into account when assessing the measurement results
validation of the collected measurement results

measurement system certification

* Work continues for example on

sharing information and best practices
support NRAs in their national deployments
benchmarking the measurement systems (lab testing)

« Discussion regarding a common measurement tool are still ongoing

« Based on the benchmarking, a there may be a need to revise the measurement
methodology, but this is still to be seen.
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Connectivity providing the key link between the
loT and Al: the pillar of all sectors of the economy
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What is broadband QoS and how can it be
approached?

&> Download speeds:
* It depends on how it is measured, sample selection, and

differences in access (fixed and mobile broadband)

 Jitter, latency, web-page loading time, etc.

g? Other quality measures:

With the next evolution of networks:
« 5G and high-capacity fixed networks => QoS will depend
on network densification
« Measures of fibre backhaul will become increasingly
Important
* Resilience and robustness of networks




The importance of official broadband QoS
measurement

v Information source for policy making and regulation

 Data in hands of the market (consumers) can trigger
changes in investment and foster competition

v' Consumer empowerment
 Reduce information asymmetry

v' Overcoming sample selection effects of tests
v Achieving a harmonised measurement approach

Draft of the Revision of the 2004 Recommendation of
the Council on Broadband Development




BACKGROUND




Broadband QoS measurement at the OECD:
Historical background

« OECD Council Recommendation on Principles for

Internet Policy Making (2011):
» Measurement as a general policy direction

 London workshop on Broadband metrics, June 2012:
» Two outcomes (2012) for the vision of how to approach
broadband performance measurement

* In addition, tangible outputs of the London WS 2012:
v Agreement and adoption of a harmonised set of speed tiers
among OECD member countries:
= <1.5 Mbps; 1.5 Mbps; 10 Mbps; 25/30 Mbps; 100 Mbps; > 1 Gbps
v' Broadband availability : DSL and Fibre
v' Broadband maps




Broadband QoS measurement work at the
OECD

« OECD Report on Access Network Speed Tests (2014):
* Research for a longer-term approach
* Use of external sources (Ookla, M-lab and Steam)

« OECD Communications Outlook (2013) and the Digital
Economy Outlook (DEQO) 2015

* EXxplores the different methodologies of private sources
to measure broadband download speeds

* Reports highlighting the importance of measurement:
« The Operators and their Future (2019)
 The Road to 5G Networks (2019)

* |oT Measurement and Applications (2018)

« OECD DEO 2020




WHERE WE STAND




Broadband QoS measurement work at the
OECD: National Broadband Maps

« OECD Broadband Portal (National Broadband Maps):

v' The coverage of broadband service is mapped by access technologies in
addition to speed tiers.

Example: OECD Reviews of Digital Transformation: Going Digital in Sweden
https://bredbandskartan.se/

G
Q, Stockholms l&n X ‘ :
Area: 2 350 km?

1 077 710 households, 289 802 workplaces

Present Show more
Speed access

Missing broadband 0% *

1 Mbit / s or more 100% *

3 Mbit / s or more 100% *

10 Mbit / s or more 100% *

30 Mbit / s or more 100% *

100 Mbit / s or more 94%

Access to, including absolute proximity to broadband
30 Mbit / s or more 100% *

100 Mbit / s or more 97%

1 Gbit / s or more 97%



https://www.oecd.org/sti/broadband/broadband-statistics/
https://bredbandskartan.se/

OECD Broadband advertised speed tiers

Fixed broadband subscriptions per 100 inhabitants, per speed tiers, June 2019

m < 1.5/2Mbps m =>1.5/2Mbps; <10Mbps =10Mbps; <25/30Mbps
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OECD Broadband speed tiers (2)

Fixed broadband subscriptions with contracted speed >100 Mbps, 2018

m>100 Mbps & >25/30 Mbps

%
110
100 ro




Actual speeds: Ookla, M-Lab and Steam

Average actual download speed (fixed broadband), 2019
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Urban/rural broadband digital divide

