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

On 14 September 2016, the Commission launadhedbG Action Plato boost EU efforts for the
deployment of 5G infrastructures and services across the Digital Single Market by 2020. The action
plan set out a clear roadap for public and private investment on 5G infrastructure in the EU.

The European 5G Observatgmpvidesupdates on all market developmerits EUJ28, including
actions undertaken by the private and public sectors, in the field oft®Bsopresents aranalysis 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
GSNIAOFE LI I &@SNER 2y @I NR 2 dzies.lnNde toiidag nmogths ZhyRMEINI (G 2 ¢
LINBLI NS (GKS RSLX 2@YSyd LKIFIaAS FyR gAft 6S lofS (2
smartphones are expected to be available early next year.

At mid-September 2018, it is clear that European operatmesheavily involved in 5G testing with
114 trials reported in E28 countries. In June 2018, Elisa announced availability of a commercial 5G
networkA Y ¢ YLISNBEZ CAYflFYR FYyR 9aid2yAlQa OFLAGET OA

We expect that European mobile operators widlbn announce their detailed plans regarding 5G
network deployment and commercial laundh.2019, we will see 5G deployments with tens of base
stations in many cities across Eurofantracts with network suppliefer 5G equipmenshould be
signed in 202 in order to allow full commercial service in 2020.

Ly 2GKSNJ NB3IA2ya 2F GKS 62NIRZ pD A& I OSNR K2
service in May 2018. Nevertheless, it should be noted that availability of mobile 5G devices is
expectedfor the end of this year and that only prototypes are available today. Verizon will launch its

fixed wireless access service early October in four cities in the USA and the three South Korean
operators agreed to launch 5G services on the same day in N&dh China and Japan are already

very active in the 5G field and will commercially launch 5G in-2029.

Key trends related to the 5G Action Plan measures covering 5G roadmaps, spectrum, early
deployment andban-European multstakeholder trialare presented inTablel:

Tablel: Key trendsrelated to 5G Action Plan measures

5G AP measures Key trends

Announcementsby operators, service 5G commercial launches: Elisa (Finland and EstamiJune 2018, Ooredo
providers or users (Qatar) in May 2018.

No mobile operator clear indication of 5G investments.

5G planned launches: Verizon (USA) in October 2018, South Korea in
2019

Promote early deployment in major urban 114 trials announced in E2B
areas and along major transport pats 28 trials in Russia, Turkey, Switzerland and Norway.

www.idate.org © IDATE DigiwWoraD18¢ p. 6
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5G AP measures Key trends

In 2017and 2018 10digital crossborder corridors were announced and
established live tests of 5G.largescale projects have been selected on
these corridors (5G @aen, 5G CroCo, 5G Mobix).

Promote panEuropean multi-stakeholder Large trials are part of H2020 phase 3 projects. Three projects (5G EV

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

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

Source: IDATE DigiWod&eptember 2018

1.2. Framework conditions and public measures in the context against
5G AP

Public authoities 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 the firgt2tdlBpsets
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 spectrum indivad 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 atnliocking bottenecks including identification of spectrum for the initial
launch of 5G (the pioneer bands identified by RSPl second target was the identificationeofull

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-September 2018, the most tested frequertzand in Europe is by far the 3d@Hzband The
26 GHz band has not attracted attention up to now probably dudéoprospects of lateavailability
of devices for tis frequency band.

www.idate.org © IDATE DigiWorkD18¢ p. 7
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Table2: Assessment of 5G AP analysis criteria

5G AP analysis criteria Assessment

Roadmaps and priorities for a Eight MSs published specific national 5G roadmaps (Austria, Franceaiye
coordinated 5G deployment Luxembourg, Spain, Sweden, The Netherlands, and the UK).
Twelve EU MSs have published national 5G roadmaps or global strategy
documents: Austria, Denmark, France, Germany, Italy, Luxembourg, Mall
Poland, Spain, Sweden, The Netherlands and the UK.

Nine EU MSs have launched public consultations on 5G spectrum.

Make provisional spectrum bands Member States are required to authorise the 700 MHz band by 2020, unl
available for 5G ahead of WR9 there are justified reasons for delaying it until ”#622 at the latest. The
authorisation process has already been completed in three Member Staty
I The 3.43.8 GHz band is already available for 5G in 2 cour
(spectrum fullyassignedn Slovakia and Spain).
I The 26 GHz band is not available yet.
In ten Member States at least one spectrum auction is complete (as at Se
11th, 2018).
Four MSs scheduled 5G spectrum auctions for Q4 2018:
Austria: 3.43.8 GHz, October 2018
Finland: 3.63.8 GHz, September 26th 2018
Italy: 3.63.8 GHz and 26 GHz, September 2018
Sweden: 700 MHz, 60 MHz, Decembiey 2018 (3.43.8 GHz in
2019)

In seven MSs at least one spectrum auction is scheduled for 2019.

= —a —a —a

Spectrum: usage of 5G pioneer bands Usage: no commercial usage of 5G speutyet
and/or of other bands identified by the
RSPG

Service verticals: feasibility of vertical Media & Entertainment: 28 trials
use cases based on deals inked with key aAytomotive: 12 trials

VEIHEE] LR hiKSNJ OSNIAOIEAY LYRdZAGNE nonz ! |

Top 10 Eumopean countries where trials EU & norREU: Spain, France, Italy, Germany, Russia, UK, Finland, Turkey
are organised Romania, Switzerland

EU MSs only: Spain, France, Italy, Germany, UK, Finland, Romania, Belg
Estonia, Latvia

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

11T 1TA8Q 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/edge computing, media and entertainment vertical is the most important one among the

broacjcas_t/sgreaming, Heterageneous reported trials.
. AOx1 OEOS8
Source: IDATE DigiWodd&eptember 2018

www.idate.org © IDATE DigiworaD18¢ p. 8
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2.1. Latest developments at EU level
5G is progressing well in Europe. The process has significantly accelerated sireomdly2@t 7.

Ambitious goals were set at European level since 2016.S 9 dzNR LISy / 2YYA &daiAz2yQa

Sept. 2016 confirmed by the EU Cobiric Q& AY 5SOSYoSNJ wamt GF NBSGA
one major city in every Member State by 2020 and the coverage of the main urban areas and
transport routes by 2025

The Europeatnion regulatory framewaork for electronic communications has ndgebeen
reviewedand the new version will come into force at the end of 2018 lethber States will have
two years to transpos# into national law.This will give a strong push to 5G and Highadband
networks as a whole.

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

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

- providing opeators withinvestment 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 operatorauginincreased recourse tehared
use of radio spectrunand general authorisation where possible, as welkasier spectrum trading and
leasing

- facilitating the deployment of 5G networks by introducing a light authorisation regime for -anesl
wirelessaccess points;

- facilitatingthe roll-out of new, very high capacityfixed networksby making rules for covestment more
predictable and promoting risk sharing in the deployment of very high capacity networks;

- promoting sustainable competition for the hefit 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 operators.

- ensuring closeooperation between the Commission and the Body ofopaan Regulators for Electronic
Communications (BERE®xludingin supervising measures related to the new access provisianso
investment and symmetric regulation.

AllMember Statesare requiredto adopt5G roadmapsegarding the licensing of the @MHz band.
Seven MSs assigned or are about (before yar 2018) to assign 5G spectrum (mainly-38 GHz
frequencies).

2.2. Progress of national strategies and plans

Globally, most EU MSs started to examine 5G strategic issues through public consulfétions o
followed by 5G strategy documents in 2016 or 2017. The 5G strategy generally results from a global
broadband strategy defined earlier in 2015 or 2016 and lasting up to 2020.

The 5G strategy has a number of facets as the 5G roadmap sets concrets,tdgjites priority
area and milestones. A spectrum section provides more or less details on 5G potential auctions to be

www.idate.org © IDATE DigiworaD18¢ p. 9
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held by bands and trial licenses are often considered. Funding methods are presented and discussed
and measures to stimulate and mobéikey players from the telecom industry and vertical industries
are also considered.

The review of progress made towards 5G market introduction shows various skaglesMSs

published precise national 5G roadmaps (Austria, France, Germany, LuxemipaimgS®eden, The
Netherlands, and the UK) wheretagelve EU MSs have published national 5G roadmaps or global
strategy documents: Austria, Denmark, France, Germany, Italy, Luxembourg, Malta, Poland, Spain,
Sweden, The Netherlands and the UK.

Nine EU MSsave launched public consultations on 5G spectrum. In other MSs the reflection has just
started; countries did not publish a 5G roadmap or begin a public consultation, but awarded trial
licenses or organised round tables: Croatia, Finland, Slovenia. ThamegMSs are still at the

internal reflecting phase: Bulgaria, Czech Rep., Estonia, Greece, Hungary, Ireland, Latvia and
Lithuania.

5G strategies and plans by MSs are detaileghimexof this report.

2.3. 5G scoreboard

The 5G scoreboard summarizes the status of 5G trials, spectrum plans, coverage, roadmaps and
national plans in EA28.

