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1.The mobile telecommunications network

The technology
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1. The mobile telecommunications network

The technoloqgy

A The core network (CN)
A provides the functionality of services and connects to internet and telephony netwo

A The local radio access network (RAN) S ,
AO2YYSOUa SYR dzaSNDa Y20AfS RSOAOSa 0?2
A Interconnecting link between the RAN and the end usetreless

A To establish such a wireless connection requires
A an infrastructure of fixedocation transceivers = base stations or cell
A assoclated antennas

A The base stations itself require
A physical locations, such as sites, mast or building rooftops

Building and operating a mobile telecommunication network thus requires
large Infrastructure investments



1. The mobile telecommunications network

Parameters of competition

A Price of services
A Pricedifferentiation/ bundling

A Range of services
A Voice, messaging, data

A Network service quality
A Coverage, I.e., accessibility of the RN

A Distance, output power, frequency band
A The lower the used frequency, the farther the radio signal is able to travel, the large
the coverage
A Preferred frequency bands for coverage = the lowest
A 900 MHz in GSM, 2100 MHz in UMTS, 800 MHz in LTE
ACKS Of dzUGSNI 0LIKeaAOlrf 20au0NHz00A2yas oI f
A The orientation of the antenna
ACKS OKFNIOUGUSNKAIU
A Capacity
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1. The mobile telecommunications network

The investment in capacity
A Dally profile of voice and data traffic / Capacity offered

SN S & &S S S SO SN
N g N N N NS N K NZ N S, - SR 1

A Capacity adjustment
A Traffic demand in the busy hour must remain under 80% capacity
A As demand evolves, capacity Is adjusted to avoid congestion on their network
A Deployment of a new carrier

A Additional spectrum band
A Coverage layer of a new technology



2. The mobile telecommunications network

The roll-out of mobile telecommunications networks
With increased demand for data intensive services

A First, full deployment of the spectrum
A Second, use other capacity-enhancing technologies

A Third, increase the number of base stations (ie, densify the network)
A Costly

A Write Network Sharing Agreement
A Differentlevelsof network sharing
A Differentwaysto deployandoperatethe network

10



2. Network Sharing Agreement



2. Network sharing agreement

The technology concerned by the NSA

MNetwork sharing type: n Fassive AN Core

Active

RAN

—

antenna

n (optionally)

Backhaul

A EEds R R B dEE R Smm‘
(Microwave)

(optionally)

055/BSS




2. Network sharing agreement

The technology and the type of NSA
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Site locations (rent)

Masts

Power, lighting and air conditioning

Antennas

Transmission

Base station operations and maintenance
Radio design and planning
|

Multi-Operator Radio Access Network

Radio spectrum
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2. Network sharing agreement

The technology and the type of NSA

Shared sites o % Shared sites
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2. Network sharing agreement

Different types of agreement

JV Gen-split Salt and pepper
A‘ A
A A A A

Shared site . Shared site owned by Shared site owned by

owned by JV Master operator 1 Master operator 2 Independent site

15



2. Network sharing agreement

NSA in Europe

0 NSAs Not EU27+UK

19

B VOCN MORAN and MOCN
depending on the technology

B MORAN Passive

MORAN: Multi-Operator Radio Access Network
MOCN: Multi-Operator Core Network
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3. The CZ mobile telecommunications sector



3. The

CZ mobile telecommunications sector

Structure
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3. The CZ mobile telecommunications sector

Market shares

o2

[l T-Mobile

'l Vodafone/UPC
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3. The CZ mobile telecommunications sector

Capacity

800 900
2x10 2x12.4

1800 2100 2600
2x20  2x20 2x30

2x10 2x12.4 2x2/7/.8 2x20 2x20

2x10 2x10

2x2(  2x20 2x20
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3. The CZ mobile telecommunications sector

Capacity

Technology ™ Vofafone
2G 5125 4760 4020

3G 2909 2295
4G 0 O
2G 5439 4846 4197
3G 2999 2337
4G 1531 2036
2G 6147 4843
3G 3531 2336
4G 5946 4735
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4. The CZ network sharing