Fixed broadband coverage in rural and total areas, >30 Mbps, 2018
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>> Mobile broadband speed tests

~—~
o
—
o
(Q\|
N
©
(-
S
vy - C
(e @)
O G
o Cc
o g
T O
c
al
©
A
@)
O
&
(@]
| —
 —
(7))
S =
m.w
o QO
d..l_
S o
o 35
s g
o &
@)
dl
c
(0]
@)
O
@®
(@)
| -
O
@
fo
o 3
O
—i

elquiojoD
allyo
BN
puejal
02IX3|N
ueder
wopbury panun
puejod

RINET

[ebnuod
ollgnday 3eno|s
ureds

Arey

Auewlas)
saJels panun
Aaxuny
ArebunH
BIUBAOIS
929319

do3o

puejuld

BIUOIST
ylewuaq
uspams
elLIsny

aouelH
eluenyll
Binogwaxn
alignday yoaz)H
puejeaz maN
wnibjag
pueazZIMS
spuejiayiaN
epeue)
AemioN
eljessny

12E7[0)Y



OECD country examples of Data Driven
Regulation

* France (Arcep):

— Providing users precise and personalised information on network
guality

— December 2018, use of APIs in operators’ set-top boxes
« Korea (NIA):

— The NIA monitors the quality of broadband providers through “in
the field” measurements, and renders the results publicly available.

Both country examples (and others) are featured in our
forthcoming publication:

Digital Economy Outlook 2020
(Chapter 3: Access and Connectivity)




GOING FORWARD




The combination of the loT and Al generates massive
// amounts of data....

..placing new demands on communication infrastructure
today and in the future

‘industry

transport

*health

Billions of devices
will connect through

5G networks and will TR AUTONOMOUS
use/embed Al SMART DRIVING
HOSPITAL 16B/ SECOND
4000 GB/ DAY CONNECTED
FACTORY
1MILLION GB/DAY

Source: Intel



Indicators that become increasingly important
with the next evolution of broadband networks

« Measures on resilience and robustness of networks

- Latency and reliability will be key for the usage case
scenarios of 5G with an loT world in mind:

— Massive and disperse machine communications vs. critical IoT
applications

« 5G: quality of service parameters per “network slice” catered
to different usage case scenarios?

« Underlying factors determining the quality of service of the
next evolution of fixed and mobile broadband networks:

— The importance of measuring backhaul availability
— Efficient spectrum management

« Digital security of networks




>> Conclusions: The role of the OECD In

broadband QoS measurement going forward

Continued collaboration with BEREC
— On broadband QoS measurement
— And other highly relevant policy topics

Role of OECD: harmonising measurement (and definitions)

— What we have achieved so far:
« Download speeds (only one dimension of QoS)
* Long road that started in 2012

Going forward for discussion among countries:

— Improving mobile networks QoS indicators

— Other indicators (resilience, latency, digital security, etc.)
— Indicators on wholesale inputs influencing QoS

Revision of the 2004 Recommendation of the Council on
Broadband Development




Thank you!

OECD CISP Secretariat

Alexia.Gonzalezfanfalone@oecd.org & Frederic.Bourassa@oecd.orqg

Further reading: S .

. 2020-OECD Broadband Portal: @) OECD
https //WWW OECd orq/StI/broad ban d/broadb - OECD Home Countries Topics « Coronavirus (COVID-19)
an d Stat|St| CS/ OECD Home - Direstorate for Seience, Technology and Innovation - Broaghand and felecom - Broadhand Fortal

Broadband Portal

Policy makers must e ne a range of indicators which reflect Methodology
the status of indivi dualbroﬂdband markets.

e 2019-Theroad to 5G networks:
https://doi.org/10.1787/2f880843-en

e 2019- Operators and their

future: M e
https://doi.org/10.1787/60c93aa7-en

e 2018'|0T measurem ent and + Penetration and data usage

ap p I I C a.tl O n S . + Household and business usage
https://doi.org/10.1787/35209dbf-en

s page proi access to a range of broadband-related FAQ
tﬂt stics Dﬁ‘lh red by the OECD
The OECD has identified the five main categories below which are ©020Pand access network speed tests by country
important for assessing broadband markets.