Table3: 5G scoreboard, EU28
5G trials 5G coverage, roadmaps and national plans
= More than 110 pre-commercial 5G trials and pilots launched
in Europe as part of the industry's 5G trial roadmap Eight Member States have published national 5G roadmaps

= 20 Trial Cities appointed: Amsterdam, Aveiro, Barcelona, (Austria, France, Germany, Luxembourg, Netherlands, Spain,
Bari, Berlin, Bristol, Espoo, Ghent, L'Aquila, London, Madrid, Sweden, and the UK) and several others are in the process:

Malaga, Matera, Milan, Oulu, Patras, Prato, Stockholm, . National calendars for key milestones set by the government

Tallinn and Turin = Measures to stimulate investments in 5G infrastructures such

= 10 "digital cross-border corridors” established inter alia  as: reducing the cost of deploying small cells; wide-ranging
accommodating live tests of 5G for Cooperative Connected support to 5G trials

and Automated Mobility = Promoting partnerships between the telecom sector and

vertical industries
5G spectrum plans = Foster public services as a lead user for early 5G deployment

= 5G pioneer bands identified in Europe (700 MHz, 3.6 GHz
and 26 GHz)

= Common roadmap for the availability of spectrum adopted by
Member States

= Consultations on spectrum assignments launched by

Member States (Denmark-700 MHz & 900 MHz & 2300 MHz,

Germany-2 & 3.6 GHz, France-3.5 GHz & 26 GHz, Lithuania-

3.5 GHz, Luxembourg-700 MHz & 26 GHz, Malta-700 MHz,

Poland-700 MHz & 3.5 GHz & 26 GHz, Portugal-700 MHz,

Romania-700 MHz, Slovakia-26 GHz, Slovenia, Sweden-26 More information is available on the European 5G Observatory

GHz, UK-26 GHz) (http-//5gobservatory.eu/), which has been set up by the
Commission to provide qualitative and quantitative information

= 3.5 GHz spectrum already assigned in 7 MSs (Czech Rep., )
Hungary, Ireland, Latvia, Slovakia, Spain, UK). 3.5 GHz on.

auctions scheduled for Q4 2018 in 4 MSs (Austria, Finland, " /\¢fualand expected market developments ,
Italy, Sweden) = |nitiatives and preparatory actions taken by private and public

actors in the area of 5G
= 700 MHz spectrum already assigned in Finland, France,

Germany and Sweden

Source: IDATE DigiWorld

The internatonal version of the scoreboard detaifgls and timelines for 5G commercial launches
and spectrum plans out of E28.

www.idate.org © IDATE DigiWorR018¢ p. 10



Table4: Scoreboard; International markets
5G trials and timelines

USA:

+ Verizon 5G Home launches on Oct. 15t 2018

+ AT&T 5G expected late 2018/early 2019

+ Sprint and T-Mobile H1 2019

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:

+ March 2019

Brazil:

+ After 2020

Saudi Arabia:

+ licenses issued in May 2018, H2 2019

Qatar:

* QOcredoo’s 5G network launched in May 2018
UAE:

+ Limited 5G service H2 2018

India:

+ 20227

Source IDATE DigiWorld

5G Observatory Quarterly Rport #1

5G spectrum plans
USA:

+ Spectrum plans disclosed in 2016: November'18 auctions for
the 28 and 24 GHz bands, Options considered for 3.7-4.2
GHz

+ Commercial launch planned by Verizon: 28 & 39 GHz, T-
Mobile in the 600 MHz band, AT&T: 39 GHz

China:

+ Launch: 3.3-36 GHz and 4.8-5 GHz
Japan:

+ NTT DoCoMo 28 GHz & 4.5 GHz, KDDI 4.5 GHz
South Korea:

+ 3437 GHz & 28 GHz

Saudi Arabia:

+ 700 MHz & 3.6-3.8 GHz

Brazil:

+ 15 GHz & ?, After 2020

India:

+ Initial discussions on spectrum

2.4. Announcements of first commercial launch es

5G is heating up in the world. 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 Juhe2P18 betwen the Estonian
minister of Economy and her Finnish colleague in Finlaests performed showed data speeds of
2.2 Gbps. That said, the first 5G licences would be made available in t8&63Hz frequencies in
Autumn 2018.

2.4.2. Ooredoo (Qatar)

Ooredoo in Qar claimed in May 201® be the first world player to launch 5G nationaMith 50

sites registered late in July 2018 and 50 additional base stations to be added in August 2018 (see
herethe 5G &unch event)Ooredoo seems to be providifigs wTTHwireless To The Homsegrvices

on 3.5 GHz spectrum domestically with the very few compatible devices available (25 devices
according to Gulf times). Ooredoo showcased its dedoasidering 5G mobile diees are not ready
yet, it states it is waiting for manufacturers to produce 5G capable de(doee 2019)

2.4.3. USA

In the USA, Verizon 5G Home service is about to be launched (Octpl2€x18). The other mobile
operators will launch their 5G servicedlire coming months.

www.idate.org © IDATE DigiWorkD18¢ p. 11
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Verizon

Since 2017, Verizon has been testing mmWave 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 clthe 2018 Super Bowl and a NR data lab transmission with

Nokia and Qualcomm in February 2018. In June 2018, Verizon testaslayvdata transmission and
multi-carrier aggregation and very high speeds outdoors. In August 2018, Verizon succeeded in
transmiting a 5G signal to a moving vehicle. In September 2018, Verizon successfully transmitted a
5G signal on a commercial 5G NR network in Washington DC and Minneapolis on prototype devices.

Verizon started marketingG Home servicen September 1%, 2018 with online orders. The service

is expected to go live on Octobe¥, 2018 in Houston, Indianapolis, Los Angeles and Sacramento. The
service will be charged at 50 USD/month to Verizon customeraait USD/month for new

customers. First 5G home subscribers will have three months\ivéé.Verizon 5G home services
customers get You Tube TV for free for the first three months, a free App#&KYV or a Google
Chromecast UltraCustomers can expe800 Mbps and depending on location, up to 1 Gbps without
any data cap. In addition, Verizon 5G Home customers will have the opportunity of purchasing a 5G
mobile device as soon as available.

FWA is the major use case for 5G at VeriZdm companyplansto have an initial fixed wireless
broadband commercial launch by the end of 2018 in 3 to 5 American dit@sile 5G could follow
FWA 5G introduction within a half year. Verizon is expected to use CPE (Customer Premises
Equipment) units and home routefsom Samsung and the Motorola Mod.Z

AT&T

Since early 2017, AT&T has been performing fixed wireless & mobile 5GIti@lsompany works
with partners such as Egson, Samsung, Nokia, and Intel. After Austin, TX, AT&T expended trials to
Waco, TXKalanazoo, Mland South Bend, IN.

AT&T plans to launch 5G servited 5 cities or population centetsy the end of 2018ncluding
Dallas TX, Atlanta GA, Waco, axd Charlotte, NC, Raleigh, NC and OklahomaAJi&T remains

A 2 4 A x

reserved about 5G FWA. AT&Big LISOGSR (2 ft I dzyOK pD 6AGK | Y20Af
launch of the AT&T 5G service in early 2019, theoutliwill be extended to additional cities
including Las Vegas, NV, Los Angeles, Nashville, TN, Orlando FL, San Diego, CA andASan Jose, C

Sprint
Sprinttargets the first half 2019 for the launch of B& service to several citiexcludingNew York
City, Phoenix, Kansas City, Atlanta, Chicago, Houston, Dallas, Los Angeles, and Washington, DC.

T-Mobile USA

T-Mobile USA recently signed tv2.5bn contracts with Ericsson and Nokia for the provision of 5G
infrastructures.

The mobile operator is targeting early 2019 for its commercial launch.
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2.4.4. South Korea

In a Press Release dated July 2018, the Mifiisfry of Science and Ifdnnounced thathe three
South Korean MNOs agreed on a jointly 5G launch in March 2019. Let us bear in mind that the MNOs
agreed to share 5G deployment and network earlier in April 2018.

The intention aims at avoiding a very costly launch campaign when 4G came tolvaekityn 2011
and generating heavy cost savings of nearly 1 trillion KRW over the next ten years.

This announcement also follows 5G spectrum auctions of 3.5 and 28 GHz spectrum in June 2018.

2.4.5. Japan

Historically, Japan has been at the forefront of mobiléntedlogy. Japan targets the Tokyo summer
Olympic games to launch 5G.

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, CEOaE&Ma Breijing

[Fo&d aLISF{Ay3 G GKS a2/ Qmy Ay {KIFIYy3aAKIADd {KS | yy
sometimes in Summer 2028ssignmenbdf 5G spectrum in Japan is expected by-&fatch 2019.

NTT DoCoMo carried out a number of 5G trials with the Chineador Huawei. For example, the

two companies cooperated with Tobu Railway to trial a 5G system at Tokyo Skytree Town using 28
GHz spectrum in March 2018. Earlier in November 2016, they carried out sstaigefield trial using
200 MHz of spectrum irhe 4.5 GHz band in Yokohama, Japan. This trial aimed at testing Ultra
Reliable and Low Latency Communications resulted in network speeds up to 11.29 Ghps total and
less than halb-millisecond latency. NTT DoCoMo and Huawei also completed 5G integragess acc
backhaul trials using the 39 GHz frequencies.

With Nokia, NTT DoCoMo tested 5G on the 90 GHz band.

More recently, in May 2018TT DOCOMO achieved a 5G field trial at 28GHz, involving a 5G base
station and a ar travelling at around 293km/h.

Softbank

SoftBankhas been performing a lot of 5G trials with Huawei or Ericsson since 2017, notably using
4.5GHz frequencies.

Commercial launch of 5G service is expected in 2020.

2.4.6. China

5G deployment irChina $ strongly backed by the government. 5G ranks amongsthegegic priority

for the whole country (18 5-year plan 2012020 and Made In China 2025 Initiative launched in

HAMOUOU® Ly WIydzZad NE wanmtTXE GKS alLlL¢ LlzmfAaKSR I NBL
Communication Industry (2038020) in whib it sets the objective of becoming one of the Global

leaders of 5G.
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The Made In China 2025 initiative 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 imglZitE and
Huawei ZTE and Huawegceived 72 million USD fofzb

In October 2017 e Chinese government kicked off tBed phase of 5G technology research and
development tests. This phase aims to get-poenmercial products ready for when the first s&m

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 2018

China Mobile appears to be the fastest player in China towards 5G. However, competitors do not
seem so far from each other in terms of 5G deployment and expected launchopmmercial
service should be there in 2019 with true commercial service 0202

2.5. 5G pre-commercial trials

2.5.1. Analysis of the 142 trials registered so far

5G trials are presented in the European 5G Observatory as shown in the figure below:

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

Source: IDATE DigiWorld, September 2018

As many as 142 trials have been listed so far. A little less than a half of the 142 trials are technical
tests (67 trials).

Media and automotive are the verticals majorly driving trials

The most trialled verticals amaedia and entertainment (28 trials) followed by automotive (12 trials).

The 142 trials were organised in 28 countries (the 23 of the 28 MSs of the European Union and
Russia, San Marino, Norway, Turkey and Switzerland). No trials have been registered t#wefa
following MSs: Czech Republic, Cyprus, Luxembourg, Slovakia and Slovenia.
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Figurel: Verticalsin 5Gtrials
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Source: IDATE DigiWorld, September 2018

The most numerous trials performed in Spain, France and Italy

Trials argahe most numerous in Spain, France and Italy. These top three countries are totalling 1/3 of
trials. Germany ranks™in terms of number of trials performed. Germany is followed by Russia and
the UK which are tied.

Figure2: 5G tiials by country
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Source: IDATE DigiWorld, September 2018
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The 3.4-3.8 GHz is the most tested frequency band

When known (frequency bands tested are available only in selected trials, representing 36% of all
trials listed), the most tested frequency bandisfar the 3.43.8 GHz (33 trials tested the 3348

GHz frequencies out of 52 trials mentioning which band was considered). The 26 GHz band has not
been tested yet in Europe, probably due to the unavailability of devices for this frequency band.

