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This is thehird quarterly report of the 5G Observatory for tfiest quarter of 20B.

1.1. Status of 5G deployment in Europe and assessment against the 5G
Action Plan

On 14September 2016, the Commission launchhd 5G Action Plato boost EU efforts for the
deployment of 5G infrastructures and services across the Digital Single Market by &@20
comprehensivecoverage by 2025The action plan sstout a clear roadmap fopublic and private
investment on 5G infrastructure in the EU.

The European 5G Observatgpyovidesupdates on all market developmenta EU28, including
actions undertaken by the private and public sectors, in the field oftsBsopresents an analysis of
the strategic implications of the 5G Action P&rd other public policy objectives

European mobile operators have been working for two years with equipment manufacturers and
vertical players on various trials in order to validat® Qa O Klla-Mérch 201 Htdves clear

that they are heavily involved in 5G testing with7 trials reportedat that time (up from 138 in
Q4/2018)in EU28 countries

Duringthe first quarter of 2019manyEuropean mobile operato@e prepamgthe deployment phase

as the first 5G smartphones are expected to be availabtee second quarteof 2019 In June 2018,
Elisaalreadyannounced availability of a commercial 5G netwarf’ ¢ I YLISNBE > CAyYf I yR
capital city of Tallinnln late 2018,0range started tcannounce detailed plans regarding 5G network
deployment and commercial launcim 2019, 5G deploymentze expectedvith tens of base stations

in many cities across Eurapéariousoperators &£ 2 Rl T2 y S 9 9have hindddyaBrduhced ¢ X 0
deployments in manjeuropearcities. Contracts with network suppliefer 5G equipmenshould be

signed in 201 order to allow full commercial service in 2020.

In Austria, obile announcedcommercial launclof 5Gwith friendly customers in rural aream
March 2019

Key trends related to the 5G Action Plan measurasvering 5G roadmaps, spectrum, early
deployment andbanEuropean multstakeholder trialsare presented inTablel:

www.idate.org © IDATE DigiWora19¢ p. 6
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Tablel: Key trendsrelated to 5G Action Plan measures

5G AP measures Key trends

Announcementdy operators, service 5G commercial launchéaetwork only): Elisa (Finland and Estonia) in Ju
providers or users 2018, Ooredoo (Qatar) in May 20IBMobile Austria in March 2019
(friendly customers).
5G commercial launches (network and end user devices): Verizon (US
October 2018Verizon will launch itmobile servicescalled5G Ultra
Wideband Networkn Chicago and Minneapolis on April, ZD19 AT&T in
December 2018 (end user devices available in Q1 2019).

South Korean MNOs in December 2@d8enterprise customers and in
April 2019 for residential customers.

No clear indication of 5G investmeriig mobile operatos.

5G planned launches: Japan in August 2020I@Rneches in 2019, notably
for NTT DoCoMautumn2019)

Promote early deployment in major urban 147trials announced in E28.33trials in Russia, Turke$an Marino,
areas and along major transport paths Switzerland and Norway.

In 2017and 201810 digital crossborder corridors were announced and
establishedor live tests of 5Gn the EU3 largescale projects have been
selected on these corridors (SGARMEN5GCroCo, 5G10BIX.

Promote parEuropean multstakeholder  Large trials are part of H20Bhase 3projects. Three projects (5G EVE, &

trials as catalysts to turn technological VINNI, 5&ENES)Sstarted on 1 July 2018 attidey willrun for 3 years

innovation into full business solutions implementing and testing advanced 5G infrastructures in EurBhtR(5 to
20 million investment).

Source: IDATE DigiWodd\pril 2019

1.2. 5G deployment outside Europe

Ly 20GKSNJ NB3IA2ya 2F GKS @g2NIRXI pD Aa |taz2 I+ @
commercial service in May 2018. Nevertheless, it should be noted that availability of mobiads

devices was expected in the first half of 2019 and that magmtbtotypes are available as of today.

N

In the USAVerizon launched its fixed wireless access seiiCxtober2018in four cities in the USA

based on a proprietary standard. AT&T also announced the launch of a mobile 5G service based on the
3GPP stanard in December 2019The servicavas restricted to friendly customers until the first
guarter of 2019and was extended to &&& additional cities during the first quarter of 204%izon

also launched a mobile service in Chicago and Minneapolis in Bpél 2

After the announcenent of limited commercial service targeting the enterprise market in early
December 2018the three South Korean operators lauectbG services on the same daypril2019

. In South Korea, 5G deployment is massive as SKT hadyatteployed more than 30,000 5G base
stations.

Other 5G launches were also reported in other countries using the 3.5 GHz band: Australia (Telstra in
2018, Optus in January 2019), Bahrain (Viva in February 2019), Qatar (Ooredoo in May 2018 and
Vodafone inAugust 2018) and UAE (Etisalat in September 2018).

1 Friendly customers are employees of the mobile operator or people using the service for no charge in exchange of répoasreite

www.idate.org © IDATE DigiWorkD19¢ p. 7
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China and Japan are already very active in the 5G field and operators will commercially launch 5G in
20192020.

1.3. Framework conditions and public measures in the context of the
5G Action Plan

Publicauthorities have started to take measures to facilitate the introduction of 5G. This ranges from
national 5G strategies to the completion or preparation of 5G spectrum assignments.

The European Electronic Communications Code, which was agreed in theaffretf 2018, sets
important framework conditions as regards 5G investment in the EU. In particular, MS are required to
make 5G pioneer bands available by end of 2020 with investment certainty and predictability for at
least 20 years in terms of spectrumdividual licensing. Moreover, it establishes a voluntary peer
review for the consistent assignment of spectrum across the EU.

The 5G Action Plan also sets out key targets to be achieved by Member States on the roadmap to
5GThe first one aims atrlockingbottlenecks including identification of spectrum for the initial launch

of 5G (the pioneer bands identified by RSPIBe second target was the identificationaofull set of
spectrum bands for 5G by the end of 2017 and working toward an approach fautherisation of
specific bands above 6 GHz.

At the end of March2019, the most tested frequency band in Europe iddnythe 3.6 GHz ban@®9%
of the tests) The 26 GHz bandsgarting to gairtraction.

www.idate.org © IDATE Digiwora19¢ p. 8
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Table2: Assessment 065G AP analysis criteria

5G AP analysis criteria Assessment

Roadmaps and priorities for a coordinate The European Commission published a guidance document for national |

5G deployment strategies and roadmaps.
TenMSs published specific natiorst roadmapsAustria,EstoniaFinland,
France, Germany, Luxembourg, Spain, SwetdenNetherlands, and the UK
FourteenEU MSs have published national 5G roadn@pglobal strategy
documents: Austria, Denmark, France, Germ&rgecetaly, Luxembourg,
Malta, Poland, Romania, Spain, Sweden, The Netherlands and the UK
Eighteed EU MSs have launchedblic consulations on 5G
spectrum/strategy.

Makepioneerspectrum bands available ftMember States are required tuthorise the 700 MHz band by 2020, unles
5Guseahead of WRQ9 there are justified reasons for delaying it until r#622 at the latest.

1 The700 MHz band has been assignegixMSs Denmark,
Germany, France, Finland, Italy and Sweden

1 The 3.43.8 GHz banflas been assigned accordance with 5G
technical conditionsin 9 MSs:Austria,Czech Republi€inland,
Hungary/reland,ltaly, Latvia, Spain and United Kingdom

1 The 26 GHz barths been assigned in Italy

Inthirteen Member Statest least one spectrum auction is complete (as at
March, 2019).
Three5G spectrum auction®ok place inQ12019:

9 Austria

T Denmark

1 Germany (ongoing April 2019

Infourteen MSs at least one spectrum auction is scheduled for 2019

Spectrum: usage of 5G pioneer bands Usage: no commercial usage of 5G spectruniry&U28 (Elisa launched its
and/or of other bands identified by the  5G network in Finland but services and devices were not available at the
RSPG beginningof 2019

Service verticals: feasibility of vertical usiMedia & Entertainment32trials
cases based on deals inked with key  Transport:25trials

vertical players Automotive: 18 trials

Other verticals: Industry 4.0, Agriculture, Smart cit@sart buildings,
SI1SHfUKZ tdzoftAO {FFSihex

Top 10 European countries where trials ¢ Spain, Franceltaly, Germany, UK, FinlandNetherlandsEstoniaPortugal,
organised Romania

Technologies (Netand Alone, Stand  Non-Stand Alone 5G (3GPP Release 15lfanobile operators except Veriz|

1 £ 2y SX0 in the USA with a proprietary standard: Verizon 5G Technical Forum star
Functionalities tested: virtual Mainly throughput and latency atested in the first trials in Europe. The
networks/edge computing, media and entertainment vertical is the most important one among the

broadcast/streaming, Heterogeneous  reported trials.
bSdis2N] ax
Source: IDATE DigiWodd\pril 2019

2 Consultations il 7 countries Austria, Belgium, Bulgari@zech republidsinland, France, Germargreece Ireland, Italy, Lithuania, Poland,
Portugal Romania, Slovakia, Slovenia and th¢ &¢& now closedMarch 2019)A consultation imngoing inSweden

3 Harmonised technical conditions in liméth Commission DecisigiiEU)2019/235 of 24 January 2019 on amending decision 2008/411/EC
as regards an update of relevant technical conditions applicable to the-3800 MHz frequency band

www.idate.org © IDATE Digiwora19¢ p. 9



5G Observatory Quarterly Rport #3

2.1. Latest developments at EU level

5G is progressing well in Europe. The process has significantly acceleratethsirog of 2017.