4. The CZ network sharing

History of agreements between T-Mobile and Telefonica CZ

A Initial 3G agreement February 2011
A 3G MORAN fozitieslessthan 15000inhabitants

A 2G notconcerned

A 2G/3G agreement  October 2013
A Theentire CZerritory (exceptPrague and Brno)

A LTE agreement May 2014
A Samegeographiagreement for the 4G/LTiechnology

LTE = Long Term Evolution

Telefonica CZ rebranded in 02

23



4. The CZ network sharing

Main features

A Objectives
A Achievinghigherspeeds of datéraffic, more extensiveoverage andgreater
efficiencyandreliability
A Coordinatedoptimizationof LTE mobile networks
A Use of the 800 MHgpectrum

A Agreement
A Sharing of passive and active infrastructure for 20 years
A CZentireterritory
A ExceptPrague and Brno = 17% of the population (20 to 30% oftdttec)
A Populationdensity, demandlevel decommissionin@f sites
A Geosplit

Master
Visitor

24



4. The CZ network sharing

Geo-split

25



4. The CZ network sharing

Population density in CZ

. Podet obyvatel v obcich
. il > .
o .10 000

O 100 000

obce nad 500 obyvatel

~ Osidieni v Geské republice

~ Settlement in the Czech Republic = =

| Mumbbawr'eé with 500 inhabitants and more

110
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4. The CZ network sharing

Main features

A Objectives
A Agreement
A Sharing of passive and active infrastructure for 20 years
A CZentireterritory
A Geosplit
A Provisionsegardingindependentandunilateraldeploymentof sites
A Stations In norsharedsites

A Independent siteR 2 \feQuirethe cooperationof the other operator
A Unilateralsites : sites of th@isitor operatordeployedandoperatedby the masteoperator

A Pricing anpayments
A Information flowsbetweenthe parties
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4. The CZ network sharing

Main features

A Objectives

A Agreement
A Roll-out of the shared network
A Rapid :
Shared sites 2014

LTE 800 318 4751
Area A 0 2397/
Area B 318 2354

A Additionalcapacity(TM LTEeployment/ Resource blocks)

800 1800 2100 2600
334300 134900 1350
334300 61900 186225 250

4 /0550
382675

28



5. The Commission Theory of Harm



5. The Commission theory of harm (TOH)

Relevant market and legal basis

A Markets
A Geographic market: The CZ

A Products

A The provision ofetail mobiletelecommunicationservices
A Thewholesaleservices foaccesgo public mobile networks

A Article 101(1)
A Prohibition ofagreementsvhich may affectrade betweenMember States

A Timing of the case (Oral hearing: September 2020)

40305 Network sharing - Czech Republic

== = e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

| Companies: CETIN Ceskd telekomunika&ni infrastruktura a.s. / 02 CZ / T-Mobile Czech Republic a.s.
| Economic Activity: J.61 - Telecommun ications
Events: Date Document Type Documen t

Commission sends Statement
of Objections to 02 CZ,
CETIN and T-Mobile CZ for
their network sharing
agreement:

en

07.08.2019| Press Release

Presse Release:
en

25.10.2016| Press Release

25.10.2016| Opening of Proceedings en B Published on
25.10.2016

________________________________________________________________________________________________________________________________________________________________________________



5. The Commission theory of harm (TOH)

Main concerns

A Restriction of competition by effect

A Likely effects
A Market structure anccharacteristic®f agreements

A Reducinghe incentivesto investin the network
A Delayslessexpansion, no innovation
A Counterfactual Independent active and passive infrastructure would haneridedmore
Incentiveto compete

A Information exchange
A Collusion Is possible

A Actual effects
A Limitations of thedeploymentof technologies angapacities
A Poorerqualityin the East
A Pricesare too highcompareadto other European countries
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5. The Commission theory of harm (TOH)