Figure3: Frequency bands tested

~,

m<1GHz® 3.4 -3.8 GH:®= 4.5 GHz= 15 GHz® 28 GHz= 70 - 80 GHzm Unknown

Source: IDATE DigiWorld, September 2018

More than half of the trials are completed

Three levels of maturity have been defined:
(1) Announced / Planned
(2) In Progress
(3) Completed

More than half of the trials are copleted to date. Less than 1/3 of trials have been announced or
planned.

Figure4: Level of maturity of tests

® (1) "Announced / Planned"
5 (2) "In Progress"

" (3) "Completed"

Source: IDATE DigiWorld, September 2018
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2.5.2. Trial cities

¢KS 9dzNRPLISIY [/ 2YYA&aaArzyQa | OlGbyzh¢g EUdbunglin2 T { SLIGESYO
December 2017 targets the commercial rollout of 5G in one major city in every MS by 2020.

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

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

CFNRT O SNIAYSIT 94L1R2T [QlljdAflI T [2YR2yX al RNARI a
Tallinn and Turin.

Three additional cities committed themselves to the target: Aveiro, Bristbl@hent. In France, nine
major regional cities were selected for 5G trials (BelBardeaux, Douai, Grenoble, Lannion,

Lille, Lyon, Marseille, Nantes, Sophia-Antipolis et Toulouse) alongside with eleven cities in

t I NAAaQA &dzo dzND & log, Aiga@ordbiédy yind SaclayNAh 8 = / KNG A €

2.5.3. Digital cross -border corridors

Within the European 5G vertical strategy, Connected and Automated Driving (CAD) is considered as a
flagship use case for 5G deployment along European transport paths, in view of creatirlgteomp
ecosystems around vehicles, beyond the safety services targeted by the Coopératiligent

Transport System (CITS) roadmap of Europe.

This has led to a higlevel agreement between the EC and MSs at ministerial level, where MSs agree
to make avadble pan European corridors to test 5G technology for vehicular applications.

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

Metz-MerzigLuxembourg (France, Germany, Luxembourg)
RotterdamAntwerp-EindhovenNetherlands, 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

These corridors have baeexpanded 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 ThessafuofieiBelgrade,
w on the Brenner pass motorway towards Itétilge Brenner motorway connects Innsbruck in

Austria to Modena in northern Italy).

www.idate.org © IDATE DigiWorkD18¢ p. 17



5G Observatorg Quarterly Rport #1

Table6: 5G CAMcrossborder corridors
Corridors Political Commitment

Metz-MerzigLuxembourg: FRELU | Lol between FR and DE in Sept. 2016. Liégoin Sept. 2017
Industry consultation in March 2018. Agreement for testd
signed.

RotterdamAntwerpenEindhoven: No Lol signed yet

NL-BE

Porto-Vigo, EvoraMerida: | Lol signed on Digital Day 2018, 10 April 2018

PTES

E8 "Aurora Bazalis": NGFI 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 tig¥enner pass motorwa
However, no Lol signed yet.

Thessaloniki, SofiBelgrade: EBG | Letter of Intent signed in June 2018 during Digital Assemb
RS Sofia.

EELVALT Via Baltica (E67) Tallinn (I MoU to be signed on 228 Sept. 2018 in Riga at the f
¢ Riga (LV) ¢ Kaunas (LT)c | Techritory event. Although focused orM2X, elements of thé
Lithuanian/Polish border RigaTallinn segment are ITS (Smart E67 project).

LTFPL Via Baltica Kaunsigarsaw Lol Signed on 5 Sept. 2018. Goal is to cooperate in(MZ§, 4G
LTE, LTE Advanced and 5G with the view to promote CAD.

SourceEuropean Commission

2.6. 5G cities

¢CKS 9dzNRLISIY [/ 2YYA&aaAirzyQa OGA2y LXIFy 2F {SLIWiSYo

December 2017 targets the commercial rollout of 5G in one n@jprin every MS by 2020.

Soecific 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,

' NR = . SNI ANayLonddnaMadaridl, Malag&® Matedal Milan, Oulu, Patras, Prato, Stockholm,
Tallinn and Turin.

As at August 2018htee additional cities committed themselves to the target: Aveiro, Bristol and
Ghent.Anon-exhaustive list of 5G Trials Cities include Antktar, Aveiro, Barcelon&ari Berlin
Bristol,Espog Ghent, L'Aquila,ondon Madrid,Malagg Matera, Milan, Oulu, Patras, Prato,
Stockholm Tallinn and Turin. These trial cities aim to provide support for variety of technology and
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service demonstrations carried out during the 5G trialling phase, and provide valuable vertical use
cases especially for Smart City concept tidedd the trials in real user environments/hen

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 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, theity of BarcelonaA & RSGSNXYAYSR G2 GNIyaOSyR GKS aay
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 launche8GiBarcelona strategy towards
facilitating the deployment of trials and pilots across the atyd 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.

f ThecityofBerlinl A Ya G2 &0ALJz I 6§S NBaASFNOK FyR RS@St2LIVSy
main strategic interest is to enable an innovatistipulating environment and technology
infrastructure, whit can eventually provide the 5G experience to thblic on the streets of Berlin.

1 TheCity ofOuluis challenged to modernize the city governance and processes in the framework of
constrained public expenditure and demafuut deploying 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 compariesate
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 10T based experiments is the firgtpsto adopt the 5G technologies for citizens and
city administration. City also targets people mobility related service trials and offers e.g-ligiffidata
as open data for servid@e S@St 2 LIYSy G X

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

1 City ofBristolas 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 to show the potential of
5G in shaping the future of socimteraction, entertainment, urban planning and public safety. The
similar events ag [ I @ SNE R-2 8 S| € afrkrig&ian March 201&re planned for near future.

The promotional video from the event itsa availableBristol 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.

1 Telecom operators have announced additional trial cities. For instamégance, nine major regional
cities were selected for 5G trials (BelfoBordeaux, Douai, Grenoble, Lannion, Lille, Lyon,
Marseille, Nantes, Sophia-Antipolis et Toulouse) alongside wii K St S@Sy OAGASa Ay t
(including Paris, Chatillon, Link®nthléry and Saclay).

2.7. Spectrum assignment by public authorities

5G pioneer bands identified at EU level are the 700 MHz, the 3.6 GF&&3>Hz) and the 26 GHz
(24.2527.5 GHz) fregencies. Whereas the 700 MHz band has been harmonised through an EC
Implementing Decision (EU) 2016(687) of 28 April 2016, the European Commission issued a Mandate
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to CEPT in 2016 to harmonise technical conditions for the developmentwidelequipment irthe
3.6 and 26 GHz bands. EC harmonisation decisions are expected for the beginning.of 2019

MSs have adopted a common roadmap for the availability of spectrum: all pioneer bands have to be
assigned in all MSs by end of 2020 according to the Europeaindsic Communications Code.

All MS 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 thanex section.

2.7.1. Review of spectrum assignment progress

At least one auction complete or scheduled for Q4 2018

In ten MSs at least one spectrum auctiogdnplete (appears in bold). Four MSs schedulé€l 5
spectrum auctions for Q4 2018he following lisshows MS having assigned 3.Bif5spectrum that
can in principle be used for 5G. However, in some cases additional assignment measures are
expected to meet 5G requirements

9 Austria: 3.43.8 GHz,190 MHz in 3316 GHz and 200 MHz in 8@ GHz, October 2018

Czech Rep.: 38.8 GHz, 200 MHz in 33%8 GHz, July 201(#00 MHz and 3.5 GHz spectrum auctions
scheduled for 2019)

Finland:700 MHz in November 2018.6-3.8 GHz, 390 MHz in 3368 GHz, September 26th 2018.
France: 700 MHz in 2015

Germany: 700 MHz antb00 MHz in 2015

Hungary: 3.43.6 GHz, 160 MHz, 2016

Ireland: 3.63.8 GHz, 390 MH&Jay 2017 (700 MHz in 2019)

Italy: 3.63.8 GHz and 26 GHz, 200 MHz in8&GHz, 1000 MHz in 26 GBeptember 2018
Latvia: 3.43.7 GHz, 250 MHz, November 2017

Slovakia:3.4-3.6 GHz, 60 MHz, August 2015 &-3.8 GHz, 40 MHz, October 2017

Spain: 3.43.6 GHz, 160 MHz, 2016 & 338 GHz, 200 MHz, July 2018

Sweden: 700 MHz, 60 MHz, Decemb®y 2018 (3.43.8 GHz in 2019)

UK: 3.43.6 GHz, 150 MHz, April 2018

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

At least a spectrum auction in a specific band is scheduled for 2019
Theauctionprocedure in at least one spectrum band is scheduled for 2019 in seven MSs:

Belgium, 700 MHz i©3Q42019, 3.63.8 GHan Q3-Q42019, 400 MHz in 2019
Czech Rep., 700 MHz and 3.5 GHz in 2019

France, 3.68.8 GHz, 201@ith a public consultatiotate in 2018

Germany, 2 GHz/3.6 GHz early 2019

Hungary, 700 MHz/1.5 GHz in Q3 2019

=A =4 =4 =4 =4

1ECC PT1 issued two CEPT repoepdiR67 on 3.6 GHz and Report 68 on 26 GHz) on harmonisation measures in JUsCdllations
will be based on these two reports.

www.idate.org © IDATE DigiWorRD18¢ p. 20



5G Observatorg Quarterly Rport #1

M lIreland, 700 MHz in 2019
M Sweden, 3.48.8 GHz in 2019

Public consultations have been released

Process is ongoing in nibdSs EU MSsnayhave launched public consultations on §&ctrum or
planned spectrum auctions without precise date)

Germany: 3.48.8 GHz, 300 MHz

Greece: 3.43.8 GHz, Q4 2019

Lithuania: 3.84.2 GHz, public consultation
Luxembourg: 700 MHz, 1.5 GHz, publbnsultation
Malta: 700 MHzpublic consultation

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

Slovakia: 26 GHz, public consultation

UK: 5171 GHz, public consultation

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

Spectrum bands for 5G have been earmarked
Spectrum bands have been earmarked in two MSs:

1 Netherlands
1 Portugal

Reflecting phase

The remaining MSs are still at the internal reflecting phase: Bulgaria, Croatia, Cyprus, Denmark,
Estonia Romania, Slovenia.