Ambitious goals were set at European level since 2016.S 9 dzN2 LJS | y5G/AfioviMah afa A 2 y Q&
14 Sepember2016 confirmed by theMember Statesn Decenber 2017 targetsensuringcommercial

rollout of 5G inat leastone major city in every Member State the end 0f2020 anduninterrupted

coverage ofllurban areas andajor terrestrialtransportpathsby 2025

The Europeatynion regulatory framework for electronic communications has recently beeewed
and the newEuropeanElectronic Communications Co@ECCgnteredinto force on 21 December
2018. Member States will have two years to transpasito national law whidc will give a strong
push to 5G and highpeedbroadband networks as a whole.

TheEECW®ill facilitate investments and entry into the market for wireless communications operators
by:

- enhancinghe deploymentof 5Gnetworksby ensuring the availability ofew necessary 5G radio
spectrum by the end of 2020 in the EU;

- providing operators with investment certainty and predictability for at least 20 years in terms of
spectrum individual licensing;

- ensuring better coordination of planned radio spectrum assignts;

- supporting the entry of new spectrum users and economic operators through increased recourse
to shared use of radio spectrum and general authorisation where possible, as well as easier
spectrum trading and leasing;

- facilitating the deployment of 5@etworks by introducing a light authorisation regime for small
area wireless access points;

- facilitating the roll-out of new, very high capacity fixed networksby making rules for co
investment more predictable and promoting risk sharing in the deployroérery high capacity
networks;

- promoting sustainable competition for the benefit of consumers, with a regulatory emphasis on
the real bottlenecks, such as wiring, ducts and cables inside buildings; and a specific regulatory
regime for wholesale only opators.

- ensuring closeooperation between the Commission and the Body of European Regulators for
Electronic Communications (BERHE&)udingin supervising measures related to the new access
provisions @ co-investment and symmetric regulation.

All Member Statesare requiredto adopt5G roadmapsegarding the licensing of the 700 MHz band.
TenMSshaveassignedr are about peforeearly April 2019to assign 5G spectrum@inlyin the 700
MHz and3.4-3.8 GHbandgy.

2.2. Progress of national strategies and plans

Most EU MSs started to examine 5G strategic issues through public consultaftensfollowed by
5G strategy documents in 2016 or 2017. The 5G stiedegnerally result from aationalbroadband
strategy defined earlier in 2015 or 2016 and lagtup to 2020.

www.idate.org © IDATE DigiWorR019¢ p. 10
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In order to facilitate a consistent approach across EurdpeEuropeanCommission has publishéal
November 2018a Report summarising the best practices and common elements that could be
considered for national 5G strategi@he work donavith experts fromeEU Member States covers key
issues that range from deployment targets, spectrum and small cells to public financing programmes
and 5G innovation support.

2.2.1. Consultations : 18 EU MSs have launched public consultations on 5G

By the end of March 2019, seventeen EU MSs hd finalised public consultations on 5G
spectrumstrategy. Austria (2017)Belgium(2018) Bulgaria(December 2018)Czech Republic (early
2019),Finland(2018) France(12/2017 and 102018) Germany(2018) Greece (2018)reland, Italy
(2017) Lithuania (2018)Poland(2018) Portugal (2018)Romania (December 2018 lovakia (2017)
Slovenia (2017nd theUK Therewas onepublic consultatioongoingduringQ1 201%n 5G spectrum
in Sweden(February2019 on upcomingaward of the 2.3 and 3.5 GHz bands.

In other MSs the reflection has just startézhoatiadid not publish a 5G roadmayplblic consultation,

but awarded trial licenses or organised round tables. The remaining MSs are still at the internal
reflecting phase Cyprus,Denmark,Estonia, Hungary, Latyiauxembourg, Malta, Netherlandmd

Spain

5G strategies and plans byewhber Satesare detailed irsection3.1 of the annexto this report.

2.2.2. National strategies

Thenational5G strategesadopted to datehave a number of facets as the 5G roadnsaet concrete
targets, define priority aremand milestones. A spectrum section provides details on 5G potential
auctions to be heldn different 5G pioneer bands and trial licemwes are often considered. Funding
methods are presented and discussadd measures to stimulate and mobilise key playesm the
telecom and vertical industries are also considered.

The review of progress made towards 5G market introduction shows various Stegd4Ss published
precise national 5G roadmap@ustria, Estonia, Finland, France, Germany, Luxembourg, Spain,
Swveden, The Netherlands, and the UWhereas fourteen EU MSs have published national 5G
roadmaps or global strategy document{gwustria, Denmark, France, German@reece, ltaly,
Luxembourg, Malta, Polan®omaniaSpain, Sweden, The Netherlands and thé. UK

As planned, Denmark published its 5G strategy in February 2@1®stonia, the Minister of
Entrepreneurshipand Information Technology signed a draft regulation setting the basis, so that
electronic communications operators can start developing 5G néksvor the 3.6 GHz band (January

2019).In January 2019, the Hellenic Telecommunications and Post CommissionriEH€&gassual

0KS ¢SOKYAOIt 1yy2dzyOSYSyd SyuGArAidtSR awS@OASe 27
bSG62N] a¢ | AYAY JestédZpartiesy (audENt antl hew Jprpvid&rdNdf electronic
communication networks, equipment manufacturers, radjgectrum users in general, verticals) with

respect to the radio frequency bands that are currently under review by EETT and are expected to be

4 https://circabc.europa.eu/ui/group/7dald333dda4a409d7c0013e0c51c98/library/3179b0e061d-4eac9742-e391d63b5cc6/details
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used for the deployment of fifth generation (5G) wireless broadband networks in the near future,
taking also into consideration the relevant developments at a European level.

In 2019,six Member Statesplan to publish their 5G strategies: Cyprus, Mal@afined 3/19, not
published yeY, Hungary (4/19), Portugal (7/19), Croatia (Q4/19), and Lithuania (by €20 9}

www.idate.org © IDATE DigiWork19¢ p. 12
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2.3.1. 5G scoreboard z EU-28
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The 5G scoreboard summses the status of 5G trials, spectruamsignmentsmeasures ortoverage, roadmaps and national plans irnZ8U
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2.3.2. 5G scoreboard z International

The international grsion of the scoreboard detaitgals and timelines for 5G commercial launches and spectrum plansg-wide.
Figure2: 5GScoreboard; International markets(March 2019)

® USA: October 2018 for Verizon (Fixed Wireless Access) and mobile services on April 11, 2019.
December 2018 for AT&T (network only, end user devices availablein Q1 2019)

COMMERCIAL LAUNCHES ® South Korea: December 2018 (5G service for enterprise only), April 2019 (consumer market)
® Europe: Elisa in June 2018 (network only), T-Mobile Austria in March 2019 (friendly
customers)

= China: 2019 for pre-commercial, 2020 for true commerciallaunch. China Mobile ahead
(deploysin 4 cities in 2019), other 2 players not so far

* Japan:Planned in August 2020 for the Olympic Games

* South Korea: 5G Joint commercial launch in April 2019 for the consumer market

®  USA: 15 2019 for AT&T and Verizon. 2019 for T-Mobhile, Sprint

" Europe: 5G launches by end of 2020 in all Member States (5G Action Plan)
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» Spectrum plansdisclosed in 2016: November’18 auctionsforthe 28 and 24 GHz bands, 24
GHz in 2019. Options considered for 3.7-4.2 GHz.

* Commercial launch planned by Verizon: 28 & 39 GHz, T-Mobile: 600 MHz, AT&T: 39 GHz,
Sprint: 2.5 GHz

* Spectrum for 5G national trials until June 2020: 3.4-3.5 GHz for China Telecom, 3.5-3.6 GHz
for China Unicom. China Mobile: 260 MHzin 2.6 GHz (2515-2675 MHz) and 4.8 GHz (4800-
4900 MHz)

" 3.4-3.8 GHz (280 MHz available for 5G) and 28 GHz (2400 MHz available for 5G: 800 MHz
for each operator)

5G SPECTRUM

" 28 GHz (27.5-29.5 GHz) band for 5G. The MIC has also approved the 3.6-4.2 GHz and the
4,4-4,9 GHz

* 2020 deadlinefor assignments of 5G pioneer bandsin the EU
® Spectrum assigned and usable in 2020 in 9 Member States: 13.1% in the 700 MHz band,
20,1% in the 3.4-3.8 GHz band and 3.6% in the 26 GHz band

Source: IDATE DigiWorld
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2.4. Announcements of first commercial launches

5G is heating up in the worl¥erizon launched a Fixed Wireless Access commercial service on October
1%, 2018.Some players have already announced their plargereasElisa T-Mobile AustriaVerizon,
AT&T, theSouth Koren operatorsand Ooredoo claim they have commercially launched 5G

2.4.1. Europe

Elisa (Finland and Estonia)

Elisa reported its 5G network carried a 5G phone cal’bdune 2018 between the Estonian minister
of Economy and her Finnish colleague ifdfid. Tests performed showed data speeds of 2.2 Gbps.
That said, the first 5G licencegre made available in the 3.6 GHandfrequencies irautumn2018.

