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This is the second quarterly report of the 5G Observatory for the fourth quarter of 2018.

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

On 14 September 2016, the Commission launctiexd5G 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 setout a clear roadmap for public 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 sectorghifield of 5Glt alsopresents 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 variouskrift & Ay 2NRSNJ (2 @tniidD&cknib& 2018 iQisicle® | LI 0 A 1
that they are heavily involved in 5G testing witB8trials reported in EL28 countries.

In the coming monthsEuropean mobile operatorshouldprepare the deployment phase amdll be

FofS G2 LISNF2NY GSaida Ay aNBFfé O2yRAGAZ2YNA & GfF
the first half of2019 In June 2018, Elisa announced availability of a commercial 5G network
¢CFYLSNBEE CAyfl yR | yrallindrildie29180rafge stabteditd@niourice détdiléde 2 F
plans regarding 5G network deployment and commercial laufch2019,5G deploymentsare
expectedwith tens of base stations in many cities across EurMagiousoperators {odafone, EE,

h NJ y 3 Shave&lteady announced deployments in m&wopearcities.Contracts with network

suppliersfor 5G equipmenshould be signed in 2019 in order to allow full commercial service in 2020.

In other regions of the world, 5Gisager K24 G2LIA O yR vIdGFNRAE h2NBR2?2
service in May 2018. Nevertheless, it should be noted that availability of mobile 5G devices is expected

in the first half of 2018nd that only prototypes are available today. Verizaslaunched its fixed

wireless access service early October in four cities in thebdS#&d on a proprietary standardT&T

also announced the launch of a mobile 5G service based on the 3GPP staidasdrvices restricted

to friendly* customers until the first quaer of 2019.The three South Korean operators agreed to

launch 5G services on the same day in March 20ttPalready announced limited commercial service

targeting the enterprise market in early Decem2€éx18.China and Japan are already very active in the

5G field andperatorswill commercially launch 5G in 202920.

Key trends related to the 5G Action Plan measures covering 5G roadmaps, spectrum, early deployment
andpanEuropean multstakeholder trialsare presented inTablel:

1 Friendly customers are employees of the mobile operator or people using the servize dbarge in exchange of reports on the service

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 5Gcommercial launches (network only): Elisa (Finland and Estonia) in
providers or users 2018, Ooredoo (Qatar) in May 2Q18outh Korean MNOs in December
2018 AT&T in December 2018 (end user devices in Q1)2019
5G commercial launches (network and end user devis&sjzon (USA) in
October 2018

No clear indication of 5G investmeriig mobile operatos.

5G planned launches: South Korea in March 2019, Japan in August 2(
(Prelaunches in 2019, notably for NTT DoCoMitumn2019), AT&T (US#
in 2019.

Promote early dployment in major urban  138trials 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 (5G Carmen, 5G CroCo, 5G Mobix).

Promote parEuropean multstakeholder  Largetrials are part of H2020 phase 3 projects. Three projects (5G EVE

trials as catalysts to turn technological VINNI, 5&ENES)Started on the 1st July 2018 and run for 3 years

innovation into full business solutions implementing and testing advanced 5G infrastructures in Europe (15 tc
M Euro investment).

Source: IDATE DigiWoddecember2018

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

Public authorities have started to take measures to facilitate the introduction of 5G. This ranges from
national 5G strategies to the completion or preparatiorb@f spectrum assignments.

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

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

of 5G (the pioneer bands identified by RSPKBe second target was the identifigat of a full set of
spectrum bands for 5G by the end of 2017 and working toward an approach for the authorisation of
specific bands above 6 GHz.

At mid-December 2018, the most tested frequency band in Europe is by far the 3.6 GHz band. The 26
GHz band istarting to gairtraction.

www.idate.org © IDATE DigiWorkD19¢ p. 7
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Table2: Assessment of 5G 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.
NineMSs published specific national 5G roadmaps (Augtidand, France,
Germany, Luxembourg, Spain, Sweden, The Netherlands, and the UK).
Thirteen EU MSs ha published national 5G roadmaps or global strategy
documents: Austria, Denmark, France, Germany, Italy, Luxembourg, Mal
Poland, Romania, Spain, Sweden, The Netherlands and the UK
Twelve EU MSs have launched public corstitins on 5Gpectrum/strategy.

Makepioneerspectrum bands available ftMember States are required to authorise the 700 MHz band by 2020, unl
5Guseahead of WR@9 there are justified reasons for delaying it until ”’#622 at the latest.

I The 700 MHz band h&®en assigned in five MSs: Germany, Frar
Finland, Italy and Sweden

1 The 3.43.8 GHz banflas been assigned accordance with 5G
technical conditionsin 5 MSs: Finland, ltaly, Latvia, Spain and
United Kingdom
1 The 26 GHz barths been assigned in Italy
Intwelve Member States at least one spectrum auction is complete (as at
December 19, 2018).
Three5G spectrum auction®ok place inQ4 2018:
I Finland:3.4-3.8 GHzSeptember 26th 2018
9 ltaly: 3.63.8 GHz and 26 GHz, September 2018
1 Sweden: 700 MHRecember #, 2018 (3.43.8 GHz in 2019)
In elevenMSs at least one spectrum auction is scheduled for 2019.

Spectrum: usage of 5G pioneer bands Usage: no commercial usage of 5G spectrumiry&U28 (Elisdaunched its
and/or of other bands identified by the  5G network in Finland but services and devices were not available at the
RSPG of 2018)

Service verticals: feasibility of vertical usiMedia & Entertainment30trials
cases based on deals inked with key  Transport: 23 trials

vertical players Automotive: 17 trials

Other verticals: Industry 4.0, Agriculture, Smart cit@sart buildings,
SISIftGKX tdzotAO {FFSidex

Top 10 European countries where trials ¢ Spain, Francésermany|taly, UK, Finlandstonia, Netherlands, Portugal,
organised Romania

Technologies (Notand Alone, Stand  Non-Stand Alone 5G (3GPP Release 15) for all mobile operators except )

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

broadcast/streaming, Heterogeneous  reported trials.
bSdGgs2N] ax
Source: IDATE DigiWoddecember2018

2Consultations iright countriesGermany, Greece, Luxemboulgglta, Poland, Slovakia, Slovenia and th¢ds&now closedl5 December
2018).Process is ongoing in four MSs (Bulgaria, France, Lithuahi@@nania).