2.7.2. Spectrum availability

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

Mid-band spectrum is defined as the baseline capacity layer, in favour of flexibility for many use
cases with higher throughputsvider spectrum and potential refarmg of LTE spectrum. The 3.4
3.8GHz band is the primary band in Europe with early availability.

Highband spectrum is known as the extreme capacity layer with large amount of spectrum
potentially available for very higcapacity, very high data rates but limited coverage, partially offset
by massive MIMO. The 26 GHz is the pioneer band in Europe.

Italy is the first Member State to make spectrum for 5G available in all pioneer bands in September
2018.
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Mid -band (3.4 -3.8 GHz) spectrum availability

Slovakia and Spain are the first European countries wher8.8.6Hz spectrum is fulssigned It
was auctioned in 201in Slovakia, in July 2018 in Spain.

Outside Europe, the USAléss advanced in th spectrum rangeTheFCC established a spectrum
sharing system for spectrum at 3.5 GHz in 2015. In 2017, the FCC started to analyseh@vcBiZ
spectrum could be relevant for mobile broadband. Earlier in 2018, the FCC identified spectrum at 3.4
GHz as a government band fopotential reallocation for mobile broadband.

2 Parts of this frequency band is used for 4G fixed wireless access
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Table7: Availability of mid-band spectrum in Member State@s at 15 August 2018)

Subjective Member State
availability rank

Frequencies Tentative/Expected Comments
assignment date

Date of completion

12

11

10

[e2]

13

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

34103800 MHz

700/1400/3600 MHz

ND
ND
ND
3600-3800 MHz
34003600 MHz
ND
ND
3400-3800 MHz
34003800 MHz

2 GHz/3.6 GHz

ND

34003600 MHz
36003800 MHz
24.2527.5 GHz
34003800 MHz
3600-3800 MHz
34003700 MHz
34003800 MHz
38004200 MHz
ND

ND

ND
34003600 MHz
36003800 MHz
ND
ND
34003600 MHz
36003800 MHz
ND
34003600 MHz
36003800 Mk
34003800 MHz
34003600 MHz
36003800 MHz

Q12019

Q3Q4 2019

ND

ND

ND

July 2019
2019

ND

ND

Sept. 26, 2018
ND

Early 2019

ND

June 2016
Q32019
Q32019

May 2017
September 2018
November 2017
ND

ND
ND

ND

ND

ND

ND

ND

July 2015
2017

ND

2016

July 2018
2019

April 2018
20192020

Four months after
approval of the May
2018 tender document
(period of approval not
limited by law)

700, 1400, 3600 MHz
spectrum concerned

Renewal of existing
licenes to expire in
March 2021 in 900, 18(
and 2600 MHz

ND
ND
ND

ND
ND

Public consultation in
October 2018

Full availability in 2022,
early stage in 2019

ND

ND

Public consultation in Q
2018

Public consultation in Q
2018

Public consultation iQ2
2018

ND

Public consultation in Q
2018

ND
ND

ND

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

Italy is the first Member State to set a date for auction of higikband spectrum; at world level, it

ranks second, lagging behind South Korea, which already awarded 2,400 MHz spectrum at 28 GHz in
June 2018. The USA will likely rank third globahe FCC will start auctioning 24 and 28 GHz

spectrum @ November 1%, 2018, a few weeks later than Italy.

Table8: Availability of high-band spectrum in Member Statef@s at 15 August 2018)
Subjective Member State Frequencies Tentative/Expected Comments
availability rank assignment date
Austria ND ND ND
Belgium ND ND ND
Bulgaria ND ND ND
Croatia ND ND ND
Cyprus ND ND ND
Czech Rep. ND ND ND
Denmark ND ND ND
Estonia ND ND ND
Finland ND ND ND
4 France ND ND Public consultation in Q
2018
Germany ND ND ND
Greece ND ND ND
Hungary ND ND ND
Ireland ND ND ND
1 Italy 26.527.5 GHz September 2018 ND
Latvia ND ND ND
Lithuania ND ND ND
Luxembourg ND ND ND
Malta ND ND ND
Netherlands ND ND ND
Poland ND ND Band reorganisation
envisioned
Pottugal ND ND ND
Romania ND ND ND
Slovakia ND ND ND
Slovenia ND ND ND
Spain ND ND Potential rearrangemen
2 Sweden 26.527.5 GHz ND Auction process
considered
3 UK 24.2527.5 GHz ND Call for inputs in July
2017

Source: IDATE DigiWorld, based o\NiRormation
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2.8. Product/market developments

2.8.1. Chipsets

As of end of August 2018everalbG 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 & X50 modem was the first to announceiitsiative, 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 muchtegrated offering.

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 Non Standalone Operation.

As carbe seen inrable9 below, Qualcomm and Samsung are not by far the only players to have

announced their 5G initiative in terms of baseband. Intel, Huawei, through HiSilicon and Mediatek

have also made their announcement. At the MebWorld Congress in February 2018, Huawei had

announced, through its subsidiary-§lilicon, 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 consider it is
effectivelydza SR Ay 1dzZt 6SA 26y pD /t9 odzi GKIFG R2SayQid
While both Qualcomm and Samsung chipset support throughput up to more than 5 Gbps in the

mmWaves, Huawei Balong 5G01 currently support a maximum throughput of 2.3 Gbps

As for Intel and Mediatek both 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 available and embeddable silicondM&k seems to be in comparable situation,
although much less is known about the development status of its Helio M70 5G baseband.

Table9: 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
Intel XMM 8060 November 2017 2nd half of Sub 6 GHz and
2019 mmWaves
Samsung Exynos 5100 August 2018 End of 2018 Sub 6 GHz and up to 2 Gbpsn
mmWaves sub 6 GHz and §
Gbpsin
mmWaves
Hi-Silicon Balong 5G01 February 2018 End of 2018 Sub 6 GHz and Up to 2.3 Gbps
mmWaves
Mediatek Helio M70 June 2018 20192020 Sub 6 GHz and Up to 5 Gbps
mmWaves

Source: IDATE DigiWorld, September 2018
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On the paper, iose chipset seem fairly similar, wghipportfor 5G NR radio interface, both in Non
Standalone (NSA) and Standaloune to 8 channel aggregation, 256 QAM modulation in the

downlink and support for both sub 6 GHz frequency bands and mmWRgeause moréandwidth

is available in the mmWaves than in the 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 X50 highlight@oalcomm seems to be ahead in

the race to enabling 5G mobile devices.

A specific challenge with 5G for chipset manufacturers is the support of mmWaves bet#use
possibility for the hand, body, or any obstacle to easily block mmWave signal. In odieutovent

this issue, Qualcomm has developed a new antenna module called QTMO052 and that brings support
for mmWaves. In order to maintain connectivity, four of those modules are required in the device, so
that whenever one antenna is blocked by somethiagother one can continue to receive a signal
through a different path.

Figure5: Layout of QTM052 mmWaves antenna module in a smartphone form factor

r |

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

Source: Qualcomm

The first smartphone to integrate this conap¢ solution from Qualcomm (5G baseband + mmWave

Radio FrorENnd) will be the Motorola Z3 announced in August 2018. 5G connectivity, however, will

2yte o0S @rAfroftS Fa Fy FRRAGAZ2YIfT aGaY2Ré G2 0SS L
The fact ttat a separate module is required shows that integration within mobile device is not yet

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

Noteworthy is the integrated strategy of players such as Samand Huawei to develop their

modem (and other chipsets) internally. This strategy has started a few years ago and is how starting
to bear its fruits with on the paper at least truly capable products. Essentially, this strategy enable
shorter Time To Markebut it is also aimed at reducing the dependence on players such as
Qualcomm and eventually at better tailoring chipsets to the device manufacturing need and possibly
providing more differentiation.
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2.8.2. Devices

The release of 5G baseband and RF systems f&r¢h step before commercial devices. Usually,
when a new radio technology is released, basebands are developed, and then implemented in
relatively simple devices such as mobile WiFi hotspots, before more complex devices such as
smartphones, where integtion is always more challenging. Before fully commercial devices are
available several steps are required.

Figure6: 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 5G, Fixed Wirele&scess is one of the first use case, rather than mobile usage and

first commercial devices announced have been 5G home routers, such as the one from Huawei
announced at MWC 2018 in Barcelona or Samsung more recently. Those early devices have been
more speifically designed for carrier partners Verizon in the US and in South Korea and have already
received their approval by the FCC.

Figure7: Huawei and Samsung 5G home routdes 5G Fixed Wireless Access
TN
— Indoor CPE Outdoor CPE

Source: Huawei and Saorg

Those first devices are available in indoor and outdoor versions. It is questionable whether they can
be considered as true commercial devices because those devices are not openly available and the
networks they have been designed for have not yet bieemched. However, their development

seem to be over and are a good indication that an-eménd device ecosystem is starting to being
built.
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Figure8: Qualcommdevelopmentplatform used for demonstrating OTA call handovat 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 preparation. All the challenges at
this stage is to make the differea between prototypes and fully ready devices. As we mentioned,
earlier, Huawei and Samsung have been able to present devices earlier because of the shorter Time
To Market that the development of their own 5G baseband has enabled.

Figure9: Motorola Z3 functioning with a 5G mod

SourceMotorola

In August 2018, Motorola has presented what they call a 5G upgradable device, the Motorola Z3. Like
other Motorola device, this smartphone support adds developed by Motorola as an exsion of

the device. With the 5G mod, Motorola Z3 users will be able to support Verizon 5G mobile network

to be launched at the beginning of 2019. While pictures have been provided to the press and devices
RAGLXE F8SRZ y2 2yS sla Fots G2 G840 GKA&A &4Y2RE®

It is thus clear that this announcement is more a marketing move from Motorola and Verizon than a
real breakthrough. By the time, this mod is launched, in early 2019, it is not impossible that other
smartphones from other vendors with more integrated 5G cartivity will have been announced.

LG notably has also announced that it would bring the first 5G smartphone in the US.
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Figurel0: LG will work with sprint to launch its 1st 5G smartphone in the US

Bringing you the 1st 5G

smartphone in the U.S.
Coming 1st Half 2019

Source: Sprint

In the table bebw, 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 far were workinglementing
Snapdragon X50 in their device. With 5G network official launch in South Korea in March 2019,
smartphones from other vendors, notably Samsung and LG are likely to be announced.