Main concerns

A Restriction of competition by effect
A Likely effects

A Actual effects
A Pricesare too highcomparedto other European countries

---------

- - . 4 % 18
“—é"——.’ S : — - -y ’ e e _BI“‘n“J—‘

100MB, 30 Calls, 100 SMS

500MB, 100 Calls, 140 SMS 37.79 17.61

1GB, 300 Calls, 225 SMS 43.68 o 23.62 -
2GB, 900 Calls, 350 SMS 46.57 1 31.39

2GB, 30 Calls, 100 SMS 46.57 +23.92 N

5GB, 100 Calls, 140 SMS 58.42 ] 31.80 .
5GB (Data Only) 26.34 - T 16.73




6. The call for an economic analysis



6. The call for an economic analysis

Main challenges

A Effect of the NSA on
A Prices
A Quality
A Consumemvelfare

A Issue
A Cooperationon investment
A Impact onqualityandprices
A Competition orpricesandquality
A Impact oninvestment
A Questions
A |Is thecooperationof two operatorsdrivingthe marketoutcomefar from the
competitiveequilibriunt?
A Is the NSAvelfareenhancingcomparedto acounterfactuawithout NSA?
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6. The call for an economic analysis

Potential effect

A Pro-competitive
A Smallercost of infrastructure
A No duplication
A Passthrough
A Lowerprices

A Densemetwork
A Betterquality

A Anti-competitive
A Cooperationon investmentcouldfacilitate collusion orpricesand/or quality
A Lowerqguality becauseof compromisamplementation

A Due todifferencesin the geographidistribution ofusersamongoperators
A Geographic impact
A Lesgdenselyversus higldensilyareas

35



6. The call for an economic analysis

Literature

A Competition, Innovation and investment
A Schumpeter (1942)
A Arrow (1962)

A Merger and investment

A Theory
A Federicol.angusandValletti (2017, 2018)
A Motta and Tarantino (2017)
A Denicoloand Polo (2018)
A Bourreau and Jullien (2018)
A Jullien and Lefoulli (2018)

A Empirics
A Aguzzoni et al. (2015)
A Genakosyallettiand Verboven (2018)
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6. The call for an economic analysis

Literature

A Competition, Innovation and investment
A Merger and investment

A Dynamics of the mobile telecommunications industry
A Jeanjean and Hougbonon (2017)
A Bourreau, Sun and Verboven (2018)
A Elliott, Houngbonon, lvaldi and Scott (2020)
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/. Effect of CZ NSA on prices

Methodology

A A difference-in-differences analysis
A The NSA Is a change In the market

A ldentify the averagenet effect of the NSA In CZ bgmparisornto countries with no

NSA, on thsamebasis
A Treatment= CZ
A Control group = European countries with no NSA

A Database
A Teligentariff data

A Quaterlydata from 2010 to 2019
A Tariffsof two biggestMNOsper country for 36 countries (25 European)

A Challenge
A Complexityof tariffs of telephoneproducts
A Bundle of services/Qice messaging, data)
A Nonlinearprices
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/. Effect of CZ NSA on prices

The NSA dummy

A Combined effect of 2G/3G NSA and 4G NSA
A Agreementssignedwith short timeintervals

A Bothtechnologies have theameobjective:to enlarge the scope of data services and
to adapt tariffs to datantensive usage
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/. Effect of CZ NSA on prices

Construction of a price index

A The representatlve basket expenditure
A | a SeNgieaditurefor arepresentaiveusage profile of mobiléelephony

A Computation
A Combine detailed price data on each tariff with a certain usage basket reflecting a ¢

amount of monthly consumption (i.e., volumes, durations, distribution of calls, SMS
and data)

OECD (2010, 2012) Usage Basket Volumes
for Monthly Consum ption

Basket Name Calls SMS Data
—---(MDb)----
OECD1 30 100 100
OECD2 100 140 500
OECD3 300 225 1,000
OECD4 900 350 2,000

OECD5 100 140 2,000
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/. Effect of CZ NSA on prices