3 Harmonised technical conditions in line with Commission Decision to be adopted by end of January 2019

www.idate.org © IDATE Digiwora19¢ p. 8
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2.1. Latest developments at EU level

5G is progressing well in Europe. The process has significantly accelerated sineady284.7.

Ambitious goals were set at European level since 2016.S 9 dzZNB LISty [/ 2YYA AdaA2YyY Qa
Sept. 2016 confirmed by thdember Statesn December 2017 targets the commercial rollout of 5G

in one major city in every Member State by 2020 and the coverage of the main urban areas and
transport routes by 202

The Europeatynion regulatory framework for electronic communications has recently beeewed
and the newEuropearElectronic Communications Co(leECQ)ill come into force athe beginning
of 2019andMember States will have two years to transpdsi@to national law.This will give a strong
push to 5G and highpeedbroadband networks as a whole.

The new Electronic Communications Code will facilitate investments and entry into the market for
wireless communications operators by:

- enhandngthe deploymentof 5Gnetworksby ensuring the availability ofew necessar$G radio spectrum
by theend of 2020 in the EU

- providing operators withnvestment certainty angbredictability for at least 20 years in terms of spectrum
individuallicensing;

- ensuringbetter coordination of planned radio spectrum assignments

- supporting the entry of new spectrum users and economic operators thrinageased recourse tehared
use of radio spectrunand general authorisation where possible, as welkasier spctrum trading and
leasing

- facilitating the deployment of 5G networks by introducing a light authorisation regime for -ganesl
wireless access points;

- facilitatingthe roll-out of new, very high capacityfixed networksby making rules for cinvestmentmore
predictable and promoting risk sharing in the deployment of very 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 bgidiand a specific regulatory regime for wholesale
only operators.

- ensuring closeooperation between the Commission and the Body of European Regulators for Electronic
Communications (BERE®xludingin supervising measures related to the new acceswipions @ co-
investment and symmetric regulation.

All Member Statesare requiredto adopt5G roadmapsegarding the licensing of the 700 MHz band.
Nine MSshaveassigned or are aboubé¢fore yearend 201§ to assign 5G spectrum (mainly 348
GHzrequencies).

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 stieéegnerally result from aationalbroadband
strategy defined earlier in 2015 or 2016 and lasting up to 2020.

www.idate.org © IDATE Digiwora19¢ p. 9
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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 strategiekhe work done witlexperts fromeEU Member States covers key
issues that range from deployment targets, spectrum and small cells to public financing programmes
and 5G innovation support.

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 pioneerbands and trial licenses are often considered. Funding
methods are presented and discussedd measures to stimulate and mobilise key players from the
telecom and vertical industries are also considered.

The review of progress made towards 5G market introdurctshows various stagedline MSs
published precise national 5G roadmaps (AustRiland, France, Germany, Luxembourg, Spain,
Sweden, The Netherlands, and the UK) whetkiteen EU MSs have published national 5G roadmaps
or global strategy documents:ultria, Denmark, France, Germany, Italy, Luxembourg, Malta, Poland,
RomaniaSpain, Sweden, The Netherlands and thelWR019, eight Member States will publish their
5G strategies: Cypry4/19), Denmark(2/19), Malta (3/19), Hungary(4/19), Portugal(7/19), Croatia
(Q4/19),Greeceg(12/19) andLithuania(by end of '19).

Four EU MSs have launched new pubbasultationsduring Q4 2018&n 5G spectrun{Bulgarig,
Francé, Lithuanid and Romanié). In other MSs the reflection has just started; countries dat
publish a 5G roadmap or begin a public consultation, but awarded trial licenses or organised round
tables: Croah, Finlandand SloveniaThe remaining MSs are still at the internal reflecting phase: Czech
Rep., Estonia, Greece, Hungary, Ireland, dard Lithuania.

5G strategies and plans byevhber Satesare detailed irsection3.1 of the annexof this report.

4 https://circabc.europa.eu/ui/group/7dald333dda4a409d7c0013e0c51c98/library/3179b0e061d-4eac9742-e391d63b5cc6/details
5TheBulgaria 5G strategy plan mentions the 700 MHz and 3.6 GHz bands

61n October 2018, ARCEP launched a consultation for the 1.5 GHz, 3.6 GHz and 26 GHz bands

7 The consultation was for the 3.6 GHz band

8 n December 2018, the Romanian regulator, ANCOM, has issued a consultation about its action plan foc@@d@the 700 MHz, 800
MHz, 1500 MHz, 2.6 GHz, and 83.6 GHz bands for 5G services

www.idate.org © IDATE DigiWorR019¢ p. 10
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2.3. 5G scoreboard

2.3.1. 5G scoreboard z EU-28
The 5G scoreboard summarizes the status of 5G trials, spectrum plaasures ortoverage, roadmaps and national plans irZ8U

Figurel: 5G scoreboard, EU28
Scoreboard — EU 28 (January 2019)
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2.3.2. 5G scoreboard z International

The international version of the scoreboard detailals and timelines for 5G commercial launches and spectrum plang-wide.
Figure2: Scoreboard; International markets

Scoreboard — International markets (January 2019)

= USA: Octoher 2018 for Verizon (Fixed Wireless Access — not 3GPP), December 2018 for
AT&T (network only)

= South Korea: December 2018 (5G service for enterprise only)

= Europe: Elisa in June 2018 (network only)

COMMERCIAL LAUNCHES

= China: 2019 for pre-commercial, 2020 for true commercial launch. China Mobile ahead,
other 2 players not so far

= Japan: Planned in August 2020 for the Olympic Games

= South Korea: 5G Joint commercial launch in March 2019 for the residential market

= USA: Planned for end-2018, 15 2019 for AT&T. 2019 for T-Mobile, Sprint

= Europe: 5G launches by end of 2020in all Member States (5G Action Plan)
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= Spectrum plans disclosed in 2016: November’ 18 auctions for the 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

= 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 Mabile: 260 MHz in 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)

B5G 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 deadline for assignments of 5G pioneer bands in the EU
= Spectrum assigned and usable in 2020 in 8 Member States: 10.7% in the 700 MHz band,
11.5%in the 3.4-3.8 GHz band and 3.5% 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 plans whereas Elisa and Ooredoo claim they
have commercially launched 5G.

2.4.1. Elisa (Finland and Estonia)

Elisa reported its 5G network carried a 5G phone call on Juhe2R18 between the Estonian minister
of Economy and her Finnish colleague in Finldmsts performed showed data speeds of 2.2 Gbps.
That said, the first 5G licences would be made availsthe 3.43.6 GHz frequencies autumn2018.