T-Mobile (Austria)

In Austria, ™obile announced in March 2019 commercial launch with friemdigtomersusing the

3.6 GHz bandThe operator announced it had deployed 25 base stations for this launch in rural areas.
The terminad usedare 5G routes which allow connection in WiFi mode for householtke first 5G
smartphones are expected by the eafi2019. A greater variety of models and larger numbers of 5G
enabled smartphones and tablet PCs will likely hit the market in 2020.

T-Mobile Austria received usage rights in the-3.8 GHz band on 7th March 2019 which provided the
company the foundatiorto expand the 5G communications standard throughout Austria. In this
auction, TMobile Austria acquired 110 MHz of spectrum throughout the country (11 packages of 10
allT SIOK AY MH NBIAZ2Yyaox F2NJ I G2GFf LINROS 27

Switzerland

In SwitzerlandSunrise announced 5G commercial launciMarch 2019and Swisscom in April 2019
Atlaunch{ ¢ A & & r@@vafiwill encompass 10€ites in 50 cities and villages. The Swiss opeistor
targeting more than 90 per cent population coverage by the end of the. year

2.4.2. Ooredoo (Qatar)

Ooredoo in Qatar claimed in May 20tt8be the first world player to launch 5G nationadlith 50 sites
registered late in July 2018 and 50 additional basei@tatto be added in August 2018 (demethe

5G launch eventOoredoo seems to be providiris wTTHwireless To The Homegrviceson 3.5
GHz spectrum domestically with the very few compatiideices available (25 devices according to
Gulf times). Ooredoo showcased its deviCensidering 5G mobile devices are not ready yet, it states
it is waiting for manufacturers to produce 5G capable devidaese 2019)

2.4.3. USA Verizon 5G Home service launch ed in 2018, mobile services in April 2019

In the USA, Verizon 5G Home service was launched on Octtb2018 in limited areas of four US
cities The other mobile operators will launch their 5G services in the coming months.

Verizon

Since 2017, Verizohas been testing mavave 5G servicein 11 cities (in Ann Arbor, Atlanta,

Bernardsville, Brockton, Dallas, Denver, Houston, Miami, Sacramento, Seattle, and Washington, DC.).


https://www.youtube.com/watch?v=904E7Fi58XE
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Verizon demonstrated a video 5G call at the 2018 Super Bowl and a NR datankabissaon with

Nokia and Qualcomm in February 2018. In June 2018, Verizon testedaydata transmission and
multi-carrier aggregation and very high speeds outdoors. In August 2018, Verizon succeeded in
transmitting a 5G signal to a moving vehicle.

In August 2018yerizon and Nokia have achieved a transmission of 5G NR signal to a receiver situated

in a moving vehicle using spectrum in the 28 GHz band, in a trial carried out in New [ersey.
September 2018Yerizon, in partnership with Nokia, hasnepleted the transmission of a 5G mobile
ardyrt G2 + GSad Gy Ay 2 AKAY3Ai-dafespettiaBand BA G o &
ySGig2N] O2NBX lf2y3a 6A0GK b21AFQ&d pD N} RAZ2 Sl dzA LIY

In September 2018, Verizon successfully transmitted a 5Glsigna commercial 5G NR network in
Washington DC and Minneapolis on prototype devices.

Verizon 5G Home service was launched .@ctober 2018 in limited areas of four US cities (Houston,
Sacramento, Indianapolis, Los Anggld$e service is charged at @&Dper month (50USDmonth

for existing customers). Theae no annual contracts, no equipment charges and no data caps. For
the first three months, an Apple TV or a Google Chromecast Ultra is offered for frekSRter the

first three months). Speedrange from 300 Mbps to 1 Gbps, depending on location.

Launckesin additional cities will follow.

Verizon uses CPE (Customer Premises Equipment) units and home routers from Samsung and is
expected to use the Motorola Mod Ior mobile 5G.

Verizon launckd its 5G Ultra Wideband Network Chicago and Minneapolis April2019 It provides

download speeds that are significantly faster than 4G and carry a massive amount of data for a large
number of simultaneous users. This launch coincides with the offefitige new 5G moto mod, which

is exclusive to Verizon. Since March 14, customers anywhere in thedul@pre-order the 5G moto

Y2R® 2KSy LI ANBR ¢AGK GKS Y2042 Tox (&@blepD Y2Ii:
smartphone. Select areas of Chicagm Minneapolisarei KS FANBR G (G2 SELISNASYyOS
Wideband mobile service use the NR standard developed by the .@&#®n announced that it
AyGSyRa (G2 flFdzyOK AG& pD ! ftGN} 2ARSOFYR ySiag2N]
5Gservice plan comes with unlimited data, available for justUfDa month (with the first three

months free) with any Verizon unlimited plavierizon will be the first U.S. wireless provider to offer
{I'Yadzy3Qa y S g thelGalaxy $105GnkefiysShalf of 2019

AT&T

Since early 2017, AT&T has been performing fixed wireless & mobile 5GTinialsompany works
with partners such as Egson, Samsung, Nokia, and Intel. After Austin, TX, ATi®hded trials to
Waco, TXKalamazoo, Mand Soulh Bend, IN.

In November 2018AT&T showcased its first mobile 5G device usingwawve spectrum as well as the

first mmwlk S Y20AfS pD ONRBgaAyad aSaaizyQ Ay 21023 ¢
Nighthawk based on Qualcomm Snapdragon X50 5G madghR ! ¢ 9-Wa@ei5G Yietwork for
connectivity.

www.idate.org © IDATE DigiWorRD19¢ p. 16
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AT&Talsoachieved tests of wireless 5G data transfer over-mave spectrum bands, via a mobile
form factor device. The trial was carried out in Waco, Texas.

AT&Twasthe first in the U.S. to announce theulach of a commercial standatthsed mobile 5G

network on 21 December 2018. 5G hotspots will be deployed in the dense urban areas of 12 cities:
Atlanta, Charlotte, N.C., Dallas, Houston, Indianapolis, Jacksonville, Fla., Louisville, Ky., Oklahoma City,
New Orleans, Raleigh, N.C., San Antonio and Waco, TExaservice will extend in parts of 7 other

cities in 2019: Las Vegas, Los Angeles, Nashville, Orlando, San Diego, San Francisco and San Jose, Calif.

The NETGEAR Nighthawk 5G Mobile Hotspot deviceayin ! ¢ 3¢ Qa4 pDb Vdiesg 2 N] 2
spectrum. Customers outside of 5G+ network coverage will be able to use the device to access the
0Said LISNF2N¥YAy3 ySiig2N)] Ay GKS O2dzyiNB +a ¢Sftf
QAM, 4x4 MIMO, and Multipl LTE Carrier Aggregation) available in 385 marRéts. Nighthawk

hotspot device will be available to customers 489 USDupfront and a monthly’0 USDpayment for

15GB of data. This device requires an AT&T data plan compatible with 5G.

After launch of the AT&T 5G service in early 2019, theoutliwill be extended to 19 additional cities
including Las Vegas, NV, Los Angeles, Nashville, TN, Orlando FL, San Diego, CA and San Jose, CA.

AT&T announced plans to grow its mobile 5G device linetlp avbG smartphone from Samsung in
the first half of 2019.

Sprint

Sprint whichcould merge with TMobile USin 2019,disclosed a number of target markets ahead of
its planned commercial lmch in the first half of 2019. In February 2018, it nam¢ldnta, Chicago,
Dallas, Houston, Los Angeles, and Washington ®@sainitial wave of mmwvave 5Gmarkets
Additionalmarketswere revealed in May 2018, includibgw York City?hoenix, AZ anlansas City.
Sprint will aunch a first 5G LG smartphomethe USAy midyear 2019.

While Sprint is still waiting the final approval for its merger witkldbile, it announced it will launch
5G commercial services in May 2019 in limited areas of four cities (Atlanta, Chicago, Dallas, Kansas
City) to be extended to nin@i2019, including Washington DC and Los Angeles.