Descriptive comparison of RBE

A The control group
A European countries similar to CZ withauty active NSAs

A Belgium, Estonia, Germany, Italy, Luxembourg, Netherlands, Norway, Portugal,
Slovakia, Slovenia and Switzerland

OECD 1 OECD 2 OECD 3

Average RBE (EUR)
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/. Effect of CZ NSA on prices

Temporal pattern

Percentage-change-in-RBE-in-the-Czech-Republicy]

Baskets
Period OECD1 OECD2 OECD3 OECD4 OECDS
i Q)
2010Q1 -20124 58 4.4 -7.2 305 278
2014Q1-2019Q2 8.1 -11.1 253 -50.0 -16.5
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/. Effect of CZ NSA on prices

Model

where for country ¢, operator o, tariff i at period #:

log(pc,o,i,t) is the logarithm of the RBE;
D, 1s the Czech Republic fixed effect;

NSA,erioq 1s the NSA fixed or time-specific effect, taking the value 1 from the
specified period onwards;

D¢z * NSA,cq, 1s the treatment, 1.e., the Czech Republic NSA effect for year;
AGDP, ; 1s the growth rate of the GDP per capita;

logMRT, ; 1s the logarithm of MTR;

Ut 1s the country-specific time trend;

ZC’O’EE@Q . o!Dc* A8 the country-operator fixed effect, where:

o (): The set of operators;
o E: The set of countries in the treatment and control groups.

D5012011s a dummy variable for the period Q1-2012 (which corresponds to the

introduction of the data component in tariffs included in the Teligen dataset);
and

8.0 1s the quarter-specific effect.

log(pc,o,i,t) = a+ D¢z + YNSAz01401 + 81(Dcz * NSAzp14)

6,(Dcz * NSAzp15) + 63(Dcz * NSAzp16) + 64(Dcz * NSAzp17)
85(Dcz * NSAzq1g) + 56(Dcz * N5A2019Q1—Q2) + A{AGDP, ¢

+ A,logMRT,; + pict + Z i, D + VD201 + 0:Q

c 0'EERN

T Ec,o,i,t

I The effect of the NSAs on prices in the Czech Republic

I The overall evolution of prices in the Czech Republic

I The overall evolution of counterfactual prices (i.e., prices in the countries of the control group)

I Demand and supply changes that impact both prices in the Czech Republic and the counterfactual prices
I The heterogeneity between operators and the prices that they charge
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/. Effect of CZ NSA on prices

(1) (2} (3) 4 (3)
R esSu I t S In(RBE) OECDI1 OECD2 OECD3 OECD4 OECDS
Treatment effect:
Yearl -0.190%** -0 185% %= -0.201%** -0.226% -0.216%**
(0.000) (0.000) (0.002) (0.055) (0.003)
Year 2 -0 192%%* -0.316%%* -0.279%** -0.417%%* -0 300%**
(0.001) (0.000) (0.001) (0.006) (0.003)
Year 3 -0 290%%* -0.360%** -0.201%* -0.339*%* -0.326**
(0.001) (0.000) (0.027) (0.033) (0.011)
Year 4 -0 482%%* - 350% %% -0.103 -0.204 -(.342 %%
(0.000) (0.001) (0.330) (0.227) (0.032)
Year 3 -0.596%%* -0 405%=* -0.022 -0.130 -0 404 %=
(0.000) (0.002) (0.855) (0.482) (0.038)
Year 6 -0 5T0FR* () 490* ** -0.042 -0.183 -0.506%*
(0.001) (0.002) (0.764) (0.361) (0.026)
Treatment group dummy -1.021%%* -0 962%** -0.568%** -0.220%** -1.008**=
(0.000) (0.000) (0.000) (0.000) (0.000)
Treatment period dummy -0.042 -0.048 -0.112% -0.234%* -0.036
(0.214) (0.154) (0.056) (0.048) (0.583)
Log MTR 0.028 0.111%* 0.096* 0.143%*%=* -0.043
(0.627) (0.039) (0.061) (0.009) (0.554)
GDP per capita growth -0.266 0.933 1.138 0.305 -0.808
(0.666) (0.313) (0.353) (0.850) (0.642)
Dummy for 2012 Q1 0.348%%* (_328%** 0 257%** 0_390%*=* (. 504%%*
(0.000) (0.000) (0.001) (0.000) (0.000)
Constant 3. BT2R* 4 JIgER* 5.142%%* 5.538% % 4 371%%*
(0.000) (0.000) (0.000) (0.000) (0.000)
Observations 3760 3744 3737 3722 3722
Ady. R 0.651 0.735 0.762 0.681 0.672
EMSE 0.279 0.261 0.299 0459 0.298
Country-specific trend Yes Yes Yes Yes Yes
Quarter specific effects Yes Yes Yes Yes Yes
Period fixed effects No No No No No
P-values common trend test 0.1405 0.1684 0.0020 0.0960 0.3409
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/. Effect of CZ NSA on prices