2.4.2. Ooredoo (Qatar)

Ooredoo in Qatar claimed in May 20t8be the first world player to launch 5G nationadlith 50 sites
registered late in July 2018 and 50 additional base stations to be added in Augugs2éh8re the

5G launch eventOoredoo seems to be providirgs wTTHwireless To The Homegrviceson 3.5
GHz spectrum domestically with the very few compatible devices available (25 desdoediag 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 devidese 2019)

2.4.3. USA Verizon 5G Home service launched on October 1 st, 2018

In the USA, Verizon 5G Home service was launched on Oct&ph&018 in limited areas of four US
cities The other mobile operators will launch their 5G services in the coming months.

Verizon

Since 2017, Verizon has been testing fwave 5G service in 11 cities (in Ann Arbor, Atlanta,
Bernardsville, Brockton, Dallas, Denver, Houston, Miami, Sacramento, Seattle, and Washington, DC.).
Verizon demonstrated a video 5G call at the 2018 Super Bowl and a NR data lab transmission with
Nokia aml Qualcomm in February 2018. In June 2018, Verizon testedvayodata 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 andNokia 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 2018Verizon, in partnership with Nokia, has completed the transmissians® mobile

ardayrt G2 | GSad @y Ay 2l aKAYy3Ii-dafespettiaSand SR G o6 a
yStig2N] O2NBx Ff2y3a gAGK b21AFQ& pD NIYRA2 Sl dzi LIY

In September 2018, Verizon successfully transmitted a 5G signal on a commercial 5GvdiR inet
Washington DC and Minneapolis on prototype devices.

Verizon 5G Home service was launched on Octofe2d18 in limited areas of four US cities (Houston,
Sacramento, Indianapolis, Los Anggld$e service is charged at @&Dper month (50USDmonth

for existing Verizon customers). Theaee 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 W&H(40
after the first three months). Speeds range from 3@Bps to 1 Gbps, depending on location.

Launclesin additional cities will follow. Mobile 5G could follow within a half year.


https://www.youtube.com/watch?v=904E7Fi58XE
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Verizon uses CPE (Customer Premises Equipment) units and home routers from Samsung and is
expected to use the Motorola Modf for mobile 5G.

AT&T

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

AT&T plans to launch 5G servited 2 cities or population centetsy the end of 2018ncludingDallas

TX, Atlanta GA, Waco, ,Tatid Charlotte, NC, Raleigh, NC and OklahomaAJi&T remains reserved
about 5G FWA. AT&Tisexpecie@ f I dzy OK pD $AGK | Y20Af S a&aLIzO ¢
AT&T 5G service in early 2019, the-mlt will be extended to 19 additional cities including Las Vegas,

NV, Los Angeles, Nashville, TN, Orlando FL, San Diego, CA and San Jose, CA.

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

first mmwk @S Y20AfS pD OoONRgaAyd aSaarzyQ Ay 21023 ¢
bAIKGKI g1 o0FaSR 2y vdza t 02YY {ylI LIRdvé SB2ngtworkfion pD Y
connectivity. This 5G will become available by the start of 2019 fousark.

ATé&Talsoachieved tests of wireless 5G data transfer over-mave spectrum bands, via a mobile
form factor device. The trial was carried out in Waco, §exa

AT&T is the first in the U.S. to announce the launch of a commercial stahdaed mobile 5G network

on 21st December 2018. 5G hotspots will be deployed in the dense urban areas of 12 cities: Atlanta,
Charlotte, N.C., Dallas, Houston, Indianapdié&ksonville, 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, Cali

¢KS b9¢D9!w bAIKIGKFIGg] pD az20AftS |1 204aLR wakSOAOS |
spectrum. Customers outside of 5G+ network coverage will be able to use the device to access the
0Saild LISNF2NX¥YAYy3I ySiig2N] Ay ulidoBetORsdshuippdd with®256¢6 St |
QAM, 4x4 MIMO, and Multiple LTE Carrier Aggregation) available in 385 mdiketdighthawk

hotspot device will be available to customers &9 USDupfront and a monthly70 USDpayment for

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

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 naméldnta, Chicago,
Dallas, Houston, Los Angeles, and Washington ®@sainitial wave of mmwvave 5Gmarkets
Additionalmarketswere revealed in May 2018, includibpw York CityPhoenix, AZ anlansas City.
Sprint will lunch a first 5G LG smartphomethe USA by miglear 2019.

T-Mobile USA

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 citiellike its competitors, -Mobile is not expected to launch 5G
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in mmwaves. It announced it willse its 600 MHz spectrum primarily and 28 and 39 GHz frequencies
in the second stage. The idea behind is to be able to get high speeds with a broad coverage.

T-Mobile USA signeth August 201&wo 3.5bnUSDcontracts with Ericsson and Nok@support its

nationwide 5G network deployment. Under the tesmof the contract, Ericsson will provideMobile

gAGK Ada pD bw KINRgFINBS |yR &27F0¢l NSThe rholile 6 St t |
operator is targeting early 2019 for its commercial laurithlsoexpects that its fixedvirelessaccess
servicebased on 5G networks will deliver speeds of Mifps for up to twethirds of the population

in the coming years and will be reaching 90% of the country by 2024.

2.4.4. South Korea
3.5 GHz and 28 GHz speatrwere 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
spectrun. KT provided the 5G data network through a collaboration led by Intel with partners including
Ericsson, Nokia and Alibaba, while Samsung unveiled its 5G mobile tablet device to deliver a 4K
AO0NBFYAYy3 GARS2 OKTldembnstinted ofwE5G adtwdr foul tiyplesiof datsedryd

video streaming services: Sync view, Timeslice, 360 VR and OmnipoinKVialso showed a 5G
Connect Bus using 5G, capable of autonomous driving usingdeidsors and the V2chnology.
Hyundai demonstrated fiveelvel4 autonomous carsnoa 196km trip to Pyeond@ng; the cars were
connected to the KT 5G nfgr entertaining the passengers.

SK Telecom, LGU+ and KT launched their 5G service in a number of cities on Deted&. The

launches ame earlier than peviously 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. This flsANBE SY Sy i Q
intention aimed at avoiding a very costly launch campaign when 4G came to reality back in 2011 and
generating heavy cost savings of nearly 1 trillion KRW over the next ten years.