Tablel0: List of 5G devicesnnounced oipresented
Vendor Product name Baseband Comment
Huawei  Huawei 5G CPE (Sub 6 GHz Huawei Peak rate up to 2 Gbps (LTE + 5G dual connectiy
Huawei 5G CPE (mmWaves)Huawei Peak rate up to 2.3 Gbps (LTE + 5G dual connec
Huawei 5G mobile Wifi Huawei Shown but unsure whether the product
development is over or not (dummy device showr
MWC ?)
Samsung Samsung Outdoor CPE Samsung Indoor and outdoor Home router. 2x2 MIMO with
each antenna having 32 antenna elements.
Samsung tablet (prototype?) Samsuag Pre 5G tablet (support for mmWaves for KT and
Verizon), support multi Gbps throughputs, 4G
compatibility
Intel 2-in-1 PC 5G prototype Intel prototype 2 in 1 PC concept supporting the 28 GHz band
Motorola Z3 Qualcomm mid-tier smartphone with 5G conneigity available
with an additional module to be purchased
separately early 2019
Qualcomm Smartphone prototype For testing / demonstration only
LG No products announced yet but Claim to it launching a 5G smartphone in the US
ZTE pD &ayYl Nilia éi SiNarAoyS € | dzy OKSR SyR 2F uwnmy k S

Source: IDATE based on announcements
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2.8.3. Infrastructure ecosystem

Infrastructure equipment is probably even more important than devices in the early building of an
ecosystem, as they are used to test the technolfegtures and concepts, even as the technology is

being standardized within 3GPP. Equipment vendors were early in announcing their effort in building

5G technology, often by announcing trials efforts with Mobile Network Operators and/or chipset
manufactures. Those demonstrations are often focused on pieces of technologies or concepts, such

4 alaaAg@dS alahX (KS dzaS 2F YY2I @dSa Ay RAFTFSNBy

As industry efforts have now resulted in early (and accelerated) standardization of the technologies
and as first operators are now preparing for network launch by the end of the year 2018 or early
2019, most equipment vendors have built and presented a 5G solution so that first network can start
their deployment, even though commercial devices are het¢ yet.

Those solutions share more or less the same features, although each vendor has designed it solution
around its main strength. These features are:

1 3GPP Release 15 compliance: Release 15 is the first official release of 5G. Before that, somenequipm
vendors have worked around not finalized version of the standard, or as is the case of network operator
having built a prestandard (such as Verizon with the 5GTF). As Release 15 of 3GPP has seen its specs frozen,
infrastructure equipment now boast thiefull Rel. 15 compliancy.

1 End to end offering: in the race to being the most advanced vendor, it is important to show fitlh-emal
product portfolio, which means a core network solution, a transport solution, a-bteeén adapted to
differentscen®lA 2 6 S®Id 2 dzOK | & A YyRERNI 2NI WA R 2NDEK | ARG $ N ¢
1 A |(virtual) core network solution: It is built to be deployed in the cloud for maximum flexibility and to support
the deployment of certain network functions different places in the network, in centralized or more less
distributed (up to the edge of the network) way

1 Support for massive MIMO: Massive MIMO, beamforming and beam tracking and beam steering are key
features to attain increased spectrum efficiennysiG. The support of this feature is thus key for equipment
vendors to assert 5G ambitions

1 Support for sub 6 GHz and mmWaves: While mmWaves has received much of the attention in the race to
5G because of all the challenges associated in operating a ratiark in these frequency bands (the 28
GHz notably), but C band below 6 GHz has also seen traction because of its roaming capabilities for 5G. In
Europe, early deployments are likely to be in this band rather in the 26 GHz, because of its better coverage
capabilities and the feeling of operators that they are not yet running out of capacity (as compared to the
U.S. for instance)

Bellow, we present the 5G portfolio of each equipment manufacturer. Their claim is often similar and
as for device baseband, th@slaims can be seen through different angles. The table below tend to
summarize what stands out from each vendor solution:

Tablel1: Infrastructure equipment 5G solutions from major vendors
Equipment vendor Most notable for Devicemanufacturer

Huawei FWA and end to end solution (up to the baseband for device Yes
Ericsson Indoor and outdoor solution, spectrum sharing between 4G an No
Nokia Cloud solution No

ZTE Massive MIMO, Ultra Dense Networks Yes
Samsung Early demonstition of mmWave capabilities, FWA and end to Yes

solution (up to the baseband for devices)

Source: IDATE DigiWorld, September 2018
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5G infrastructure ¢ ontracts announce ments

1 In August 2018,-Mobile USA selected Nokia and Ericsson for $2.5 billion.each
1 In September 2018, SKT selected Ericsson, Nokia and Samsung for its 5G network infrastructure.
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3.1. National strategies and plans by MS
3.1.1. Austria

Consultations on 5G spectrum, July 2¢%bruary 2018
5G Strategy for Austria, April 2018

All MNOs startedG trials.

RTR consulted three times on 5G spectrum between July 2017 and February 2018, finally opting for a

SCA on 3:8.6 GHz bands scheduled in October 2018.

The Austrian Government set @psteering group for 5G in Febru@917. Thex p D a4 NJ 6 S3& F2 1

| dza (dedurnehtwas approved in April 2018.

The document defines three phases:

1 Precommercial 5G tests are expected to be held during the first phase b odid

1 Byyearend 2020, nationwide availability 00 Mbps connectionshould bealmost reachedThis creates
the basis for a nationwide expansion of 5G. At the same time, the market launch of 5G in alligkogipitals

should take place.

1 InPhase 35G shoulcbe accessible across the main traffic roads by ygear 2023, followed by nationwide

coverage two years later.

LG fA&G& Hn OGA2ya Ay (GSN¥a
for 5G applications.

3.1.2. Belgium
Strategy to le further defined
Further trials to come

Upcoming 3.43.8 GHz spectrum auctions.

27

ALISOG NHZYS Fdzy RAY

In September 2018, the BIPT released its plans for the introduction of 5G in Belgium.

3.1.3. Bulgaria

5G border corridor Bulgaria, Greece, Serbia

In July 2018, Bulgaria, Greece ardbfa sighed an agreement to develop an experimental 5G €ross
border corridor (ThessalonikiSofiag Belgrade) that will test autonomous vehicles.
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3.1.4. Croatia
Strategy for Broadband Development in Croatia 22080
TheStrategy for Broadband DevelopmeéntCroatia for 201&020 was adopted in July 2016. It aims

at achieving full broadband deployment by a technology neutral approBuh estimagd budget for
the implementation of the Strategy measures is cifég@ MEUR.

I NRdzyR GFofS 2y GAYUGNRRAzOGA2Y 2F GKS pD ySis2N)
3.1.5. Cyprus
Cyprus Broadband Plan 262620

In 2016 the Cyprus Broadband Plan 262620was published and covers broadband action plans
and strategic objectives for 201820.

3.1.6. Czech Republic
National Plan for the Develoment of Next Generation Network)16-2020

3.7 GHz spectrum auctioned efspectrum auctions in the 700 MHz and 3.5 GHz frequencies
scheduled for 2019

The Government of the Czech Republic adopted\thgonal Plan for the Development of Next
Generation Networkgn October 2016.

CTU aationed off 3.7 GHz spectrum in 2017 to four kidg] including two new players:

Telecom 5Gtwo 40MHz blocks 37201Hz3760MHz and 376MMHz3800MHz
02 Czech Republic: one block 3680 AHA20 MHz
PODA3640MHZz3680MHz
1 Vodafone Czech Republane blok 3600MHz3640MHz
Each 4MHz blockwassold for CZK203 million (USD9.2 millido a total of CZK1.015 billion.

= =4 =4

3.1.7. Denmark
Action plan dated 2018

An action plan has been defined early in 2018. It has to be approved by the Minister beformngear
2018.

In March 2018the Danish Energy Agency launched a consultation (including a draft Information Memorandum)
for the auction of spectrum licences in the 700 MHz, 900 MHz and 2300 MHz bands.

3.1.8. Estonia

No information available yet.
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3.1.9. Finland

Early award of trial licenses to a large number of companies (October-@@idber 2017)
700 MHz frequencieassignedn November 2016

3.4-3.8 GHz spectrum auctions scheduled to begin on September 26, 2018.

Elisa first 5G network in Europe launched in June 20187

Early award of trial licenses to a large number of companies (OctoberQ€bber 2017)

5G Test Network Finland is a consortium of industrial partners (vendors, including Nokia, MNOs
including Telia anélisa, FICORA, Finnish universities and research institutes including Aalto, Oulu,
¢ dzNJ dzZ + ¢ ¢cprovidingtheYdsyaad mosi appealing 5G test network environment and
ecosystem

3.1.10. France
700 MHz frequencieassignedn December 2015

Consultation orbG, 2016

Trials licenses and trial cities, 2017

5G pilot window, Jan. 2018

Provision of mieband spectrum for trials in selected cities.

Ongoing discussions and study to open up38GHz and 26 GHz spectrum to 5G.

5G roadmap, July 2018

5G initiatives
The 5G road began in 2016 when ARCEP launched a public consultation on 5G. The process
accelerated in 2017 when ARCEP consulted on its 5G roadmap and awarded trial licences.

f LYy al NOK HamTZ ! w/ 9t LJz2ofA&aKSR | NBLR2NI Ay apDY LA&S3

f InJanuary2aT1 > ! w/ 9t fFdzyOKSR | Llzoft A0 O2yadzZ G GA2y 2y 4
FYR AYyYy20FGA2Yy¢®

9  5G trial authorisation in Lille, Douai, Bordeaux and Lyon in February 2018

1  Creation of a 5G pilot windoBG@arcep.fr in January 2018. ARCEP opened a 5G pilot wifidloassigning
frequencies to stakeholders wanting to perform fstlale 5G pilot trials (portdhospitals, connected
NBIFRgl&axoo

1  On May 229 2018, ARCEP launched a public consultation on making thegsi@é GHz band available to
kickstart 5G rollouts. It ran until 18 June 2018.