Results

Resulting RBE change for the main specification

Basket OECDI1 OECD?2 OECD3 OECD4 OECDS
Year: e 00 ==mmmmmm e e e e
2014 -17.35%%%* -16.96%** -18.36%** -20.68* -19.56%**
2015 -17.58%%* =27 2FF*E =24 55%%* -34.6]1%** -26.19%**
2016 -25.29%%* -3(0.33%%* -18.48%* -29.41%*% -28.21%%
2017 -38.45%%%* -3(0.38%** -10.27 -19.5 -29.68%**
2018 -45 2 5%%* -33.65%%% -2.91 -13.63 -34.22%%

2019 Q1-Q2 -43.9] %% -39.19%%* -4.96 -18.28 -4(0.9%*

A @Plexp(0.56(y) )]-1
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/. Effect of CZ NSA on prices

Results
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/. Effect of CZ NSA on prices

Robustness checks

A Check If the effect is only after 2014

A Common trend test / Ashenfelter trend test
A Before the changes, all countries follow similar trends

A Forward looking effects of NSA
A Check for 2018 and 2019
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8. Effect of CZ NSA on quality




8. Effect of CZ NSA on quality

Methodology

A Database

A Ooklaspeedtestdata
A Datacollectedwhenuserstest their mobile internetconnection
A Information on download speedploadspeed,latency

A Quaterlydata 2011¢ 2019
A Onlyfor CZoperators(O2, TMCZ, Vodafone)

A Before — After analysis

A DIDanalysisnot implementable

A Possible candidates for control group
A Vodafone buimpactedby the NSA
A Prague and Brno butannotallowto disentangleNSA and 4G effects
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8. Effect of CZ NSA on quality

Statistics

Average download speéd Ey ﬁﬁératﬂr, period, and area

Operator Period West East Prague Brno
............................ Mhbit/ g e

Before NSA 4.65 3.60 7.17 3.41
IMCZ After NSA 28.06 23.02 31.61 30.80
2018 Q1 — 2019 QQ2 44 .25 37.06 51.63 63.13
Before NSA 2.71 3.02 2.78 2.48
02 After NSA 18.54 20.29 24.42 25.69
2018 Q1 - 2019 Q2 2749 32.18 38.95 46.67
Before NSA 3.33 4.96 6.07 .44
Vodafone After NSA 28.05 27.56 35.65 39.39
42.92 43.44 38.52 38.25

2018 Q1 — 2019 Q2
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8. Effect of CZ NSA on quality

Methodology

A 16% difference between West and East 2¢

A Download speed to download average monthly data usage 2019 = 5.6Go
A West = 127 seconds

A East = 151 seconds
A Difference = 26 seconds imaonth/ 312 seconds In a year

A Average annual wage In CZ =104/76 € / Annual working time = 1792 hours
A Value on one second for averageCZcitizenT n®nnmc ¢

A Population of the East of CZ = 7,6 millions

A Value of the lower download speed in the East = 3.794 M€
A 0.05% of the total consumer surplus
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8. Effect of CZ NSA on quality

Model
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