The Sprint 5G No+Btandalone network is using 2.5 GHz spectrum and massivartg8na MIMO
equipment to be able to operate 4G at the same timibe5G networksof AT&T and Verizohave

been operating on millimetre wave spectrum since Q3 2018. The use of lower frequencies will allow
Sprint to increase faster its coverage and at lower costs. At launch, the LG V50 ThinQ smartphone will
be available. The operator also intends to offee 6Gcompatible Samsung Galaxy S10 laisummer

2019

T-Mobile USA

T-Mobile USA signenh August 201&wo 3.5bnUSDcontracts with Ericsson and Nok@ support its
nationwide 5G network deployment. Under the tesmof the contract, Ericsson will proved-Mobile

GAGK Ad&a pD bw KINRgSIFINBE |yR &a2F06 NBThe robile 6 St f
operator is targeting early 2019 for its commercial laurithlsoexpects that its fixeavirelessaccess

www.idate.org © IDATE DigiWorkD19¢ p. 17
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servicebased on 5G networks will dedivspeeds of 10Mbps for up to twethirds of the population
in the coming years and will be reaching 90% of the country by 2024.

T-Mobile announced to target mobile 5G launch by 2020 in Dallas, Las Vegas, Los Angeles, CA, New
York City and in a number of other citittsannounced it will use its 600 MHz spectrum primarily and

28 and 39 GHz frequencies in the second stage. Thebelgad is to be able to get high speeds with

a broad coverage.

T-Mobile will launch 5G in the 60@Hz band in the second half of the year once compatible devices
become available, and indicated it could deploy #waive 5G in urban centres as soon as theoadc
quarter2019

2.4.4. South Korea
3.5 GHz and 28 GHz spectrum were auctioned off in South Korea in June 2018.

The February 2018 Winter Olympics in PyeongChang provided a stage for displaying 5G indvation
was very activeSamsung and KT provided a 4K streaming video service via a 5G netingrk8 GHz
spectrum KT provided the 5G data network through a collaboration led by Intel with partners including
Ericsson, Nokia and Alibaba, while Samsung unveiled its 5G mobit¢ device to deliver a 4K
A0NBIYAYy3 OARS2 KUldembnbtinted of) ds 56 hetiv&rk féuritypésofigbal/ yd
video streaming services: Sync view, Timeslice, 360 VR and OmnipoinKVialso showed a 5G
Connect Bus using 5G, capableaafonomous driving using Lidaensors and the V2chnology.
Hyundai demonstrated five Level4 autonomous caradl 96km trip to PyeongRang; the cars were
connected to the KT 5G nfr entertaining the passengers.

SK Telecom, LGU+ and KT launched &f@iservice in a number of cities @rbecember 2018or

business customerd he launchesame earlier than previously announced and thus expected. In fact,

all MNOs announced in July 2018 their intention to jointly launch 5G in March 2019. This intention
arrived one year after a first agreement signed in April 2018 on a shared 5G deployment and network.
¢CKA& TFANRG FANBSYSydQa AyaSydiazy FAYSR +Fid | @2AR
reality back in 2011 and generating heavy cost savingeay 1 trillion KRW over the next ten years.

In early March 2019, the commercial launch was delayed following the rejection by the government of
proposed 5G pricing plans submitted by operators.

SK Telecom indicated in March 2019 ttieg 5G rate plans expected tacostKRW 55,000 (48SD
per month for eight gigabytes (GB) of data.

It is expected thathe deployment of nationwide 5G networks will be fully completed in 2022 or 2023
Commercial launch of the 5G services by the three South Korean opetatd place on April 5, 2019.

2.4.5. Japan

Historically, Japan has been at the forefront of mobile technology. Japan targets the Tokyo summer
OlympicGamedo launch 5G. However, NTT DoCoMo announced it couktbpreh 5G in September
2019with plans to deploxcommercial 5G services across Japan by2aRzD

www.idate.org © IDATE DigiWorR019¢ p. 18
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MIC iggoing to award in March 201€x blocks of 100 MHz in the more desirable lower bands (3.7 GHz
and 4.5 GHz), and four blocks of 400 MHz at 28 GHz.

NTT DoCoMo

A few months ago, NTT DoCoMo executimelicated that the Tokyo Summer Olympics were a target

for 5G launch. This has been confirmed in June 2018 by Ms. Lan Chen, CEO of NTT DoCoMo Beijing
[Foa aLISF{Ay3 Fd GKS a2/ Qmy Ay { Klwhigh€holldbeinfl KS | yy
summer2020. Assignment of 5G spectrum in Japan is expected bgfévidrch 2019.

NTT DoCoMo carried out a number of 5G trials with multiple vendors. For example, they cooperated
with Tobu Railway to trial a 5G system at Tokyo Skytree Town using 28 GHz spedfianchii2018.

Earlier in November 2016, they carried out a lasgale field trial using 200 MHz of spectrum in the

4.5 GHz band in Yokohama, Japan. This trial aimed at testing Ultra Reliable and Low Latency
CommunicationURLLC)esulted in network speedap to 11.29 Gbps total and less than kelf
millisecond latency. NTT DoCoMo also completed 5G integrated access backhaul trials using the 39
GHz frequenciesVith Nokia, NTT DoCoMo tested 5G on the 90 GHz band.

In May 2018NTT DOCOMO achieved a 5G fighd at 28GHz, involving a 5G base station anda c
travelling at around 293 km/hIn November 2018NTT DOCOMO and Mitsubishi Electric achieved
peak data speeds of up to ZZbps during 5G trials, using a single mobile terminal and\Vi@ of
spectrumin the 28GHz band.

NTT DOCOMO, in partnership with Metawave Corp, demonstrated 5G techioiDggember 2018
using the 285Hz band. The trial took place in Kéig Tokyo and achieved data transmission speeds
of 560a 6 LJA ¢ A G K a S &trudidregréfiectarray $ iplace, compared to 8@bps with no
reflector.

In December 2018, NTT DoCoMo and Mitsub&hbiG trials in Kanagawa. Tests used a single terminal
and 500 MHz of 28 GHz spectrum. By using -hekn spatial multiplexing in LOS (line of Sight
conditions with massive MIMO antennas, tests hit a peak speed of 27 Gbps at a distance of 10 metres.
At a distance of 100 metres, tests achieved 25 Gbps.

Softbank

SoftBankhas been performing many 5G trials with Huawei or Ericsson since 2017, notalg\4usi

GHz frequenciesoftBanks working withHuawei to demonstrat®G Ademonstration included real

time UHD video transmission (throughput of over 800 Mbps) using-higfa throughput, remote
control of a robotic arm and ultrbow latency transmisen as well as remote rendering via a GPU
server using edge computingVith ZTE, Softbank achieved DL speeds of 956 Mbps in Nagasaki in
October 2017Commercial launch of 5G service is expected in 2020.

KDDI

In December 2017, KDDI and Samsung completedaessful 5G demo on a train moving at over 100
km/h. The distance betweetwo stations was approximately 1n. Companies achieved a successful
DLandULhandover as well as a peak speed of 1.7 Gbps.

www.idate.org © IDATE DigiWorR019¢ p. 19
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KDDI has also performed 5G trials, mainly with EricaedrSamsung Electronics. Between September
2017 and March 2018, KDDI and Ericsson tested a PoC in the 4.5 GHz frequency band in a many cities
across Japan.

In November 2018KDDI outlined plans to start offering 5G services in selected areas by 2019, with
full-scale development coming in 2020. It reportedly aims to implement its 5G core in 2021, planning
to launch various services using network slicing.

Rakuten

Rakuten is the fourth mobile operator in Jap@tanning tdaunch its service in 2019 startimgth 4G
with 5G following a few months latefhe operator intends to launch ally virtualized cloud-native
mobile network.

2.4.6. China

5G deployment irChina $ strongly backed by the government. 5G ranks among the strategic priority
for the whole country (18 5-year plan 2015020 andéMade In Chinéd2025 Initiative launched in
2013). In January 2017, thdinistry of Industry and Information Technolo@ylIT) of the Chinese
governmentlLJdzo f A & KSR  IDevelaBniggt NbIanniggyfor kinformation and Commurimat
Industry (20162020) in which it sets the objective of becoming one ofdludal leaders of 5G.

ThedMadein China 2026initiative aims for a commercial 5G launch by 2020. As part of the country
plan and initiative, the authorities awarded grants to local 5G oriented companies incldfib@nd
Huawei ZTE and Huawegceived 72 million USD fofzb

In October 2017,he Clinese government kicked off therd phase of 5G technology research and
development tests. This phase aims to get-poenmercial products ready for when the first version
of 5G standard comes out in June 2019.

Time has accelerated significantly in 2018 &tiha Mobile brought forward its scheduled 5G launch
by one year and finally plans to offer 5G services by-gadr2019 (precommercial launch in the
course of 2019).

In December 2018, the Chinegevernment allocated spectrum for 5G national trialsildtine 2020

to players. China Telecom and China Unicom received 100 MHz of spectrum in 3.5 GHz frequencies
(3.4-3.5 GHz for China Telecom,-3.% GHz for China Unicom). China Mobile obtained 260 MHz in 2.6
GHz (2512675 MHz) and 4.8 GHz (480900 MHz)frequencies. Under the arrangement, China
Telecom and China Unicom will stop using 2.6 GHz frequencies by end March 2019.