1  5G trial authorisation in Marseille (Orange), Bordeaux ( Bouygues Telecom), Nantes and Toulouse (SFR)

1  Mid-July 2018, ARCEP disclosedRhench 5G roadmaand announced the launch of four priority areas:

- Free up andssigrbG spectrum; ARCEP is currently working hard on future connectivity needs and on
freeingup andawarding 3.43.8 GHz spectrum

- Facilitate development of new uses and applications
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- Support deployment of new infrastructures
- Ensure transparency and discussion on 5Aalgpents and on public exposure

1 A public consultation on the 1.5 GHz band is expectathdisummer 2018.

1 A public consultation on award procedures, procedures sequencing and on requirements is scheduled for
October 2018.

1  The work on best practices in terms of 5G deployment is to begin in Autumn 2018.

1 In H2 2018, discussions are organisederticals (connected vehicle, industry 4.0).

1 Live scale tests are awaited for early 2019.

1 Inthe first half 2019, the Government expects to organise a major event on 5G.

1  The call for applications is scheduled for the second half 2019.

Figurell: 5G timeline in France

I Governmentinitiative

5G roadmap
Planned Government initiative
B 1ias PC: New
frequencies PC: 26 G
for 5G
Major 5G
5@fllssues and 5Gpilot event
PC: 5G cBlilenges window pcl 1.5GHZ

Orange

Source: IDATE DigiWorld, as of 17 July 2018

Other public initiatives

The other public initiativeaim to create appropriate ecosystem in the country to create a dynamic
buoyant ecosystem favorable to innovation:

f
f
f

TheY AGAF GABS a[l CNBYyOK (GSOK¢

CKS AYAGAFI GRNIO&I aESD YOS ¢NBIGAO CAOSND

The programméNouvelle France Industriell§New Industrial France) created in October 2013 by French
government to boost productivity and investments in 34 industrial sextdhe initial budget of 3.7 billion
EUR. The programme gathers industrial players, public institutions, competition committees, operators, and

well-established research organizations fb8 priority actionswhere iber broadband and 5Gre key
elements

3.1.11. Germany
700 MHz frequencieassignedn June 2015
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GpD F2NJ DSNXYIyeés 1 dzidzYy Hnmc
5G spectrum roadmap, 2018

5G initiatives

¢KS . dzyRSaySGil I 3SyidzNJ LJdzof AaKSR Ala GCNBIldzSyde Y
for regulatory action on spectrum f&G. More detailed Points of Orientation were published in

December 2016.

¢tKS D2@SNYYSyid I dzy G& Bikativk §r Gerdzirgday yL i nlm cLIALISNIGNS S
September 2017, the Federal Government describes the national 5G strategy (context, actions,

rollouts) over the period to 2025. It defines five field of actions, key milestones and allocates 80

MEUR to 5G research initiatives i@ fesearch centers:

Figurel2: 5G strategy in 5 steps

Make available frequencies based

on demand

Promote cooperation between

telecommunications and user industries

Targeted and coordinated research -;

Initiate 5G for towns
and cities

Figure 7 - Five fields of action to develop the 5G lead market in Germany
Source: Federal Government

Source: The Federal Government, 5G Strategy for Germany, 2017

Figurel3: Key milestones of 5G strategy for Germany
First test beds with5G = Start of consultations = Evolution of the = Evaluation and, if
relevance on making 5G support framework necessary, evolution
+ Working group of the frequencies available :m‘a%m to gigabit of the 5G Strategy
Federal Government = Start of 5G competition
and the federal states = Procedure for making
to implement the frequencies available ROI Iol,lt

DigiNetzG
« Start of 5G Dialogue #
Forum

Figure 11 - Milestones of the 5G Strategy for Germany (as at June 2017)
Source: Federal Government

Source: The Federal Governmenr Strategy for Germangs at July2017
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Figurel4: 5G research centers in Germany
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Source: The Federal Government, 5G Strategy for Germaarat,July2017

Based on the submitted views, the German NRA released key elements andddwa formal
demand for nationwide assignments in the 2 GHz and 3.6 GHz bands in June 2017.

In January 2018, the German NRA releaséchéi consultationsetting out that scarce spectrum in
the 2 and 3.6 GHz bands would be auctiorigdcisions | and Were published in May 2018.

1 Inthe 2 GHz band, 2x40 MHz will be made available as ffodatiuary 2021. An additional 2x20 MHz will
be available as from®lJanuary 2026.

1 Inthe 3.6 GHz band (3317 GHz), some of the spectrum is assigned de fact@® mationwide basis (until
2021/2022) will be available as frorff January 2022 (earlier stage as from 20@&her public initiatives

Award conditions and auctions rules will be defined by the end of 2018.
5G spectrum auctions could be held in early 2019.

Figurel5: 5G timeline in Germany

I Governmentinitiative

Planned Government

initiative

Trials 5G strategy
3.6 GHz band 2 GHz band
available (early stage) available
Spectrum

Frequency Gigal

Decisions 1&ll auctions

Kompass initiatir e

Deutsche Telekom: 5G Haus

Source: IDATE DigiWorld, as of 17 July 2018
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3.1.12. Greece

Upcoming trial licences in 3318 GHz frequencies with award of licences in Q4 2019
No major trials to date

5G crossorder corridor (BulgariaGreece, Serbia)

EETT expects to see 5G trials using upcoming trial licences.

EETT expects to award 88 GHz spectrum in Q4 2019.

In July 2018, Bulgaria, Greece and Serbia signed an agreement to develop an experimental 5G cross
border corridor (Thessahiki ¢ Sofiag Belgrade) that will test autonomous vehicles.
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3.1.13. Hungary
G5A3FAGEE {dz0O0S&aa t NPAINIYYS Honéd {GNI GSIAO addzRe

European 5G hub for 5G
In June 2016, NMHH auctioned off 88 GHz spectrum to Vodafone and Digi.

In July 2017, the domestic Governmistated three major objectives for Hungary indt$s A 3 A (0 | f
{ dz00S3a4a tNRPRINIYYS HPnéd {GNFGSAAO &adGdzRe

1  Hungary to become a European huiv 56G developments by 2018
1 Hungary toplay a leading regional role in testing applioas based on 5G technology
1  Hungary to be among the first idopt 5G technology after 2020.

The 5G coalition with up to 50 Hungarian government institutions, companies business chambers,
universities, reseh institutes and professional and civic organisations was formeelorid 2017.

The 5G Coalition set goals including drawing up a 5G development strategy and creating a testing
environment to give Hungary a say in setting global 5G standards, aimiting floation to become

an early 5G adoptefrom 2020

3.1.14. Ireland
3.4-3.8 GHz spectrum auctioned off.

3.4-3.8 GHz spectrum has already been auctioned in 2017. Licenses will start in January 2019.

3.1.15. ltaly
5G for ltaly, 2016, 5G strategy, pushed by TIM, around ifieshicities and application areas.

Trial licenses and trial cities, 17
BariMatera plan, 2017
26 GHz spectrum auctions, September 2018, first in Europe?

The ltalian 5G strategy kisarted late in 2016 when the domestic NRA annourttedstart of a
fact-finding survey for the development of mobile and wireless systems towards the 5G and the
utilization of the spectrum above 6GHz.

In March 2017, the Government selected five 5G trial cities, including Milan (Vodafone), Prato (Wind
Treh LJISY C Aqail& (Wind TrgDg2h Fiber), Bari and Matera (Telecom |t&lastwebHuawei
Technologies), that will use 100 MHz 0f-3.8 GHz spectruni?rovisional licences are valid from
September 2017 to 2020.

AtyearSY R H n Baridatér&p®E ¢ Ay @2t OAy3 abha>x OAGASEAT NBaS|H |
vendors was unveiled and began. The 60 MEUR over four yearsZ@@18plan gathers 55 partners

including seven universities and reseacamters, public interest communities, vertical leaders, start

ups and telecom players (TIM, Fastweb, Huawei). The plan focuses on ten application areas including
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media/virtual reality, smart port, smart city, smart agriculture, public safety, industryh&@ith 5.0,
road safety, tourism and culture, and environmental monitoring over 70 use cases.

In May 2018, the NRA announced 5G mip#thd spectrum auctions (700 MHz, 3® GHz and 26
GHz) will be held in September 2018.

Figurel6: 5G timeline inltaly
I Governmentinitiative

Planned Government initiative —
Bari-Matera
| — . 5G fact-finding
Trials study Plan
Selectionof 5
trial cities
2015 2016 2021

today5G multi-
band
auctions

Source: IDATE DigiWorld, as of 17 July 2018
3.1.16. Latvia
3.4-3.8 GHz frequencies partially auctioned off

SRPK auctioned off 100 MHz of-3.8 GHz spectrum in November 2017.

3.1.17. Lithuania

RRT opened jaublic consultation on the use of 3318 GHz and 3-8.2 GHz frequencidsom April to
May 2018.

3.1.18. Luxembourg
5G Strategy, September 2018

Two public consultations have been launched on spectrum fdoSfate followed by the released of
the Luxembourg 5G Strategy on Septembet, Z018.

Assignemenbf the 700 MHz and 3.6 GHz frequencies is scheduled for the second half 2019. The 26
GHz frequencies are expected to become available in the second RBalf 20
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3.1.19. Malta

In February 2017, the MCA revisigsitest and triallicensing regime to further support the carriage
of technology trials such as 5G and.lbifNovember 2017, the MCA released an update of its
strategy for 2018020 Main tasks include:

1  Awarding 800 MHA and ontinuing process to clear 700 MHz band.
1  Publishing and commencing implementation of the NatidBpectrum Managemergtrategy.

1  Continuing scoping work on spectrum earmarked forbManaging information as #tnmeans to promote
competition.

1  Continue making the case for assumption ofpast competition regulation powers.
1 Maintaining the compliance framework set at safaging a competitive environment

In June 2018, the MCA released thietional Roadmafor the UHF band between 47180 MHz. The
700 MHz band will be made available for commercial WBB mobile services as from June 2021. The
roadmap follows aublic consultatiorheld between April 28 and May 229, 2018.

3.1.20. Netherlands
Connectivity Action Plan, July 2018

A multiband spectrum (700/1400/2100 MHz) auction isesguled for 2019/2020.

3.1.21. Poland
5G Strategy for Poland, Jan. 2018

5G spectrum consultation, July 2018
A few trials to date

In January 2018, the Ministry of Digital Affairs opened a public consultation anth® & (i NJ G S3 @&
t 2 f luyitiRl4d February 2018. According to the document, Poland will launch 5G in 2020 with 700
MHz frequencies in at least one Polish city by yerad and transpdrroutes will be covered by 2025.
Frequencies in the 3:3.8 GHz and 26 GHz bands wilklissignedn 2021. The 5G strategy for Poland
steered by the Ministry of Digital Affairs will be funded by public and community funds until 2023.

The Ministry of Digél Affairs will allocated 225 MPLN to digitalization until 2023. The Ministry aims

at easing permission for installing parts of the networks (masts e.g.) and restrictions on
electromagnetic emissions.