+ Coverage and geography (national broadband maps)

+ Prices and mobile termination rates

+ Speeds



mailto:Alexia.Gonzalezfanfalone@oecd.org
mailto:Frederic.Bourassa@oecd.org
https://www.oecd.org/sti/broadband/broadband-statistics/
https://doi.org/10.1787/2f880843-en
https://doi.org/10.1787/60c93aa7-en
https://doi.org/10.1787/35209dbf-en
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QoS used as a policy tool in France

Audrey Goffi

June 231, 2020



Introduction

- Arcep’s data-driven regulation policy

1/ Collect data from several 2/ Stock and
| producers | analyze )

3/ Publish information

to end users

@

Arcep’s data

Operators’
data

Users’
alerts

\ Crowdsourcing /

Partners’ data

L Fo

-

K Formatted \

information

Improved maps

Observatories
Raw data

4/ Change
.. behaviours

/Virtuous circles\

Encourages actors
to invest in order to
differentiate

Stimulates public

\ Open Data J

Action in case of an
obligation not respected

debate
\_ J




Introduction
Arcep’s user inform_ation tool on mobile networks: Mon réseau
mobile (« My mobile network »)

Two complementary dimensions giving end users a photography of mobile coverage and
QoS/QoE in France

Mobile coverage Quality of Service (QoS)

* Mobile coverage maps in calls/texts (2G) and * Results of Arcep’s annual QoS campaign

mobile Internet (3G and 4G) carried out outdoor, indoor and incar
* Theoretical data : maps designed by operators * Measured data : tests carried out by Arcep
by computer simulations and verified by Arcep through a service provider
* For calls/texts, multi-level maps ; for Internet,
binary maps
\ J \ J

[ Every information published in open data, on the website « data.gouv.fr »
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Mobile coverage

- Coverage maps verification process

MNQOs provide Arcep with coverage

‘ maps for voice/texts (2G) and data (3G
and 4G)

Arcep carries out a yearly « accessibility
‘ campaign » to verify the reliability of these
coverage maps

Arcep publishes these maps
on monreseaumobile.fr
and in open data on
data.gouv.fr

."'"'“

LEGAL FRAMEWORK : ARCEP’S DECISION NUMBER 2016-1678 DEFINES MAPS CONTENT, TRANSMISSION
PROCESS AND VERIFICATION PROTOCOLS




Mobile coverage

- Arcep’s « accessibility campaign »

* Yearly campaign, alternatively voice/texts and data

* Funded by operators

* App. 31 000 km? per year, in app. 10-15 zones

 « Light » tests:

* Calls/texts: success rate for obtaining a
ringtone under 30 seconds

1|' * Data: success rate for downloading a small file
(512 octets) under 15 seconds

* App. 200 000 measurement points

A coverage map is considered reliable if 95% or
more of the tests carried out in the zone deemed
covered by the given operator are successful

e Obligation of results rather than obligation of means

—~————

qu

What if a map does not pass the 95% reliability treshold?

1. Local rectification of the map or rectification of the simulation software’s settings

2. Local actions on the radio equipments (no modification of the coverage map)

3. Identification of the cause of failure e.g. site breakdown (no modification of the
coverage map)




Mobile coverage

yg‘;vs segment: increasing the reliability treshold from 95%to
(o]

/ Why? \ / How and when?