According tothe China Academy of Information and Communications Technology (CE&HIT is
expected to invest CNY900 billiet.5trillion (USCL34 ¢ 223 billion) in5bG networks during the 2020
2025 period

China Mobile
China Mobile started to conduct 5G trials during the second half of Z2Dh®a Mobile plans to start
offering 5G services in 201@hich is a year earlier thaariginally planned (2020). In 2018, China

www.idate.org © IDATE DigiWorR019¢ p. 20
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Mobile announced margscale trials in five cities includifghanghaiand Hangzhouby the third
quarter of 2018 with about 500 base stations (100 first base stations by end June 20aB)will be
extended to D cities early 201%ith another 500 base stations, to test out business applications. The
trial network will use 3.5 GHz spectrum and some of the 4.9 GHz band.

China Mobile appears to be the fast player in China towards 561 November 2018 hina Mole
LINSASYGSR AdGa WpD ¢ S Nivohgf which it plahy t8 ukh ts@BatdE Y Y S Q
devices by 2019. The company announced that first 5G devices will be launched by H1 2019. Under
0KS I2@8SNYYSyiQa OdaNNBy (G LI hology will sedlprgpimeRi@l@dset 2 LIY Sy
in 2019 while full commercial launch will occur by 2020.

In February 2019, China Mobile announceglédins to deploy 5G at scale in four cities this yaaion-
standalone (NSAhode. The operator iollaborating on de#loping equipment running on the 2.6
GHz and 4.%Hz bands to increase capacity and reduceggansumption obGbase stations.

China Unicom

China Unicom announced in August 2018 @0 5G base stations will be implemented in Beijing this
year, via itsSNext 5G' initiative China Unicom has been trialling 5G in 600 labs of 16 cities including
Beijing, Tianjin, Qingdao, Hangzhou, Nanjing, Wuhan, Guiyang, Chengdu, Shenzhen, Fuzhou,
Zhengzhou, and Shenyang. In 2019, application experiments anesleatptrials are scheduled

In January 2019, China Unicamnouncedt completed a 5G call withZTE5G prototype smartphone
in a commercial field trial in Shenzhen

China Telecom
China Telecom started testing 5G in sixckig Of dzRA y 3 - A Bhadghdi, Fuzhoy, REngduK Sy =
and Lanzhoin a view to test 5G in 12 cities in the end.

www.idate.org © IDATE DigiWorkD19¢ p. 21
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2.5. 5G pre-commercial trials

1475Gtrials in the 28 MSs of the European Uniand180trials including Russia, San Marino, Norway,
Turkey and Switzerland

2.5.1. Analysis of the 180 trials registered so far 5
5G trials are presented in the European 5G Observatory as shown in the figure below:

Table3: Screen shot of the trials base in the European 5G Observatory

European 56 Observatory

Germany February 2015 Huawei

Huawei
NEC
SIAE
Tech Mahindra
Wipro

Gemany September 2013 Telefonica Samsung 26 GHz
Germany October 2018 Telefonica Samsung 26 GHz

Germany Movember 2018 Vodafone Ericsson
Intel

Greece June 2018 Cosmote Nokia 34-38GHz
Gresce October 2017 Cosmote Hokia 34-38GHz
Hungary Oclober 2017 Magyar Telekom Ericsson 15 GHz
Hungary June 2017 Magyar Telekom

Hungary Seplember 2018 Vodafone 35GHz

Ireland February 2018 Vodafone Ericsson 34-3.8GHz
3.6-3.8GHz

Ireland November 2018 Vodafone Ericsson

Haly March 2018 T Ericsson

Source: IDATE DigiWorMarch 2019

As many a480trials have been listed so fénroughout EuropeA little more than a third of th&80
trials are technical testsb8 trials). The share of technical tests dropped significantly in the giast
months The number of technical tests also degsed over the last quartexs mobile operators are
now planning 5G network deployment

Media and automotive are the verticals majorly driving trials

The most trialled verticals are media and entertainmé {rial9 followed by transport25 trialg and
automotive (8 trialg.

The180 trialswere organised i28 countries {47in 23 of the 2EUMS and33in Russia, San Marino,
Norway, Turkey and Switzerland). No trials have begonted so far in the following MSs: Czech
Republic, Cyprus, Luxembourgalté, Slovakia and Slovenia.

5The analysis was made with the data available on the 5G Observatory on 1 April 2019
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Figure3: Verticalstested in 5Gtrials
Number of tests by vertical
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Source: IDATE DigiWorkpril 2019

The most numerous trials performed in Spain, France and Italy

The largest number of trials has been reported farin Spain, France, Germany and Italjiese top
four countries are totalling0% of trials Spain remains the first and France the second, however Italy
has overpassed Germany in number of tests lately, pusBargnanyto the 4" position

Figure4: 5G trials by country
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Source: IDATE DigiWorlspril 2019
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On average, more thasix trials by countrjpave been listed so far.

The 3.4-3.8 GHz is again the most tested frequency band

Whenindicated(frequency bands tested are available only in selected trials, represeitiiigo of all
trials listed, the most used frequency band for trials is by far te@Hzband (59 trials testedn the
3.4-3.8 GHzangeout of 86 trialsmentioning which band waconsidered). The 26 GHz bandhich
has beenidentified infour testsin Europeis progressively gaining traction

Figure5: Frequency bands tested

TESTS BY FREQUENCY BAND

m700 MHz m3.5GHz m4.5 GHz m15 GHz m26 GHz m28 GHz m70 GHz

Source: IDATE DigiWorkril 2019

More than half of the trials are completed

More thanhalf of the trialsare completed to date. Less thai3 (27%) otrials have been announced
or planned. The resresitill in progress.

Figure6: Status of 5G trials in Europe

H Announced HIn Progress B Completed

Source: IDATE DigiWorlspril 2019
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Level of maturity of 5G trials

We evaluate the level of maturity according to three categories:

1 1: Most important 5G pilots: with at leasto cell sites and involvement of end users
1 2: Other 5G pilots and trials (humber by country and by vertical)
1 3:Smaller tests/demonstrators (number by country)

Figure7: Level of maturity oftrials

Tests by maturity levels

H Large scale m Medium m Small scale

Source: IDATE DigiWorksril 2019

The Elisa trial in Finlandndthe AustrianT-Mobile launch in March 201@re the mosimportant 5G
pilots/deployments. Only 5% of the trialget acategoryl. The vast majority of trials7(%9 can be
gualified as categorg (small tests or demonstratoysandone fourth of them can be considered as
intermediate(category 2)
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2.5.2. Trial cities

S5 PeP 56 Infrastructure Public Private Partnership

63 EXPERIMENTS in
38 CITIES

Cities covering Automotive, Industry,
Media & Entertainment, Public Safety,
Health, Energy, Smart Cities and
Transport & Logistics

Aachen (DE) | Lannion (FR)
Aalborg (DK) | Ljubljana (SL)
Alba lulia City (RO) | Lucca (IT)
Athens (GR) | Madrid (ES)
Aveiro (PT) | Malaga (ES)
Barcelona (ES) | Montlhéry (FR)
Berlin (DE) | Munich (DE)
Bremen (DE) | Nice (FR)
' Bristol (UK} | Oulu (FI)
Cologne (DE) | Paris and Paris-Saclay (FR)
Cork (IE) | Pisa (IT)
Coveniry (UK) | Rennes (FR)
Detmold (DE) | Rome (IT)
Egaleo (GR) | Temi (IT)
Eindhoven (NL) | Thessaloniki (GR)
Genova (IT) | Turin (Im)
Gulldford (UK) | Turku (F)
Hamburg (DE) | Vigo (ES)
Ipswich (UK) | watford {UK)

The EuropeanComina & A 2y Qa | OldA2y LIy 2F {SLISYOSNI Hanmc
2017 targets the commercial rollout of 5G in one major city in every MS by 2020.

Secific cities in Europe announced their plans to become 5G Trials Cities, at the forefs@tradls

and pilots. At the end of 2017, seventeen Trial Cities had been annouitéd Member States

' YAaUGSNRFYZ . INOSt2yF>S . FNARSZ .SNIAYyI 9alLklR2x [ Q!
Patras, Prato, Stockholm, Tallinn and Turin.

Three addtional citiesin 2 additional MSommitted themselves to the target: Aveiro, Bristol and

Ghent. In France, nine major regional cities were selected for 5G trials (B&8&wdeauxDouali,

Grenoble, Lannion, Lille, Lyon, Marseille, Nantes, Sefttigolis et Toulouse@longside with eleven
OAGASAa Ay tI NAaQa & dzo dzNWoathléylant Sacsiiajof HialsttakeNdaceX / K N
in Paris, Bordeaux and Lilleltaly, the city ofLuccas involved in the H2020 project 5G Gityoffering

GKS OAlGeQa ySigs2 Nie posspifiting thattHesmé dzthiBology Zan dfferitdithe

Public Administrations in the development of digital services
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2.5.3. Digital cross -border corridors

Ten "digital crossborder corridors" establshed inter alia accommodating live tests of 5G (for
Cooperative Connected and Automated Mobility

Within the European 5G vertical strategy, Connected and Automated Driving (CAD) is considered as a
flagship use case for 5G deployment along European trangaains, in view of creating complete
ecosystems around vehicles, beyond the safety services targeted by the Coopértdiligent
Transport System (CITS) roadmap of Europe.