In July 2018, UKE launched a consultation on fregesrior 5G covering 700 MHz, 846 GHz, 3:6

3.8 GHz and 26 GHz bands. It proposes the sale of spectrum in these bands. Parts of the bands are
currently used for telecom and TV services. Uke considers reorganization and reallocation in all
bands.

3.1.22. Portugal

A public consultation on spectrum for 5G was released between March and April 2018.
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3.1.23. Romania

ANCOM launched a public consultation on 5G spectrum between May and June 2018.

3.1.24. Slovakia
In April 2017, the regulator launched a public consultation on 26 GHzeneips.

3.1.25. Slovenia

In January 2017, the Slovenian Government and AKOS called for project applications for testing 5G.
In the call, trial licenses in 3318 GHz frequencies were proposed.

In July 2017, a consortium on PPDR issues (5G PPDR) was Gieateitbwing organizations are
participating in the initiative: Telekom Slovenije, Faculty of Electrical Engineering, Iskratel, Ericsson,
Ministry of Internal Affairg Police, the Ministry of Defence, Administration for Civil Protection and
Disaster Relief,le Information Society Directorate of the Ministry of Public Administration, and
AKOS

Slovenia has launched a public consultation foraksignemenbf spectrum in the 700 MHz band for
4G and 5G services.

3.1.26. Spain
Early 5G 3-8.6 GHz spectrurassignmenprocess took place iB016 It is likely to be used for 4G.

The3.6-3.8 GHz auction enddd July 2018nd will be used by 5G networks:

1 Vodafonehas eighteerbMHz blockge m py)d ™ Y
 OrangeKl & (6St @S pall 06ft2014&8 6eMOHDMYD
§ Telefonicak & GSy pall 06t2014&8 6emnt dnYD

5G National Plan 2018020¢ 5G Observatory in Barcelona, July 2017 consultation, release in 2018

The 5G process in Spain started in July 2017 when the Governmamgepa public consultation
about the 5G National Plan consisting of 25 questions.

The5G National plan 2018020F A Y& I ( ¢éheiRed@Enénaytdeplyment of 5G
i S OK y 2ié tRezh@ction of spectrum in the5GHz and the 3.6GHz bands in early 2018, and at
oadevelopngtheir infrastructures and telecommunications networks with a 5G platform

The Spanish government iallocatedl MEURO create a nabnal 5G observatory in Barcelona, part

of a project designed to boost the candidature of Barcelona as the European capital of 5G
G§SOKY2t23A0lt Ayy20FGA2yd ¢KSjoigtmitiaSvedd théreyiNdal A a LI N
government of Cataloaiwith Barcelona City Hall, the Mobile World Capital Barcelona Foundation,

GKS AH/! ¢ C2dzyRFGA2YXYX GKS /¢¢/ o/ SYGNB ¢SOKy2f 23
and the UPC (Universitat Politecnica de Catalunya).
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5GBarcelonavill developa Europea 5G digital hub based on an open experimental infrastructure in
the metropolitan area for validating 5G technologies and services. It will be an open innovation
environment based on the collaboration between public and private institutions that will haizao

the ecosystem generated by the Mobile World Congress (MWC) and other technology fairs held in
BarcelonaForthis R&D&Iprogramme 500 KEUR were allocatetiiring ApritSeptember 20170

define the KPIs anchallengegowards becoming an internationdigital hub.

The 3.63.8 GHz spectrum auction raised 438 MEUR end of July 2018.

Figurel?: 5G timeline inSpain
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3.1.27. Sweden

Broadband strategy paper

Nordic cooperation on 5G

Upcoming 5G spé&mm auctions: preliminary study on 3318 GHz and 24.2%7.5 GHz, May 2018

The 5G strategy in Sweden is based on the paper released in March 2017 éntitled/ 2 Y LJt S St &
Connected Swedenby 2025 . NP Rol YR { GNF GS3e¢

Trial licenses have been granted on a fasie first served basis, valid from 2017 until 31st
December 2019. 200 MHz of spectrum was made availalteei3.43.6 GHz band and 1000 Hz in
the 24.5275 GHz band.

Auctions of 700 MHz, 3-3.8 GHz are scheduled respectively in 2018 and 2019.

The Nordic countries signed a letter of intent in May 2018 to deepen cooperation on 5G.

3.1.28. UK
5G strategy for the UKO26
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Strategy papett b SE(G DSYSNI A2y az206AfS ¢SOMseh2@AASEY | pl
Group of 5G research centers
GpD ¢Saido S RApril 20y8Rarch BOAY f & €

5G was initiated in 2016 when the Government announced its National Productiatstriment Fund
(NPIF) worth in total of 23 BGBP, of which 740 MGBP funded by the government aiming at 5G trials
and full fiber deployment across the UK by 2€22121.Projects must complete all grafuinded

activities by 31 March 2019.

Figurel8: 5G timeline in theUK
I Governmentinitiative
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Source: IDATE DigiWorld, as of 17 July 2018

3.2. International developments/trials

USA, Japan, South Korea and China are the leading countries in terms of 5G readiness. A number of
Gulf countries claim to the firsts to haleunched 5G mi2018:

1  China:China Mobile is currently trialling 5G. It plans commercial launches by 2020. China Unicom and China
Telecom are targeting 2020 for commercial services.

1 USA:AT&T has suggested a commercial launch by the end of 2018. Veriggpeisted to launch fixed
wireless trials in 2018.-Mobile plans to start deployments in 2019 with a nationwide deployment by 2020.
Sprint is suggesting a commercial launch late in 2019.

=

Japan:KDDI, Softbank and NTT DoCoMo are targeting commercial layriz020.

==

South KoreaSouth Korean MNOs displayed 5G at the Winter Olympic Ga€iidsas brought forward plans
for a commercial launch to 2019. SK Telecom is undertaking field €iamsmercial launch is planned for
the second half of 2019.

1  Europe Commecial largescale introduction is targeted for 2020. 5G coverage in main urban areas and
transport routes is scheduled for 2025.
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1  Gulf CountriesQatar and UAE both claim to be the world firsts to have launched 5G. Without any 5G device
available, it appearto be a 5G infrastructure green light rather than a full commercial launch.

3.2.1. USA

The United States awell advanceatountryin terms of 5GThe Federal Communications

Commission (FC@)pursuing a comprehensive wireless strategy. Clearing 11 GHh<damd

spectrum for 5G was one of its first action in favour of 5G as early as 2016. In 2016, it announced a
400 million USD funding dedicated to research on 5G. It now intends to make mobanud

spectrum available.

Concerns about cyberattacks from @resulted with an attempt from the Trump administration to
build a secure 5G network (possibly under government control). The FCC and the wireless industry
have pushed these attempts back.

5G Americas is the strong arm of 5G at regional level (partreeegiteements with major
standardisation bodies and wireless entities).

Spectrum issues

The FCC voted in 2016 for the release and development of nea@y1zIof highrequencyspectrum
intended to be used for fixed and mobile broadband bandwidth usesG-B5to beassignedinder
licenses in the bands 272B.35GHz and 340GHz and GHz, under general authorization, in the
band 6471GHz.

As the 24 & 28 GHz auction is about to be held (Novemb&r201.8), the FCC is considering clearing
mid-band spectrum.

T  July 2016the FCC made available a total of 10.85 GHz in the 28 GH2Z28335GHz), 37 GHz (38.6
GHz), 39 GHz (3840 GHz) and an unlicensed band at/4GHz.

1  November 2017: the FCC made available an additional 1700 MHz of high band spectieritfier f
terrestrial wireless use in the 24 GHz (242b45/24.7425.25 GHz) and 47 GHz (4422 GHz) bands.

1  March 2018: the FCC announced that it would like to held auctions of the 28 GHz ahit Darls by the
end of the year (November 2018 for the @z auction).

1  June 2018: the FCC voted to proceed with making the upper 26 GHzqZb.2%Hz) and 42 GHz {42
42.5 GHz) bands available for 5G services, while examining further aspects of the bands already in the 5G
pipeline.The auction for the 28 GHpectrum (27.528.35 GHz) and 24 GHz spectrum (2£253524.75
25.25 GHz) is scheduled to begin on November 14, 2018.

1  July 2018: the FCC is considering options for up to 500 MHz of spectrum in-the &Hz frequencies.
Satellite companies currently uglee frequencies.
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Trials and Strategies towards 5G

AT&T

Since early 2017, AT&T has been performing fixed wireless & mobile 5GIti@lspmpany works

with partners such as Esson, Samsung, Nokia, and Intel. After Austin, TX, AT&T expended trials to
Waco, TXKalamazoo, Mand South Bend, IN. AT&T observed results above expectations:

Waco, TX

1 Provided 5G mmWave service to a retail location more than 150 meters away from the cell site and
observed wireless speeds of approximately 1.2 Gbps in a 400 Miinal.

1  Observed latency rates at® milliseconds.
1  Supported hundreds of simultaneous connected users using the 5G network.

Kalamazoo, Ml

1  Observed no impacts on 5G mmWave signal performance due to rain, snow or other weather events

1 Learned mmWave signatan penetrate materials such as significant foliage, glass and even walls better
than initially anticipated.

1  Observed more than 1 Gbps speeds under line of sight conditions up to 900 feet.

South Bend, Indiana

1 Observed a full entb-end 5G network architeture, including the 5G radio system and core,
demonstrating extremely low latency.

1  Successfully provided gigabit wireless speeds on mmWave spectrum in both line of sight and seme non
line of sight conditions

AT&T plans to launch S@obile servicedo 15 dties or population centerby the end of 2018

includingDallas TX, Atlanta GA, Waco, aixd Charlotte, NC, Raleigh, NC and Oklahoma/di&T

NBYIFAya NBaAaSNIBSR lo62dzi pD C2! o ¢3¢ Aa SELISOGSR
at the Jamary conference call on company earnings, CEO Randall Stephensotitsaidit going to

be a handset, because handsets just aren't ald!, think of this as a puck”.

Verizon
Since 2017, Verizdmsbeen testingnmWave 5Gservice in 11 cities (in Ankrbor, Atlanta,
Bernardsville, Brockton, Dallas, Denver, Houston, Miami, Sacramento, Seattle, and Washington, DC.