With the evolution of use cases, . January — March 2020: public
consumers’ demands towards the ltati
sion and the reliability of R
precision —and - _ Y * Late March 2020: publication of
mobile information have increased ‘i iy
o | dife an Arcep decision modifying the
Users had reporte ifferences decision 2016-1678

between coverage maps and their | |, .00 nper 2020: the modified
experience, underlining the maps decision comes into force

insuffi’cient reliab.itl)i-tly . « Before the end of 2020:
Arcep’s  accessibility ~ campaigns transmission of the first maps by

show different reliability rates
the operators
between operators

4 What? )

Reliability treshold increased from 95% to 98%, with 3 levels:
* Overall reliability treshold at 98%
* For every zone > 1 000 km?, reliability treshold of 98%
\ * At the local scale, for every zone > 100 km?, reliability treshold of 95% J
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Quality of Service

- Arcep’s annual QoS campaign

* Yearly campaign
* Results published each fall
* Funded by operators
* On the whole territory (mainland and overseas)
* App. 1.5 million measurement points
 « Complex » tests:
» Calls/texts:
* Texts: success rate for receiving a
I—?—' text message under 10 seconds
v e (Calls: success rate for maintaining a 2
&3 mn phonecall with perfect quality

 Data:
* Web: success rate for loading a web
@ page under 10 seconds _
* Download: success rate for receiving @ Measurements in places of
@ a 10 Mo file and sending a 2 Mo file life

under 60 seconds
)  Speed: measuring downlink and
uplink speed
@ » Streaming: success rate for watching
a 2 mn HD video in perfect quality

@» Measurements on transport
paths




Quality of Service

Insights from the 2019 QoS campaign results

i

Tenwms with o pop.
off under 10,000

© 70 -
E 60 - EzHigh density
2 o
£ 46
T 40 - Medium density
o 32
g 30 1 +100%_~ 28
] J 24
3 2 17 / Rural
© 10 4
§0] — T
< 0 T T T
2016 2017 2018 2019
Calls maintained for 2
mintes with perfect SMS recihved in Average speed when Average speed when Two-minute video with  Web page loaded in
under 10 seconds dowmnboading a file sending a file perfect quality under 10 seconds

quality

—a

Débit descendant Débit montant

Débit descendant Débit montant

Vidéo en ligne  Mavigation Web

Vidéo en ligne

Navigation Web

10



Quality of Service

- News segment: integrating measurement carried out by third
parties to Mon réseau mobile (1)

In late 2018, Arcep published two
documents enabling third parties (local
collectivities, companies, public services
services...) to carry out their own tests:

« The Regulator’s Kit, a guide of Arcep
measurement protocols in controlled
environment both for accessibility and
QoS tests, notably providing reusable
technical specifications

e A Code of Conduct for crowdsourcing
actors, setting minimum transparency
and quality standards

» This Code of Conduct applies to both fixed and mobile actors

» Crowdsourcing actors can declare themselves compliant to this Code of Conduct — on
the fixed part, these actors will be eligible to the « Access ID Card » API designed to
characterize user environment

» This Code will be updated by the summer 2020

X Arcep &t o B



Quality of Service
News segment: integrating measurement carried out by third

- parties to Mon réseau mobile (2)

N

« On April 10th, 2020, \3
Arcep published for the [ e
first time on Mon réseau 4
mobile the results of tests /
carried out by third | {
parties on several / ;
territories and on the -

railway networkl e T : r
Ex. Cher (Arcep’s data)  Ex. Cher (local authority’s data)

* Publishing these data provides end users and public authorities with a more detailed
picture of mobile connectivity on these territories

* It should be noted that Arcep provided these third parties with a technical support prior
to publishing these data:
* Proofreading technical specifications
* Verifying the consistency of the results
* Analysing the results

Disclaimer: tests results from local authorities cannot be interpreted in the same way as
Arcep’s tests results, and one should not attempt to calculate KPIs from these results




Thank you for

listening

Useful links:
Mon réseau mobile (French version)

Results of the 2019 QoS campaign (English version)