This has led to a higlvel agreementin March 2017between MSs at ministeri&vel,facilitated by
the Commissionwhere MSs agree tintensify cooperation for the establishment of cressrder
corridorsfor largescale testing and eadgeployment ofsGconnectivity infrastructurdor connected
and automated vehicles

In 2017 five digital crossorder corridors were announced and established live tests of 5G:

Metz-MerzigLuxembourg (France, Germany, Luxembourg)
RotterdamAntwerp-Eindhoven (Netherlands, Belgium, Netherlands)

Porto-Vigo and MerideEvora (corridor LisbogMadrid),

The E8 "Aurora Borealis" corridor between Tromsg (Norway) and Oulu (Finland) and
The "Nordic Way" between Sweden, Finland and Norway

This list ofcorridors ha been expanded during the EC Digital Day in April 2018 with announcements
to work to develop corridors between:

= =4 =4 4 =

9 Spain and Portugalgned a Letter of Intent to have two joint corridors between Vigo and Porto
and between Evora and Mérida.

1 Greece, Bulgariana Serbia to expand the corridor Thessaloff&fiaBelgrade

1 On the Brenner pass motorway towards Italy (the Brenner motorway connects Innsbruck in
Austria to Modena in northern Italy).

1 Poland and Lithuania signed a letter of intent on 5/9/2018 to coofgeoa technical, legal and
policy of the cros$order CAD corridor 'via Baltica' (Warsaw, Kaunas, Vilnius) and Lithuania,
Latvia and Estonia signed a memorandum of understanding for the 'Via Baltctn'.
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5G CAMcrossborder corridors

Corridors

Political Commitment

Metz-MerzigLuxembourg: FRELU

Lol between FR and DE in Sept. 2016. LU joined in Sept.
Industry consultation in March 2018. Agreement for testd
signed.

RotterdamAntwerpenEindhoven:
NL-BE

No Lol signed yet

Porto-Vigo, EvoraMerida:

PTES

Lol signed on Digital Day 2018, 10 April 2018

E8 "Aurora Borealis": N8I

GITSTENT legacy. First 10km Aurora open in FI for testing s
Nov. 2017. Lol not yet signed

Nordic Way2NO-SEFIDK

Followson Nordic Way 1, funded under-ITS/CEF, whic
demonstrated that providing TS services over cellul
networks works.

Brenner Corridor: FAT-DE

Ahead of DD2, Italy and the three presidents of Euroregion-T|
SudtirobTrentino haveconfirmed their intention to work, in
cooperation with other interested Member States, on t
development of the 5G Corridor on the Brenner pass motor
However, no Lol signed yet.

Thessaloniki, SofiBelgrade: EBG
RS

Letter of Intent signed in Jun2018 during Digital Assembly
Sofia.

EELVLT Via Baltica (E67) Tallinn (I
¢ Riga (LV)¢ Kaunas (LT)¢
Lithuanian/Polish border

MoU to be signed on 228 Sept. 2018 in Riga at the §
Techritory event. Although focused or\@X, elements of thd
RigaTdlinn segment are ITS (Smart E67 project).

LT-PL Via Baltica Kaunsg¢arsaw

Lol Signed on 5 Sept. 2018. Goal is to cooperate in VIZ§, @Q3
LTE, LTE Advanced and 5G with the view to promote CAD.

SourceEuropean Commission
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2.6. 5G cities

¢CKS 9dzNRLISIY /2YYAaarzyQa |OGAz2y LXIFy 2F {SLIHiSYo
2017 targets the commercial rollout of 5Ganleastone major city in every MS lilge end 0f2020.

Specific cities in Europe announced their plans to beco@®& Bal Cities, at the forefront of 5G trials

and pilots.At the end of 2017, seventeen Trial Cities had been announced: Amsterdam, Barcelona,
CFNRAET OSNIAYIZ 9alkR2xr [Q!ljdzAatlr T [2YR2y3X al RNARI &
Tallinn and Turin. In France, nine major regional cities were selected for 5G trials (Belfort,
BordeauxPDouai, Grenoble, Lannion, Lille, Lyon, Marseille, Nantes, Séptijaolis et Toulouse)
Ff2y3a4ARS gAGK St S@Sy OAGASa nibjhasvontNdrysatoESackaylzd dzND &
As at August 2018hree additional cities committed themselves to the target: Aveiro, Bristol and

Ghent. A norexhaustive list of 5G Trials Cities include Amsterdam, Aveiro, Barc&anaBerlin

Bristol, Espog Ghent, L'AquilaLondon Madrid, Malagag Matera, Milan, Oulu, Patras, Prato,

Stockholm Tallinn and Turin.

These tial cities aim to provide support for variety of technology and service demonstrations carried
out during the 5G trialling phase, and provide valuable vertical use cases especially for Smart City
concept to validate the trials in real user environments.affltompared to the private sector, public
entities such as cities usually have different interests even in similar use cases focusing e.g. on eHealth,
energy, transport, smart buildings or digital service portals. In all of these domains, shared technology
platforms, free access, open data and interfaces as well as the maximal involvement of local
ecosystems and residents are common priorities.

f For example, thesity of BarcelonaA & RSGSNXAYSR GRAINOIRA 2 OSYR Yy DR E
deploy a program that integrates and coordinates local initiatives related to a truly digital
transformation of the services the city offers to its citizens. Barcelona has just launched the
5GBarcelona strategy towards facilitating ttieployment of trials and pilots across the city
and so, become a 5G smart city. 5GBarcelona will have 5 nodes, to which more will be added
until reaching a deployment of 20% of the territory in 2020.

1 Thecity of Berlinaims to stipulate research and development of 5G technologies, and one of
GKS OAGeQa YIFAYy &idNY GS3A O-stpyaling Mdvitoimenk dnd G2 Sy
technology infrastructure, which can eventually provide the 5G experientiet@ublic on
the streets of Berlin.

1 The City of Oulu is challenged to modernize the city governance and processes in the
framework of constrained public expenditure and demand for deploying disruptive
technologies enablindigitization, automation and robatation in public service delivery. One
of the main strategic priorities is to enhance innovation led economic growth and
competitiveness of the local economy and companies to create employment outcomes for the
people of Oulu, in order to ensure sustainable and healthy living environment. Arranging
broadband connectivity (eMBB) and providing local free 5G network services network for
mobile I0T based experiments is the first step to adopt the 5G technologies for citizéns a
city administration. City also targets people mobility related service trials and offers e.g- traffic
f AIKG RIEGE A 2Ly REFEGF F2NJ aSNIBBAOS RSOSt 2 LIV

1 Similarly, theCity of Patrasis aiming at organizing, transforming and finally extending its
current digital infrastructure into an open platform that will interconnect 5G related
technologies. This digital transformation is performed in order tdrads eadministration
issues related to the City of Patras while enhancing the quality of life of its citizens.

9 City ofBristol as one of the main UKG Hub sites, together with University of Bristol, aims
especially to demonstrate the 5G technologies for public. The Bristol target has been mainly
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to show the potential of 5G in shaping the future of social interaction, entertainment, urban

planning andoublic safety. The similar events@g | @ SNB R-2 8 S 1] £ afi@rig&ian

March 2018, are planned for near future. The promotional video from the event is also

available. Bristol alongside with Bath Mie the home of enhanced visual experiences for

tourists using Augmented Reality and Virtual Reality in major local attractions as part of the

5G Smart Tourism project which was award@&8% million in March 2018.

Telecom operators have announced additional trial cities. For instance in France, nine major

regional cities were selected for 5G trials (Belf@&bordeauxDouai, Grenoble, Lannion, Lille,

Lyon, Marseille, Nantes, Sophatipolis et Toulousedlongside ik 1 K St S@Sy OAGASa

suburbs (including Paris, Chétillon, Liventhléry and Saclay).

We estimate thathere were30 5Genabledcitiesat the end ofMarch 2019 5G citiesdentified by
Member Statesn the COCOMurvey (questionnaire on action 1 of the 5G Action Plan for Eusope)
identified in the 5G Observatory

= =4 =4 =4 4 4 4 4 -8 -4 - -5 - -

Belgium: Ghent

Estonia:Tallinn

Finland:Espog Oulu

Franceb cities in 2019

Germany: Berlin

Greece: Kalamata, Patras, Trikala (9/2019), Zogr@fa{2018)
Hungary: Budapest, Zalaegerszeg

Italy: Baril'Aquila,Matera, Milan, Prato, Turin

Netherlands: Amsterdam

PolandDf A 6 A0S _sRT X YN} (1356 2| NAITIl &I
Portugal:Aveiro

Spain: Barcelona, Madritjalaga

SwedenUmea, Kistatockholm

United Kingdom: Bristol,ondon
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2.7. Spectrum assignment by public authorities

5G pioneer bands identified at EU level are the 700 MHz, the 3.6 GHz.§33Hz) and the 26 GHz
(24.2527.5 GHz) frequencies. Whereas the 700 MHz band has been harmonised ttaougG
Implementing Decision (EU) 2016(687) of 28 April 2016, WN&SD R28 Q | YShRBSHzii 2 F
implementing decisiorhas beenadopted in January 2089The European Commissiois about to

adopt aharmonisation decisiofor the 26 GHz banith Q12019.