2.4.5. Japan

Historically, Japan has been at the forefront of mobédehnology. Japan targets the Tokyo summer
OlympicGamedo launch 5G. However, NTT DoCoMo announced it coukthpreeh 5G in September
2019with plans to deploy commercial 5G services across Japan bg0al

NTT DoCoMo

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

for 5G launch. This has been confirmed in June 2018 by Mrs. Lan Chen, CEO of NTT DoCoMo Beijing
[Fo6a &aLISHF{Ay3a Fd GKS a2/ Qmy AVY{ KInATKRIARM §{ KK | 1
sometimes irsummer2020. Assignment of 5G spectrum in Japan is expected bivianch 2019.

NTT DoCoMo carried out a number of 5G trials with multiple vendors. For example, they cooperated
with Tobu Railway to trial a 5G systemTlakyo Skytree Town using 28 GHz spectrum in March 2018.
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
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Commurications (URLLCjesulted in network speeds up to 11.29 Gbps total and less tharahalf
millisecond latency. NTT DoCoMo also completed 5G integrated access backhaul trials using the 39
GHz frequenciedVith Nokia, NTT DoCoMo tested 5G on the 90 GHz band.

In May 2018NTT DOCOMO achieved a 5G field trial aBR&, involving a 5G base station anda ¢
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 $egobile terminal and 50MHz of
spectrum in the 2&Hz band.

NTT DOCOMO, in partnership with Metawave Corp, demonstrated 5G techibggember 2018
using the 28GHz band. The trial took place in K&tg Tokyo and achieved data transmission speeds
of560a 6 LJA ¢ A U K a S{strudidre® @feéarray $ 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 -#€kn 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 wituawei or Ericsson since 2017, notably using 4.5
GHz frequenciesoftBanks working withHuawei to demonstrat&G Ademonstration included real

time UHD video transmission (throughput of over 800 Mbps) using-higia throughput, remote
control of a rdotic arm and ultrdow latency transmission 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 completed a successful 5G demo on a train moving at over
100km/h. The distance betweertwo stations was approximately 1.5kn€ompanies achieved a
successfuDLandULhandover as well as a peak speed of 1.7 Gbps.

KDDI haslso performed 5G trials, mainly with Ericsson and Samsung 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 offieg 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.

2.4.6. China

5G deployment irChina $ strongly backed by thgovernment. 5G ranks among the strategic priority
for the whole country (18 5-year plan 20152020 andéMade In Chind2025 Initiative launched in
2013). In January 2017, the M LJdzo £ A & K SevelopmBidE RIAANNL for2nforméation and
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Communicathn Industry (201€020) in which it sets the objective of becoming one of thabal
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 t@él 5G oriented companies includiggdE and
Huawei ZTE and Huawggceived 72 million USD fofsb

In October 2017,He Chinese government kicked off tBed phase of 5G technology research and
development tests. This phase aims to get-poenmercial prodcts ready for when the first version

of 5G standard comes out in June 2019.

Time has accelerated significantly in 2018 and China 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 Chinese Government allocated spectrum for 5G national trials until June 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 lBeom, 3.53.6 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.

China Mobil e

China Mobile started to conduct 5G trials during the second half of Z2Dlhi®a Mobile plans to start
offering 5G services in 201@hich is a year earlier thaariginally planned (2020). In 2018, China
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 Z20aB)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 56 November 2018China Mole
LINSASYGSR AGAa WpD ¢ S Nivohgh which it plahy t8 Sukh ts@BAtNE Y'Y S Q
devices by 2019. The company announced that first 5G devices will be launched by H1 2019. Under
GKS 320SNYYSyiQa Oda2NNBy (i LI hology will edlpreapmmeRri@ldset 2 LIY Sy
in 2019 while full commercial launch will occur by 2020.

China Unicom

China Unicom announced in August 2018 @@ 5G base stations will be implemented in Beijing this
year, via its 'Next 5G' initiativ€€hina Unicom &s 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 aneslzafgetrials are scheduled,

China Telecom
China Telecom started testing 5G in sixckig Of dzZRAy 3 - A2y 3QlyX { KSyil KSy=x
and Lanzhotn a view to test 5G in 12 cities in the end.
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2.5. 5G pre-commercial trials

138 5G trials in the 28 MSs of the European Union and 17litrélgling Russia, San Marino, Norway,
Turkey and Switzerland

2.5.1. Analysis of the 171 trials registered so far °
5G trials are presented in the European 5G Observatory as shown in the figure below:

Table3: Screen shot of the trials base 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 DigiWorld, December 2018

As many ad71trials have been listed so far. A little more than a third of 17d trials are technical
tests (60 trials). The share of technical tests dropped significantly in @tespanonths. The number
of technical tests also decreased over the last quarter.

Media and automotive are the verticals majorly driving trials

The most trialled verticals are media and entertainment (30 trials) followed by transport (23 trials) and
automotive (17 trials).

Thel71trials were organised in 28 countriek38in 23 of the 28 MSsf the European Union anzi8
in Russia, San Marino, Norway, Turkey and Switzerl&ta}rials have been registered so far in the
following MSs: Czech Repubf@yprus, Luxembourg, Malta, Slovakia and Slovenia.

9 The analysis was made with the data available on th©b&ervatory on 12 December 2018

www.idate.org © IDATE DigiWorR019¢ p. 18



5G Observatorg Quarterly Rport #2

Figure3: Verticalstested in 5Gtrials
Number of tests by vertical

m Agriculture
B Automotive
m Transport
Industry 4.0
® Media and Entertainment
B Smart Cities
m Smart Buildings
B eHealth
= Energy
W Virtual Reality

Source: IDATE DigiWorld, December 2018

The most numerous trials performed in Spain, France and lItaly

Trials are the most numerous in Spatrance, Germany and Italy. These top four countries are totalling
40% of trials. Germany ranks joint'2vith Francein terms of number of trials performed. Italy is
followed by Russia and the UK which are tied.

Figure4: 5G triak by country
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Source: IDATE DigiWorld, December 2018

On average, more than six trials by country have been listed so far.
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The 3.4-3.8 GHz is again the most tested frequency band

Whenindicated(frequency bands tested are available only in selected trials, representing 49% of all
trials listed), the mostisedfrequency bandor trialsis by far the 3.48.8 GHz (56 trials tested the 3.4

3.8 GHz frequencies out of 82 trials mentioning which bans eamsidered). The 26 GHz band which
had not been tested yet in Europe, probably due to the unavailability of devices for this frequency
band in Q3 2018 in Europe, is gaining traction and now appears in the list

Figure5: Frequency bands tested

m700 MHz m3.5GHz m4.5GHz m 15 GHz m 26 GHz m 28 GHz m 70 GHz

Source: IDATE DigiWorld, December 2018

More than half of the trials are completed

More than half of the trials are completed to date. Less than 1/3 (27%) of trials have been announced
or planned. The rest is still in progress.