Arcep’s decision 2016-1678 on coverage maps (French version)
Regulator’s Kit (French version)

2018 Code of conduct (English version)

Audrey Goffi
Tél : + 33 (0)6 95 11 41 41
Email : audrey.goffi@arcep.fr

www.arcep.fr

e rce les réseaux
/ comme bien commun
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https://www.monreseaumobile.fr/
https://en.arcep.fr/news/press-releases/p/n/mobile-service-quality-1.html
https://www.arcep.fr/uploads/tx_gsavis/16-1678.pdf
https://www.arcep.fr/fileadmin/cru-1589991844/user_upload/Kit_du_regulateur_v04-2.pdf
https://www.arcep.fr/uploads/tx_gspublication/code-of-conduct-internet-qs-2018_EN.pdf

Quality Evaluation of Telecom Services
In Korea and Future Direction

June 23, 2020
Lee Yeong-ro, Vice President (lyr@nia.or.kr)
NATIONAL INFORMATION SOCIETY AGENCY

N IA NATIONAL INFORMATION
SOCIETY AGENCY



Quality Evaluation of Telecom Services
In Korea and Future Direction

O1 | Background and Procedure of Evaluation
02 | Summary of 2019 Quality Evaluation’

03 | Outcome of Evaluation and Future Plan



01 Background and Procedure of Evaluation

Background of Quality Evaluation

__Urban M8 Rural

Population 1t Population |
Investment { Investment |
Good Quality

Poor Quality

X

Significant quality gap in
telecom service between
urban and rural areas

Problem 1.
Equal Price but Different Quality

(depending on geo—environment and population density)

Problem 2.
Insufficient Quality Information to the Users

Problem 3.
Lack of Coverage Information

Annual Evaluation of QoS
and Open it to the Public



01 Background and Procedure of Evaluation

Procedure of Quality Evaluation

M Step1. Selection of Target Services

Wired Wireless Not to measure the best technical Capacity

100 Mbps Wi-Fi > & + A |
1 Gbps 3G, 4G(LTE) ut to measure the quality that user experience
using real end user devices (Smartphone, PC)
10 Gbps 5G

M Step2. Establishment of Measurement Scheme

Organising Working Group
that is independent on Stake Holders
to secure relevance of whole process

il

To determine measuring terminal
(End user devices : Smartphone, PC)

To determine method and metrics
(Throughput, Delay time, etc-+*)

11}

To set—-up final Evaluation Plan




01 Background and Procedure of Evaluation

[Reference] Method and Metrics

M Measurement Method

Wired - Wireless
Internet Network

Install Measurement Servers 10 Gbps or higher links Real End user device
at the IDC of each providers to each measurement server used to collect data



01 Background and Procedure of Evaluation

[Reference] Method and Metrics

M Measurement Metrics

Throughput(Mbps) Transmission and reception speed between terminal device—-measurement server
Connection success rate(%) The rate of successful calls by attempting to connect to the measurement server

Transmission success rate) The rate of calls connected to the measurement server and transmitted at a certain speed

Wireless Round trip latency(ms) Time to transmit a signal to the measurement server and to receive a response signal
Packet loss rate(%) The rate of data that was not received during data transmission and reception
Web—page loading time(sec)  Time until all screens of web page are displayed on the terminal device
Throughput_Intra(Mbps) Transmission and reception speed between terminal device-measurement server
Wired Throughput_Inter(Mbps) Transmission and reception speed between terminal device—web portal provider server

Web—page loading time(sec)  Time until all screens of web page are displayed on the terminal device

Only for 5G to 4G

“pG” Re—direction Rate() The rate of network switching on to 4G network while using 5G network




01 Background and Procedure of Evaluation

[Reference] Method and Metrics

M New Metrics for 5G Service Evaluation : 5G to 4G Re—direction Rate

5G — LTE —5G
% BG service coverage map by providers (June 2020)