MemberSates have adopted a commateadlinefor the effective usabilityof pioneerspectrumin the
European Electronic Communications Code, natmely3.6 GHz band and at least 1 GHz within the 26
GHzband have to be assigned in aleMberSates by em of 2020.

All Member Sates have recognised the need for significant harmonised spectrum for 5G. Work is
ongoing. The review of progress towards making spectrum available to 5G shows various stages.
Spectrum assignments by MSs are detailed in the Anneioge

2.7.1. Review of spectrum assignment progress

At least one auctionhas beencompleted or is ongoing for one of the three pioneer bandsas at
March 2019.

In thirteen MSs at least one spectrumction iscompleteor ongoing as aend March 2019The
Swedish auction for 700 MHz frequenciesk place in December 2018

The 700 MHz band has been assignesiitMemberSates: Germany2015) Francg2015) Finland
(November 2016)ltaly (October 2018)SwedenDecember 2018nd Denmark (March 2019)

The following lisshowsthe Member Satesthat hawe assigne®.6 GHzpectrumband sathat can be
usedin line with 5G technical conditions

Austriain March 2019

Czech Republi®@.6-3.8 GHin 2017

Finland:3.4-3.8 GHZ390 MHz) September 2018.

Hungary 3.4-3.8 GHZ90 MHz) 2016

Ireland: 3.63.8 GHz360MH2), May 2017

Italy: 3.63.8 GHZ200 MH2, September/October 2018

Latvia 3.43.8 GHz 400MH2) in November 201Aand September 2018
Spain: 3.43.6 GHz160 MHz, 2016 & 3.63.8 GHzZ00 MH3, July 2018
UK: 3.43.6 GHzX50 MH3, April 2018

=A =4 =4 =4 =4 -4 -4 -8 9

In the mmwave bandspnly Italy haso farassigned spectrum in the 26 GHz band.

6 Commission Decision (EU) 2019/235 of 24 January 2019 on amending decision 2008/411/EC as regards an update of releahnt techni
condtions applicable to the 3468800 MHz frequency band

7ECC PT1 issued two CEPT reports (Report 67 on 3.6 GHz and Report 68 on 28@MNE#dnR & Q Harfhéniafidn Gnkasures in July
2018in response to a Commission mandate of 26 regulations Wibe based on these two reports.

www.idate.org © IDATE DigiWorR019¢ p. 31



5G Observatory Quarterly Rport #3

At least one spectrum auction in a specific band scheduled for 2019

The auction procedure in at least one spectrum band is scheduled for 20d@ieen MSs:

1 Austria: 3.43.8 GHz,190 MHz in 3316 GHz and 200 MHz in 38 GHzMarch2019

1 Belgium, 700 MHz i93-Q4 2019, 3.63.8 GHan Q3Q4 2019, 400 MHz in 2014.5 GH in
2019

Czech Rep., 700 MHz and 3.5 GHz in 2019
Estonia, 3.6 GH®2 2019

France, 3.68.8 GHzQ42019

Germany, 2 GHz/3-3.8 GHMarchApril 2019

Greece33.4-3.8 GHz, Q4 2018 public consultations on the 3.6 GHz band should take place in
2019 and 265Hz in 2019/2020

Hungary, 700 MH3/5 GHzQ3 2019

Ireland, 700 MH2019

Luxembourg: 700 MHz and 3.6 GR219

Netherlands, 700/1400/2100 MHz, late 20180 MH4ate-2019 or early2020
Lithuania, 3-3.8 GHz, 2019

Portugal, 700 MHz, Q4 2019

Romania700MHz and 3 GHz 2019

=A =4 =4 =4 =4

=A =4 =4 4 4 4

Spectrum auctions scheduled as from 2020

1 Denmark, 700 MHz, 2020 (2x30 MHz + 20 MHz in 700 MHz frequencies, 2x30 MH20A 800
MHz frequencies, 100 MHz in 230800 MHz frequencies, initially scheduled in September
2018, postponed)The 3.5 GHz banavill be auctionedfrom 2020, and later on the 26 GHz
band.

Finland, 26 GHz, spring 2020
France, 26 GHz, 2020

Lithuania, 700 MHz before 2022
Malta, 700 MHzmid-2021

Poland, 700 MHz, 2020

Slovakia, 26 GHafter July 7, 2021
Spain, 700 MHZ)1 2020

UK, 3.63.8 GHz2020

=A =4 =4 =4 4 4 A A

2.7.2. Allowing s pectrum use for 5G

Allowing useof spectrum in low, mid and high bands is key for Bffective usability of spectrummill
highly contribute to the positioof EUMember States in the 5G race.

Mid-band spectrum islefined as the baseline capacity layer, in favour of flexibility for many use cases
with higher throughputs, wider spectrum and potential refarming of LTE spectrum. T{&83Hz
band is the primary band in Europe with early availability.
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Highband speatum is known as the extreme capacity layer with large amount of spectrum potentially
available for very high capacity, very high data rates but limited coverage, partially offset by massive
MIMO. The 26 GHzand (24.2%; 27.5 GHzjs the pioneehighbandfor 5Gin Europe.

Italy was the first Member State tallow spectrum uséor 5G in all pioneer bands in September 2018.
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700 MHz spectrum already assignedenmark Finland, France, Germany, Italy, Sweden

Germany was the first European country to assign 700 MHz spectrum in June 2015. To ddites only
MSs have assigned 700 MHz spectrum: Germany, France, Finland, Italy and Sweden. The Swedish 700

MHz auction proces®ok place irDecember2018

Tableb:

Member State

Frequencies

Availability of 700 MHzspectrum in Member Stategasof end March2019)

Tentative/Expected assignm¢Comments

date
Date of completion

Austria
Belgium
Bulgaria
Croatia

Cyprus
Czech Rep.
Denmark

Estonia
Finland
France
Germany
Greece
Hungary
Ireland
ltaly
Latvia

Lithuania
Luxembourg
Malta
Netherlands

Poland
Portugal
Romania

Slovakia
Slovenia
Spain
Sweden
UK

703-733/758788 MHz
703-733/758788 MHz
703-723/758778 MHz

703-733/758788 MHz
703-733/758788 MHz

703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz

703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz

703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz

703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz
703-733/758788 MHz

Q2 2019 at the earliest
Q3-Q4 2019

Unknown

n/a

n/a

March 2019

n/a

November 2016
December2015
June 2015

End 2020
Q32019

2019

October 2018
January 1, 2022

Before2022

H2 2019

June 2021

Late-2019 or early2020

2020
Q42019
Q3:Q4 2019

After 30 June 2020
n/a

Q1 2020
December 2018
2020

2x20 MHz release for 5G

ECissued a decision on 8 November 201§
initiate proceedings against Croatia

The bandwill bereleased on 30 June 2020

Assigned in MarcR019, with use expected fro
April 2020

5G services in 2019
5G servicen 20192020
5G servicefn 2019/2020

5G servicepossiblein 2022due to TV use

Availahlity datefor 5Gcommercialuse

EC issued a decision on 8 November 201
initiate proceedings againghe Netherlands

ablrdAzyrf {GNFrGS3Te ¥
AY w 2 Y [bgtwieene November 20th ar
December 21st, 2018

The bandwill be releasedfter 30 June 2020

40 MHz assigned

Source: IDATE DigiWorld, based\iRA information
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Usability of m id-band (3.4 -3.8 GHz) spectrum

3.4-3.8 GHz spectrum already assignefl MemberSates: Austria,Czech Republi€inlandHungary,
Ireland,ltaly, Latvia, Spain and United Kingddmctions are going on in Germaimyearly April 2019

3.4-3.8 GHz spectrumas beerassignedin 2016 in Hungary, iMay 2017 in Irelandn Czech Republic

in 2017,in April 2018 in the United Kingdorim July 2018 in Spain affithe upper half of the bandh
September 2018 in ItalyPats of 3.43.8 GHz spectrum were awarded in Latvia in November 2017 and
September 2018Finland assigned the 3.6 GHz band in September 201Blarch 2019, Austria
assigned 3.6 GHz spectruithe 3.6 GHz auctiossarted in Germany in March 2019

Outside Europe, the USAless advanced in th spectrum rangeThe FCC establishedtfaee-tier
spectrum sharing system for spectrum at 3.5 GHz in 2015. In 2017, the FCC started to analyse how 3.7
4.2 GHz spectrum could be relevant for mobile broadb&adlier in 2018, the FCC identified spectrum

at 3.4 GHz as a government band for a potential reallocation for mobile broadband.