Figure 6: Status of 5G trials in Europe

H Announced HIn Progress B Completed

Source: IDATE DigiWorld, December 2018
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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 least 2 cell sieexd 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)

Figure?: Level of maturity of tests

Level of maturity

3%

25%

73%

Most important Other pilots Smallertests

Source: IDATE DigiWorld, December 2018

Only he Elisa trial in Finlandated July 2018can be referenced as an important 5G pilot and get a
category 1. The vast majority of trials (3/4¢an be qualified as categor$ (small tests or
demonstratory, and éss than or fourth of them can be considerd as intermediatdcategory 2)

2.5.2. Trial cities

¢CKS 9dzNRLISIY /2YYAaarzyQa |OGAz2y LIy 2F {SLIHGSYo
2017 targets the commercial rollout of 5G in one major city in every MS by 2020.

Soecific cities in Europannounced their plans to become 5G Trials Cities, at the forefront of 5G trials

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

' YAUSNRFYS . INOSt2yF>S . FNRXZ . SNIAYy3Ia N@ELRRE [ Q! I
Patras, Prato, Stockholm, Tallinn and Turin.

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

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

Grenoble, Lannion, Lille, Lyon, Marseille, Nantes, Seftigolis et Toulousedlongside with eleven
OAGASA AYy t I NR&AQ& & dzo dzNMoathléhylanyt Sacksiajof HialsttakeNdace> / K N U
in Paris, Bordeaux and Lille.
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2.5.3. Digital cross-border corridors

Ten "digital crossborder corridors" established 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 coresideered
flagship use case for 5G deployment along European transport paths, 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 ta highlevel agreementin March 2017between MSs at ministerial levdcilitated 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 crodsorder corridors were announced and established live tests of 5G:

Metz-MerzigLuxembourg (France, Germany, Luxembourg)

RotterdamAntwerp-Eindhoven (Netherlarg] 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 expaded during the EC Digital Day in April 2018 with announcements
to work to develop corridors between:

€ e egegeg

w Spain and Portugal
w Greece, Bulgaria and Serbia to expand the corridor ThessafuofikiBelgrade,
w On the Brenner pass motorway towards Italy (theeher motorway connects Innsbruck in

Austria to Modena in northern Italy).
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5G CAMcrossborder corridors

Corridors

Political Commitment

Metz-MerzigLuxembourg: FRELU

Lol between FR and DE in Sept. 2016. LU join&em. 2017.
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 BorealisNO-FI

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

Nordic Way2: NS EFIDK

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|
SudtirolTrentino have confirmed their intention to work, i
cooperation with other interested Member States, on t
development of the 5G Corridor on the Brenner pass motor
However, no Lbsigned yet.

Thessaloniki, SofiBelgrade: EBG
RS

Letter of Intent signed in June 2018 during Digital Assemb
Sofia.

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

MoU to be signed on 228 Sept. 2018n Riga at the 5
Techritory event. Although focused or\@X, elements of thd
RigaTallinn 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 5@ whe 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 5G in one major city in every MS by 2020.

Specific cities in Europe announced their plans to become 5G Trials Cities, at the forefront of 5G trials

and pilots.At the end of 2017, seventeen Trial Cities had been announced: Amsterdam, Barcelona,

CFNRAET COSNIAYI 9alklz2>z [,MatdrajMilard, Qulu] Patsad Prtd, Steckh®imMlA RS &
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)
Ff2y3aARS gAGK StS@Sy OAGASEA Ay -MdnthdrysamoESackayzo dzND &
As at August 2018hree additional cities committed themselves to the target: Aveiro, Bristol and
Ghent. A norexhaustive list of 5G Trials Citieslude Amsterdam, Aveiro, Barcelorar| Berlin

Bristol, Espog Ghent, L'AquilaLondon Madrid, Malagg Matera, Milan, Oulu, Patras, Prato,
Stockholm Tallinn and Turin.

These trial 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. When compared 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 digisarvice 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, theity of BarcelonaA & RSGSNXAYSR (G2 GNI} yaoOSyR (KSE
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
5GBarceloa strategy towards facilitating the deployment 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 euvenally provide the 5G experience to the public 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 deiplgy disruptive
technologies enabling digitization, automation and robotization 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 creatgl@yment 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 adiye 5G technologies for citizens and
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 trarmsimation is performed in order to addressagiministration
issues related to the City of Patras while enhancing the quality of life of its citizens.

9 Qty of Bristol as one of the main UK 5G 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 interateEntertainment, urban
planning and public safety. The similar eventgids | @ S NB R-2 8 S 1] S afirig&ian
March 2018, are planned for near future. The promotional video from the event is also
available. Bristol alongside with Bath will be 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 awarded 5 MGBP in March 2018.

9 Telecom opeators 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, Sopkatipolis et Toulousedlongside with eleve®A G A S& Ay
suburbs (including Paris, Chétillon, LiMenthléry and Saclay).

We estimate thathere were305Genabledcitiesat the end of 20185G citiesdentified by Member
Statesin the COCOMurvey (questionnaire on action 1 of the 5G Action Plan for Eusopkidentified
in the 5G Observatory

Belgium: Ghent

EstoniaTallinn

Finland:Espog Oulu

France5 cities in 2019

Germany: Berlin

GreeceKalamata,Patras Trikala (9/2019), Zografoul@/2018)
HungaryBudapest, Zalaegerszeg

Italy: Bari)'Aquila,Matera, Milan, Prato, Turin

Netherlands: Amsterdam

PolandDf A6 A0S%X _s5RT X YNI1356% 2FNRII &I
Portugal:Aveiro

Spain: Barcelona, Madrit¥jalaga

SwedenUmea, KistaStockholm

United Kingdom: Bristol,ondon

=2 =4 =4 =4 =4 -4 -4 -4 -4 -4 -4 -4 -4 -
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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 through an EC
Implementing Decision (EU) 2016(687) of 28 April 2016, YNGSD Rrieiment ofthe 3.6 GHz
implementing decision will be adopted in January 200% European Commissias 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 end of 2020.