Low coverage rate, Frequent 5G Connection Off,
5G Island Switching On to 4G



01 Background and Procedure of Evaluation

Procedure of Quality Evaluation

M Step3. To perform field tour and measurement



01 Background and Procedure of Evaluation

Procedure of Quality Evaluation

M Step4. Collection of Data and Validation




02 Summary of 2019 Quality Evaluation’

Wireless and Wired Internet Quality in 2019

M Quality of Wireless Internet Services

% 2018 results in parentheses ( )

,7e | 198.53 Mbps =~ 42.83 Mbps
(150.68 Mbps) (43.93 Mbps)

5.50 Mbps
3G (6.08 Mbps)

(305.88 Mbps) (290.25 Mbps)

1.73 Mbps
(1.89 Mbps)

99.98%
(99.97%)

99.565%
(99.30%)

99.93%
(99.98%)

99.18%
(99.43%)

98.43%
(98.96%)

99.57%
(99.61%)

36.34 ms
(40.73 ms)

98.66 ms
(88.65 ms)

23.41 ms
(20.77 ms)

0.85%
(0.73%)

1.21%
(1.38%)

0.76%
(0.38%)

1.01 sec
(1.29 sec)

1.91 sec
(2.48 sec)

0.93 sec
(1.11 sec)

M Quality of Wired Internet Services 3% 2018 results in parentheses ( )

100Mbps 99.27 Mbps 98.85 Mbps 92.25 Mbps 87.86 Mbps 0.80 sec
(99.39 Mbps) (98.36 Mbps) (91.95 Mbps) (56.57 Mbps) (1.07 sec)

1Gbps 951.67 Mbps 949.19 Mbps 350.71 Mbps 294.80 Mbps 0.77 sec
P (913.83 Mbps) (907.10 Mbps) (359.53 Mbps) (238.75 Mbps) (1.07 sec)




03 Outcome of Evaluation and Future Plan

Outcomes
M Target services by years M Download Speed Improvement (National Avg)
(Mbps)
1% 25 Yores, T | Diison 2017 2018 2019 CAGR
4+ 2001 High—Speed Internet 4G 1334 | 150.7 | 158.5 9%
2006 WCDMA, WiBro o
Wi-Fi 264.9  305.9 3335  12.2%

+ 2010 Wi-Fi
+ 2012 4G(LTE)
2013 VoLTE (LTE Voice)

1G (Wired) | 873.8 | 913.8 | 951.7 | 4.4%

100M (Wired) | 99.1 994 | 993 | 0.1%

2014 Vulnerable regions
M Download speed of 4G in rural area

+ 2015 1Gbps Internet (Mbps)
2016 Coveroge Inspection | RN REOUTN RE0IG A0S0 JCHGHY
4+ 2019 10Gbps Internet AGinruralarea  99.6 126.1 128.5 13.6%

+ 2020 5G




03 Outcome of Evaluation and Future Plan

Outcomes

Average of total LTE in 2019 Major changes in 2019 (Downloadunit: Mbps)
WiFi

LTE 3G

333.51

Downlo@d (DL)

1 5 8 . 5 3Mbps 4 - p.l'gd (l:::ps

LTE service quality by area type LTE service quality of vulnerable areas

Trails
iz 51.63Mbps

., 77.56Mbps
e 17.34Mbps L 16.69Mbps

_ 221.33Mbps & 116.91Mbps
- 42.76Mbps 29.98Mbps

96.14Mbps
25.56Mbps

69.92Mbps  uame
il o |

m 21.33Mbps

Zin 158.70Mbps

@ 194.28Mbps
: , [ 62.84Mbps  *== 48.53Mbps 2
s B . — S
Downlogd (DL) 158.53mbps | Downibad (DL) 67 .29 mops
upload(UL)  42.83mops 17.92Mbps | upload (UL) 19.06mbps

.

Open quality information to the public
In various types by provider, service and region



Thank You
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