8 Parts of this frequency band is used for 4G fixed wireless access
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Table6: Availability of 3.4-3.8 GHzpectrum in Member Stategasof end March2019)

Member State

Frequencies

Tentative/Expected assignment d Comments

Date of completion

Austria 34103800 MHz March2019 Four months after approval of the May 20
tender document (period of approval n
limited by law)

Belgium 3400-3800MHz Q3Q4 2019 700, 1400, 3600/Hz spectrum concerned
Renewal of existing licences to expire in Mz
2021 in 900, 1800 and 2600 MHz

Bulgaria 3400-3800MHz Initially planned in 2018 n/a

Croatia n/a n/a n/a

Cyprus n/a n/a n/a

Czech Rep. 36003800 MHz July 2019

34003600 MHz 2017

Denmark n/a 2020 n/a

Estonia 3400-3800MHz n/a Auction expected Q2 2019 for 390 MHz o
spectrum

Finland 34003800 MHz Sept. 26, 2018

France 3600-3800 MHz Mid-2019 Public consultation in October 2018

Germany 3700-3800GHz March-April 2019 Fullavailability in 2022, early stage in 2019

Greece 34003800 MHz Q4 2019 n/a

Hungary 34003600 MHz June 201§90MHz) For 4GNew technical criteria to be elaborats

36003800 MHz Q32019 for 5G
Ireland 3410-3435 MHz and 347 May 2017 Availablefrom January2019
3800 MHz
Italy 36003800 MHz September 2018
Latvia 34003800 MHz November 2017
October2018 Remaning 50 MHz

Lithuania 34003800 MHz 2019 Public consultation in Q2 201®cluding the
38004200 MHz bandNew public consultatio
in Q3 2018

Luxembourg 3600 MHz H2 2019 Public consultation in Q3 2018

Malta n/a n/a Public consultation in Q2 2018

Netherlands 34003800MHz n/a n/a

Poland 34003600 MHz n/a Public consultation in Q3 2018

36003800 MHz n/a
Portugal n/a n/a n/a
Romania 34003800 MHz Q3Q4 2019 n/a
Slovakia 34003600 MHz July 2015 Not for 5G Licences until 2025.
36003800 MHz 2017

Slovenia n/a n/a n/a

Spain 34003600 MHz 2016 160 MHz assigneidr 4G(andusable for5G)
36003800 MHz July 2018 For 5G

Sweden 34003800 MHz 20197

UK 34003600 MHz April 2018 150 MHz assigned in the 3346 GHz band
36003800 MHz 2020

Source: IDATE DigiWorld, based on NRA information

www.idate.org © IDATE DigiWorRD19¢ p. 36



5G Observatory Quarterly Rport #3

Usability of h igh-band (24.25 -27.5 GHz) spectrum

26 GHz spectruns assigned in Italy

Italy wasthe first Member State to auctioh GHz of the 26 GHz bagrat world level, it ranks second,

after South Korea, which already awarded 2,400 MHz spectrum at 28 GHz in June 2018. The USA will
likely rank third globallyith 1550 MHz of such spectruifhe FC started auctioning 28 GHz spectrum

on November 1%, 2018, a few weeks later than Italy. The auction of 24 GHz frequencies will start just

after closure of the 28 GHz auction.

Table7:
Member State

Frequencies

Availability of 26 GHzpectrum in Member Stees (asof end March 2019

Tentative/Expected Comments

assignment date

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Rep.
Denmark
Estonia
Finland

France
Germany
Greece
Hungary
Ireland

Italy

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia

Spain

Sweden
UK

n/a

n/a

n/a

24.2527.5 GHz
n/a

n/a

n/a

n/a

26.527.5 GHz

26.527.5 GHz
26.527.5 GHz
n/a
26.527.5 GHz
n/a

26.527.5 GHz
n/a

n/a

n/a

n/a

n/a

26.527.5 GHz
n/a

26.527.5 GHz
26.527.5 GHz
26 GHz

n/a

26.527.5 GHz
26.527.5 GHz

Date of completion

n/a

not before 2021

n/a

n/a

n/a

n/a

2020

n/a

Spring2020 Parts of the range are already available
shared use

2019 Public consultation in Q2 2018

2019 General authorisations

n/a

Q32019

n/a Spectrum assigned in 2017 bxgstricted to
point-to-point (P2P) links

September 2018

n/a

n/a

H2 2020

n/a

n/a

n/a Band reorganisation envisioned

n/a

2020

Will be assigned after July 7, 202

January 2018 Two blocks (56 and 112 MHz) awardédt
not available for 5G

2020 Potential rearrangementl.4 GHz of spectru
could be assigned

2020 Auction process considered

2020 Call for inputs in July 2017

Source: IDATE DigiWorld, based on Mfmation
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2.8. Product/market developments

2.8.1. Chipsets

As ofend of March 2019 several5G basebands have already been announced and should be
integrated in products to be released as soon as in 200.the earliest device manufacturers

Qualcomm, with its 30 modem was the first to announce itstiative, back in the end of 2016 and is
today probably the most advanced player in terms of product availability, probably followed by
Samsung, who announced its 5G baseband in August 2018 but with a much mgratedeoffering.

As compared to Qualcomm, Samsung is indeed proposing, what it considers as the first integrated
multimode 2G/3G/4G/5G baseband. The Qualcomm X50 module must be used together with a
2G/3G/4G baseband for NeBtandalone Operation.

In Februay 2019,Qualcomm unveilethe SnapdragorX55,its secondgeneration 5G modegwhich
supports all generations from 2G to 5G, all frequency bands frorl9Bblz to mrwave bands and
both standalone (SA) and netandalone (NSA) deployments

As can be seen ifable8 below, besidesQualcomm and Samsupaglsolntel, Huawei, through

HiSiliconand Mediatek have also annourttéheir 5G initiatives in terms dfaseband At the Mobile

World Congress in February 2018, Huawei had announced, through its subsiealigdti, its own

5G baseband called Balong 5G01, a chipset that Huawei claimed to be the first 5G commercial
chipset, a claim that is true if we coder it is effectively used in Huawei own 5G CPE but that
R2SayQi NBGSIf GKS fS@St 2F YIGdaNARiGe 27Fs 4KS LINER
supportathroughput up to more than 5 Gbps in the mmaves, Huawei Balong 5G01 currently

supportsa maximum throughput of 2.3 Gbps.

As for Intel and Mediatekboth players seem to lag behind in terms of product readiness. At MWC
2018, Intel was showcasing a solution still based on FPGAs, highlighting the integration steps still
required for readily availabland embeddable silicon. Mediatek seems to be in comparable situation,

although much less is known about the development status of its Helio M70 5G baseband.

Table8: Presentation of announced 5G chipsets
Product name Announcement Availability Bands Throughputs
Qualcomm X50 (basebandFirst announced End of 2018 Sub 6 GHz and 28 G+Up to 5 Gbps
in 2016

Qualcomm X55 modem  February 2019 S1 2019 Sub6 GHzandmm Up to 7 Gbp

waves downlink and
Gbps uplink
Intel XMM 8160 November2018 2nd half of Sub 6 GHz and mm 6 Gbps
2019 waves

Samsung Exynos 5100 August 2018 End of 2018 Sub 6 GHzand mm Up to 2 Gbps i

waves sub6 GHz and
Gbps in mm
waves
Hi-Silicor! Balong 5G01 February 2018 End of 2018 Sub 6 GHz antim- Up to 2.3 Ghps
Huawei waves
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Vendor Product name Announcement Availability Bands Throughputs

Hi-Silicor/ Balong 5000 January 2019 2019 Sub 6 GHz and mm Up to4.6 Gbps

Huawei waves

Mediatek Helio M70 June 2018 20192020 Sub 6 GHz and mm Upto 5 Gbps
waves

Source: IDATE DigiWorMarch 2019

On paper, those chipset seem fairly similar, wétpport for 5G NR radio interface, both in Non
Standalone (NSA) and Standaloaeto 8 channel aggregation, 256 QAM modulation in the downlink
and support for both suls GHz frequency bands and rwaves Because more bandwidth is available

in the mmwaves than in the sub GHz band, possible performance differs depending on the
frequency band used. The announcement of Qualcomm, that 20 OEMs were working on implementing
products based on the Snapdragon Xbighlighs how Qualcomm seems to be ahead in the race to
enabling 5G mobile devices.

A specific challenge with 5G for chipset manufacturers is the support cfvawes becausef the
possibility for the hand, body, or any obstacle to easily blockwawesignal. In order to circumvent

this issue, Qualcomm has developed a new antenna module called QTMO052 that brings support for
mm-waves. In order to maintain connectivity, four of those modules are requiredd&vice, so that
whenever one antenna is bloatdy something, another one can continue to receive a signal through

a different path.

Figure8: Layout of QTM052 mrwave antenna module in a smartphone form factor
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Source: Qualcomm

The first smartphone to integte this complete solution from Qualcomm (5G baseband +wave
Radio FronEnd) will be the Motorola Z3 announced in August 2018. 5G connectivity, however, will
2yte o0S @FAtlLotS a Iy FRRAGAR2YIET aY2REThe2 0S L
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