All Member Sates have recognised the need for significant harmodispectrum 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 Annex section.

2.7.1. Review of spectrum assignment progress

At least one auction complete or ongoing for one of the three pioneer bands as at early
December 2018

In twelve MSs at least one spectrum auctioasnpleteor ongoing as at early December 2018. The
Swedish auction for 700 MHz frequencies began on time on Decerfib2048. The firsstage ended
on December 10.

The following lisshows MS having assigned 3182&pectrum that can be usédline with 5G technical
conditions

Finland: 700 ME in November 2016. 8-3.8 GHZ390 MHz) September 26th 2018.

France: 700 MHz in 2015

Germany 700 MHz and 1500 MHz in 2015

Ireland: 3.63.8 GHz390 MH3, May 2017

Italy: 700 MHz 3.6-3.8 GHZ200 MHz) and 26 GHz (1000 MIH&3ptember/October 2018

Latvia: 3.43.7 GHzZ50 MH3, November 2017, 3.53.6 GHzrémaining50 MH32, September 2018
Spain: 3.43.6 GHz160 MH32, 2016 & 3.63.8 GHzZ00 MH3, July 2018

Sweden: 700 MH50 MH32, December %, 2018

UK: 3.43.6 GHz150 MH3, April 2018

=A =4 =4 4 -4 -4 -4 A A

The following cantries will assign 3.6 GHz spectrum that can in principle be used for 5G. Howaed#ipnal
assignment measures are expectedo®fully in line withbGtechnical conditions

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

The auction procedure in at least one spectrum band is scheduled for 2019 in eleven MSs:

1 Austria: 3.43.8 GHz,190 MHz in 3316 GHz and 200 MHz in B8 GHz, February 2019

WECC PT1 issued two CEPT reports (Report 67 on 3.6 GHz and Report 68 on 28@NIpdnR & Q harsi@nisafidn @kaisures in July
2018in response to a Commission mandate of 26 regulations will be based on théa® reports.
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Belgium, 700 MHz i93Q42019, 3.63.8 GHan Q3-Q42019, 400 MHz in 2019.5 GHz in 2019
Czech Rep., 700 MHz and 3.5 GHz in 2019

France, 3.6.8 GHzmid-2019

Germany2 GHz/3.73.8 GHz Spring 2019

Greece3.4-3.8 GHz, Q4 2019

Hungary, 700 MH2/5 GHz in Q3 2019

Ireland, 700 MHz in 2019

Netherlands, 700/1400/2100 MHz, late 2019

Lithuania, 3-3.8 GHz, 2019

Portugal, 700 MHz, Q4 2019

=A =4 =4 -4 -4 -4 -4 -4 - -4

Spectrum auctions scheduled as from 20 20

1 Spain, 700 MHz, Q1 2020

Malta, 700 MHz mig021

Lithuania, 700 MHz before 2022
Slovakia, 26 GHz after July 7, 2021
Poland, 700 MHz, 2020

UK, 3.63.8 GHz2020

=A =4 =4 =4 =4

Spectrum auctions postponed

1 Denmark, 2x30 MHz + 20 MHz in 700 MHz frequencies, 2x30 NBB2890 MHz frequencies, 100 MHz
in 230032400 MHz frequencies, initially scheduled in September 2018, postponed until further.notice

New public consultations have been released during Q4 2018

Process is ongoing four MSs Bulgarig Fance Lithuaniaand Romanig. EU MSsnayhave launched
public consultations on 5&pectrum or planned spectrum auctions without precise date.

Consultations in Germany, Greece, Luxembourg Malta, Poland, Slovakia, Slovenia and the UK are now
closed:

Germany: 3.43.8 GHz, 300 Mz

Greece: 3.83.8 GHz, Q4 2019

Luxembourg: 700 MHz, 1.5 GHz, public consultation
Malta: 700 MHzpublic consultation

Poland: 700 MHz, 3:8.8 GHz, public caultation
Slovenia: 70 MHz, public consultation

Slovakia: 26 GHz, public consultation

United Kingdom 51-71 GHz, public consultation

=A =4 =4 4 -4 -4 -4 -4

New consultations were releasaud the course of the last reporting perig®4 2018)

 France:

- Public consultation oraward procedures, procedures sequencing and on requirements (November
December 2018)
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- Public consudition on 1.5 GHz spectrum (k8gptember 2018)

1 Romania, public consultation entitled tke National Strategy for thdmplementation of 5G in
Romania» (November 28-December 21, 2018)

9 Lithuania, new public consultation on the use o0f-3.8 GHz frequeties (OctobeiNovember 2018)
1 Bulgaria: he Bulgarian regulator, the CRC, has issnddecember 201& consultation on its planned

spectrum policy activities for the next three years.
Spectrum bands for 5G have been earmarked
Spectrum bands have been eamked inthree MSs:

1 Netherlands
1 Portugal
1 Bulgaria

Reflection phase

The remaining MSs are still at the internal reflentphase:Croatia, Cypruand Estonia

2.7.2. Spectrum availability for 5G use

Availability of spectrum in low, mid and high bands is key for 5G. The availability will highly contribute
to the positionof EUMember States in the 5G race.

Mid-band spectrum is defined as the baseline capacity layer, in favour of flexibility for macpses
with higher throughputs, wider spectrum and potential refarming of LTE spectrum. T{&833Hz
band is the primary band in Europe with early availability.

Highband spectrum is known as the extreme capacity layer with large amount of spectremtipdy
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 to make spectrum for 5Caitable in allthe pioneer bands in
September 2018.
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Low-band (700 MHz) spectrum availability

700 MHz spectrum already assigned in Finland, France, Germany, Italy, Sweden.

Germany was the first European country to assign 700 MHz spectrum in June @@iEbe Tonlyfive

MSs have assigned 700 MHz spectrum: Germany, France, Finland, Italy and Sweden. The first stage of
frequencies assignment of the Swedish 700 MHz auction process ended on De@dtiBefhe

second stage on placemetadok placeon Decembed 1.

Table5: Availability of 700 MHzspectrum in Member Stategasat 15 Decembef018

Member State Frequencies Tentative/Expected assignm¢Comments

date

Date of completion

Austria 703733/758788 MHz 2019 Q2 2019 at thesarliest

Belgium 703733/758788 MHz  Q3-Q4 2019

Bulgaria 703-723/758778 MHz 2x20 MHz release for 5G

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

Cyprus n/a

Czech Rep. 703733/758788 MHz The bandwill be released on 30 June 2020

Denmark 703733/758788 MHz  2019? Initially ~ scheduled for September 201§
Postponed until further notice

Estonia 703733/758788 MHz  n/a

Finland 703-733/758788 MHz  November 2016 Start in 2017

France 703-733/758788MHz  December 2015 Start in 2019

Germany 703-733/758788 MHz  June 2015 Start in 2019/2020

Greece 703733/758788 MHz  End 2020

Hungary 703733/758788 MHz Q3 2019

Ireland 703733/758788 MHz 2019

ltaly 703733/758788 MHz  October 2018 Start in 2022

Latvia 703-733/758788 MHz  January 1, 2022

Lithuania 703733/758788 MHz 2022

Luxembourg 703-733/758788 MHz  H2 2019

Malta 703733/758788 MHz  June 2021

Netherlands 703-733/758788 MHz  n/a EC issued a decision on 8 November 201
initiate proceedings againghe Netherlands

Poland 703733/758788 MHz 2020

Portugal 703733/758788 MHz Q4 2019

Romania 703-733/758788 MHz  Q3-Q4 2019 abl dA2yIE {GNXGS3Ie ¥
AY w2 Y lbghidieené November 20th ar|
December 21st, 2018

Slovakia 703-733/758788 MHz  n/a The bandwill be releasedfter 30 June 2020

Slovenia 703733/758788 MHz  n/a

Spain 703733/758788 MHz Q1 2020

Sweden 703-733/758788 MHz ~ December 2018

UK 703733/758788 MHz 2020

Source: IDATE DigiWorld, based on NRA information
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Mid -band (3.4 -3.8 GHz) spectrum availability

3.4-3.8 GHz spectrum already assignediMember Sates: Finland, Italy,dtvia, Spain andUnited
Kingdom

3.4-3.8 GHz spectrurnas beenassignedt in April 2018 in the United Kingdorim, July 2018 in Spain
and (the upper half of theband)in September 2018 in ItalyParts of 3.43.8 GHz spectrum were
awarded in Latvia in November 2017 and September 2648and assigned the 3.6 GHz band in
September 2018

Outside Europe, the USAless advanced in th spectrum rangeThe FCC establishedtfaree-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 broadband. Earlier in 2018, the FCC identified spectrum
at 3.4 GHz as a gesnment band for a potential reallocation for mobile broadband.

1 Parts of this frequency band is used for 4G fixed wireless access

www.idate.org © IDATE DigiWorR019¢ p. 30



5G Observatory Quarterly Rport #2

Table6: Availability of 3.4-3.8 GHzpectrum in Member Stategasat 15 December 2013

Member State Frequencies Tentative/Expected assignment d Comments
Date of completion

Austria 34103800 MHz Felruary2019 Four months after approval of the May 20
tender document (period of approval n
limited by law)

Belgium 3400-3800MHz Q304 2019 700, 1400, 3600 MHz spectrum concerned
Renewal of existing licences ¢apire in Marct
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 2019

Denmark n/a n/a n/a

Estonia 3400-3800MHz n/a Auctionexpected in early 2019

Finland 34003800 MHz Sept. 26, 2018

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

Germany 3700-3800GHz Spring 2019 Full availability in 2022, early stage in 2019

Greece 34003800 MHz Q4 2019 n/a

Hungary 34003600 MHz June 2016

36003800 MHz Q32019

Ireland 34003800 MHz May 2017 Start in Janary2019

Italy 36003800 MHz September 2018 n/a

Latvia 34003800 MHz November 2017

34003800 MHz October2018 Remaning 50 MHz
Lithuania 34003800 MHz 2019 Public consultation in Q2 2018. New pu
38004200MHz consultation in Q3 2018

Luxembourg 3600 MHz H2 2019 Public consultation in Q3 2018

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

Netherlands n/a 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 3400-3800MHz 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 For 4G
36003800 MHz July 2018 For 5G
Sweden 34003800 MHz 2019?
UK 34003600 MHz April 2018
36003800 MHz 2020

Source: IDATE DigiWorld, based on NRA information
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High-band (24.25 -27.5 GHz) spectrum availability

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: Availability of 26 GHzpectrum in Member Stategasat 15 December 2013

Member State Frequencies Tentative/Expected Comments

assignment date
Date of completion

Austria n/a n/a

Belgium n/a not before 2021

Bulgaria n/a n/a

Croatia n/a n/a

Cyprus n/a n/a

Czech Rep. n/a n/a

Denmark n/a n/a

Estonia n/a n/a

Finland 26.527.5 GHz n/a

France 26.527.5 GHz 2019 Public consultation in Q2 2018

Germany 26.527.5 GHz 2019 General authorisations

Greece n/a n/a

Hungary 24.2527.5 GHz Q32019

Ireland n/a n/a

Italy 26.527.5 GHz September 2018

Latvia n/a n/a

Lithuania n/a n/a

Luxembourg n/a n/a

Malta n/a n/a

Netherlands n/a n/a

Poland 26.527.5 GHz n/a Band reorganisation envisioned

Portugal n/a n/a

Romania 26.527.5 GHz 2020

Slovakia 26.527.5 GHz Will be assigned after July 7, 202

Slovenia 26 GHz January 2018 Two blocks (56 and 112 MHz) awarded in
not available for 5G

Spain n/a 2020 Potential rearrangement..4 GHz of spectru
could be assigned

Sweden 26.527.5 GHz 2020 Auction processonsidered

UK 26.527.5 GHz 2020 Call for inputs in July 2017

Source: IDATE DigiWorld, based on NRA information

2.8. Product/market developments

2.8.1. Chipsets

As of end oDecember2018 several5G basebands have already been announced and should be
integrated inproducts to be released as soon as in 26d%he earliest device manufacturers
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Qualcomm, with its X50 modem was the first to announcéitgtive, back in the end of 2016 and is
today probably the most advanced player in terms of product availgbititobably followed by
Samsung, who announced its 5G baseband in August 2018 but with a much more integrated offering.
As compared to Qualcomm, Samsung is indeed proposing, what it considers as the first integrated
multimode 2G/3G/4G/5G baseband. The Qoahm X50 module must be used together with a
2G/3G/4G baseband for Non Standalone Operation.

As can be seen ifable8 below, besidesQualcomm and Samsupalsolntel, Huawei, through HiSilicon

and Mediatek have also annourtte¢heir 5G initiatives in terms of basebanét the Mobile World

Congress in February 2018, Huawei had announced, through its subsidi@ijceti, its own 5G

baseband called Balong 5G0Ighapset that Huawei claimed to be the first 5G commercial chipset, a

Of FAY GKFG A& GNUz2S AT 6S O2yaARSNIAG A& STFSOGAL
level of maturity of the product. While both Qualcomm and Samsung clEgsgpat a throughput

up to more than 5 Gbps in the mmaves, Huawei Balong 5G01 currently supp@tmaximum

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 alwion still based on FPGAs, highlighting the integration steps still
required for readily available and 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
Vendor Product name Announcement Availability Bands Throughputs
Qualcomm X50 (basebandFirst announce End of 2018 Sub 6 GHz and 28 G+Up to 5 Gbps
in 2016
Intel XMM 8160 November2018 2nd half oiSub 6 GHz and mu 6 Gbps
2019 waves

Samsung Exynos 5100 August 2018 End of 2018 Sub 6 GHz and nwup to 2 Gbps i

waves sub 6 GHz and
Gbps in mm
waves
Hi-Silicon Balong 5G01 February 2018 End of 2018 Sub 6 GHz and mtUpto 2.3 Gbps
waves
Mediatek Helio M70 June 2018 20192020 Sub 6 GHz and miUpto 5 Gbps
waves

Source: IDATE DigiWorldecember2018

On paper, those chipset seem fairly similar, wéthpport for 5G NR radio interface, both in Non
Standalone (NSA) and Standaloag,to 8 channel aggregation, 256 QAM modulation in the downlink
and support for both sub 6 GHz frequency bands andwawes Because more bandwidth is available

in the mmwaves than irthe sub 6 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 X%0ghlights how Qualcomm seems to be ahead in the racenalding

5G mobile devices.
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A specific challenge with 5G for chipset manufacturers is the support cfvawes becausef the
possibility for the hand, body, or any obstacle to easily blockwawe signal. In order to circumvent
this issue, Qualcomm has ddéeped 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 blocked by something, another one can continue to receive dtsigugh

a different path.

Figure8: Layout of QTM052 mnwave antenna module in a smartphone form factor

r |

mmWave
antenna

2o
Oc
==
ES
Eo

antenna

15 are products of Q Technologies, Inc. and/or its

Source: Qualcomm

The first smartphone to integrate this complete solution from Qualcomm (5G baseband-wawen

Radio FronEnd) will be the Motorola Z3 announced in August 2018. 5G connectivity, however, will
2yte 0SS F@GLFLAfLFo6tS a +y FRRAGAZ2YIFET aY2Ré (2 0SS
fact that a separate module is required shows thégration within mobile device is not yet over but

still, that readiness of commercial 5G mobile devices will come closer than initially expected.

Noteworthy, the integrated strategy of players such as Samsung and Hué&wei develop their
modem (and other chipsets) internally. This strategy has started a few years ago andaisgioring

to bear its fruits with at least according to the promisesuly capable products. Essentially, this
strategy enableashorter TimeTo-Market, but it is also aimed at reducing the dependence on players
such as Qualcomm and eventually at tailoriv&gter chipsets to the device manufacturing nexednd
possibly providing more differentiation.

2.8.2. Devices

The release of 5G baseband and REesys is the first step before commercial devices. Usually, when

a new radio technology is released, basebands are developed and implemented in relatively simple
devices such as mobile WiFi hotspots, before more complex devices such as smartphones, where
integration is always more challenging. Before fully commercial devaebe madavailable several

steps are required.
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Figure9: The steps a device takes to market
Device
Chipset Device Chipset mass compliance Device mass
sampling design production and certifi production
cation

Source: IDATE DigiWorld, September 2018

This time, with 5GIFixed Wireless Access is one of the first usescaather than mobile usage and
first commercial devices announced have been 5G home routers, such as the one annbunced
Huaweiat MWC 2018 in Barcelonar the one bySamsung more recently. Those eargvides have
been more specifically designed for carrier partners Verizon in the US and in Southadfaoréave
already received their approval by the FCC.

Figurel0: Huawei and Samsung 5G home routdes 5G Fixed Wireless Access
— Indoor CPE Outdoor CPE

Source: Huawei and Samsung

Those first devices are available in indoor and outdoor versions. It is questionable whether they can
be considered as true commercial devices becaiset beingopenly availableandasthe networks
they have been designegdr have not yet been launched. However, their development seenbe
over, which isa good indication thathe building ofan endto-end5Gdevice ecosystem is starting.

Figurell: Qualcommdevelopmentplatform used for demonstating OTA call handoveat 37 GHz

Source: Qualcomm

In terms of mobile device, one mobile hotspot from Huawei has been spotted at MWC 2018 but this
may very well only be dummy device to illustrate future devices in preparaffebiggestchallenge
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at this stage is to make the difference between prototypes and fully ready devices. As mentioned,
earlier, Huawei and Samsung have been able to present devices earlier because of the shorter Time
ToMarket than the development of their own 5G baseband hasladed.

Figurel2: Motorola Z3 functioning with a 5G mod

SourceMotorola

In August 2018, Motorola presented what they call a 5G upgradable device, the Motorola Z3. Like other
Motorola device, this smartphone suppostadd-ons deweloped by Motorola as an extension of the
device. With the 5G mod, Motorola Z3 users will be able to support Verizon 5G mobile nétatoigk

to be launchedn the beginning of 2019. While pictures have been provided to the press and devices
displayed, nmnehasbeen 6 f S (12 (S&al0 GKA& dY2REéD

It is thus clear that this announcement is more a marketing move from Motorola and Verizon than a
real breakthrough. By the time this madll be launched in early 2019, it is not impossible that other
smartphones fom other vendors with more integrated 5G connectivity will have been announced. LG
notably has also announced that it would bring the first 5G smartphone in the US.

Figurel3: LG will work with sprint to launch its 1st 5G smartphe in the US

Source: Sprint

In the table below, we list the 5G devices that have been announced or presented so far. While it may
seem limited at this stage, it should grow up rapidly, as commercial network are officially launched.
Qualcomm has already announced that 20 OEMs so éae working on implementing Snapdragon

X50 in their devicaVith 5G network official launch in South Korea in March 29$gartphones from

other vendors, notably Samsung and LG are likely to be announced.

2The three Korean MNOs announced in December 2018 the launch of 5G services for enterprises
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