FWA is the major use case for 5G at VeriZdm companyplans to have an initial fixed wireless
broadband commercial launch by the end 6f18 in 3 to 5 American citieslobile 5G could follow

FWA 5G introduction within a half year. Verizon is expected to use CPE units and home routers from
Samsung and the Motorola Mod.Z

Data speeds of several Gbps have been achieved, drofgstip seveal hundredMbps at distances
of 2000 feet. Verizon mentioned operating in hilgaquency bands would not require LOS (ke
Sight).
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Sprint

Sprint whichcouldmerge with TMobile USater in 2018 or 2019jJisclosed a number of target
markets ahead of itplanned commercial lanch in the first half of 2019. In February 2018, it named
Atlanta, Chicago, Dallas, Houston, Los Angeles, and Washingtanit® @ial wave of mmWave 5G
markets Additionalmarketswere revealed in May 2018, includiihgew York @y; Phoenix, AZ and
Kansas City.

In June 2016Sprint demonstratec 5Gtrial using 73 GHz frequencies. This 5G trial eeasdinated
with Nokia. lBak download speeddelivered reache@Gbps. Attendees experienced a live, highly
responsive, streaming viral reality (VR) system, as well as live streamed video in 4K ultra HD.

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 citiehlike its competitors, -Mobile is not expected to launch

5G in mmWaves. It announced it will use 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.

3.2.2. China

5G deployment irChina $ strongly backed by the government. 5G ranks among the strategic priority
for the whole country (18 5-year plan 2012020 and Made In China 2025 Initiative launched in
HAMOO® LYy WIydzZZ NBE HamTtI GKS alLL¢ Lzt fica&8 R | NBL
Communication Industry (2038020) in which it sets the objective of becoming one of the Global
leaders of 5G.

The Made In China 2025 initiative aims for a commercial 5G launch by 2020. As part of the country
plan and initiative, the authoritiesvgarded grants to local 5G oriented companies includii@& and
Huawei ZTE and Huawgegceived 72 million USD fofsb

In October 2017 e Chinese government kicked off tBed phase of 5G technology research and
development tests. This phase aims to get-pommercial products 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).

Spectrum issues

MIIT (Ministry of Industry and Information Technologgs approveffeserveda number of bands
for 5G:

1 The 3.33.6 GHz is officially reserved. Trials were approved in the band in J&0i8yThe 3.3.4 GHz
part is limited to indoor use.

1  The 4.85 GHz is also reserved for 5G service, China has also solicited opinions on tH&728 @blz) and
37-42.5 GHz bands. Trials were approved in the mmwave frequencies in July 2017.
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MIIT identfied other bands for 5G:

T MIT will likely free up the 3:8.2 GHz

1 Lower frequencies (below 3 GHz were also mentioned for 5G, notably the 700 MHz band which has the
largest spectrum band availabldowever, the 700 MHz spectrum is not available to Chinadgmi MIIT
might make available spectrum at 1 GHz or 2.5 GHz to Unichima Mobile wilteceive spectrum in the
4.8 GH5.0 GH4requencies.

Trials and Strategies towards 5G

The government of China authorised 5G trials in 16 cities in April 218 mi-August 2018,
Chinese players have ended 5G speeds tests: they are able to offer maximum DL of 3 Gbps on a single
terminal.

China Mobile

China Mobile started to conduct 5G trials during the second half of ZDHiGa Mobile plans to start
offering 5G serices in 2019which is a year earlier thaoriginally planned (2020). In 2018, China
Mobile announced margecale trials in five cities includi®hanghaand Hangzhouby the third
quarter of 2018 with about 500 base stations (100 first base stationsitdyJene 2018)Trials will be
extended to 20 cities early 201€th 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 Unicom

China Unicom has been trialling 5G 008abs of 16 cities including Beijing, Tianjin, Qingdao,
Hangzhou, Nanjing, Wuhan, Guiyang, Chengdu, Shenzhen, Fuzhou, Zhengzhou, and Shenyang. In
2019, application experiments and largeale trials are scheduled,

China Telecom
China Telecom started tiisg 5G in six cities y Of dzZRAy 3 - A2y 3Qlys {KSyl KSy=>
Chengdu and Lanzhdmw a view to test 5G in 12 cities in the end.

3.2.3. South Korea

In South Korea, the Korean Government (Ministry ofr@&, ICT and Future Planninggnd the
public-private partnership, 5G Forum,delfestablished in Seoul on 30 May 2013, defined the 5G
mobile strategy as early as January 2(Hgrthat purposethe Government allocated 1.5 billion USD.

The programme of the 5G Forum (www.5gforum.org) runs over the sgearperiod of 20142020

with a joint investment of 1.6 trillion KRW by both the Government and the private sector. Some 26
companies/institutions are part of the project comprised of private companies (operators,
equipment vendors), reseeh institutes and niversities.

TheSouth Korean carriers agreed r#618 to build single 5G network to save money and tife
government sees a 5G common launch in March 2019.
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Spectrum issues

The governmenassigne®80 MHz of 3.48.7 GHz spectrum in June 2018 at 3iliadn KRW

(2.4 billion EUR). Prices raised very high levels (more than 16 EUR per MHz per pop for 10 years).
At the same time, the South Korean governmassigned®400 MHz (800 MHz for each player) of

28 GHz spectrum. Each player paa160 million ER for the 28 GHz spectrum.

Trials and Strategies towards 5G

The February 2018 Winter Olympics in PyeongChang provided a stage for displaying 5G innovation
KT was very active.

Samsung and KT provided a 4K streaming video service via a 5G netingrk8 Gz spectrumkKT
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 streaming
GARS2 @Al Ly KSde@énstaed an 8s 56 detwirk fBuy tip®s of dateavy video
streaming services: Sync view, Timeslice, 360 VR and Omnipoinkdialsoshowed a 5G Connect
Bus using 5G, capable of autonomous driving using kétesors and the V2X technologiyundai
demonstrded five Level4 autonomous cara a 196km trip to Pyeondi@ng; the cars were

connected to the KT 5G net for entertaining the passengers;

3.2.4. Japan

The Radio Policy Vision Council of the Mliistry of Intenal Affairs and Communicationisgld in
2014 preseted the roadmap fobG Following this report, the 5GMF (5G Mobile Forum) was
established late in September 2014.

Around300 millionUSDhave been dedicated by the Japanese authorities to promotertteditrial
IoT and related technologies such as big dattficial intelligence, and robotics

Japanese operators target the roll out 5G in time for hosting the Summer Olympic and Paralympic
Games in August 2020.

Spectrum issues

Japan mainly suppatthe28GHZ27.529.5 GHz) band for 5G.The MIC has alsoaguthe 3.6
4.2 GHz and the 4:4.9 GHZrequencies.

Trials and Strategies towards 5G

NTT DoCoMo

NTT DoCoMo carried out a number of 5G trials with the Chinese vendor Huawei. For example, the
two companies cooperated with Tobu Railway to trial a 5G systehokyo Skytree Town using 28

GHz spectrum in March 2018. Earlier in November 2016, they carried out sstaigefield 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 Conmnications resulted in network speeds up to 11.29 Gbps total and
less than halb-millisecond latency. NTT DoCoMo and Huawei also completed 5G integrated access
backhaul trials using the 39 GHz frequencies.
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With Nokia, NTT DoCoMo tested 5G on the 90 Gifd b

More recently, in May 2018; NTT DOCOMO achieved a 5G field trial at 28GHz, involving a 5G base
station and a ar travelling at around 293 km/h.

SoftBank

SoftBankis also working wittHuawei to demonstratéG Ademonstration included reagime UHD
video transmission (throughput of over 800 Mbps) using titigh throughput, remote control of a
robotic arm and ultrdow latency transmission as well as remote rendering via a GPU server using
edge computing.

With ZTE, Softbank achieved DL speeds of I56sNWh Nagasaki in October 2017.
In August 2017S0ftbank and Ericsson perfoenh 5G trials using.5 GH4requencies.

KDDI

In December 2017, KDDI and Samsung completed a successful 5G demo on a train moving at over
100km/h.The distance betweetwo stations was approximately 1.5krftompanies achieved a
successfuDLandULhandover as well as a peak speed of 1.7 Gbps.

KDDI has also performed 5G trials, mainly with Ericsson and Samsung Electronics. Between
September 2017 and March 2018, KDDI and EricsstedtasPoC in the 4.5 GHz frequency band in a
many cities across Japan.

3.2.5. Other countries

Apart from the countries described above and the EU, other countries started planning 5G
deployments such as India, Australia, Canada, South Africa, and the Gulf &o(lwE, Qatar, Saudi
Arabia)

India

The Indian government is strongly backing 5G deployment. Indian authorities established a 5G forum
with a budget of approximately 76 million USD dedicated to 5G research and development.

The government launchedtwosttasS3A O AYAUGALF A @Sa (2 | RRNBaa (GKSa:
Mission and Digital India. 5G will be central in achieving these goverAnaeked initiatives that

focus on easing the stress of urban population growth and closing the digital dividegaim

citizens from different social backgrounds.

India has significant infrastructure challenges that will limit 5G deployment, such as the lack of a
robust network to connect cellular sefetworks to a core networks. The majority of mobile
subscriptiors are still 2G, and MNOs have already begun considering to leapfrog from 2G/3G directly
to 5G.

A reasonable target for 5G launch is 2022.
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The Department of Telecom (DoT) is harmonizing spectrum in th8.8.3Hz band and 26 GHz
band, along with the 776 GHz, the 886 GHz and the 584 GHz frequencies as 5G candidate
bands.

The DoT ordered operators to vacate spectrum in the343GHz range by the end of September
2018. in August 2018, , the government and the regulator TRAI suggested a reserve 30kteasf
1800 MHz FDD band for the 833 GHz spectrum i.e. 985 INR per MHz (12.4 EUR) considering the
1800 MHz reserve price of 3285 INR. Htehjuencies should be put for sale in 20 MHz blocks with a
spectrum cap of 100 MHz per bidder.

Qatar

Ooredooannounced it launched its 5G commercial network in July 20t8sidering 5G mobile
devices are not ready yet, it states it is waiting for manufacturers to produce 5G capable devices.

UAE

Du announced the rollout in 2018 of a limited service of 5G. Du's announcement follows rival
Etisalat's plans to roll out 5G commercial fixed devices in September 2018.

Saudi Arabia

The SAiKgdom has set up a national 5G task force to prepare the founasfior a large scaleG
rollout before the end of 2019,

Since May 2017, CITCommunications and lafmation Technology Commissiceavarded 160 MHz
of additional IMT spectrum in 700 MHz, 800 MHz, and 1800 MHz bands to mobile operators Mobily,
STGnd Zain

QTCissued testindicensedo all three operators in May 2018. The & GHz licenseslow the
MNOs to test 5G with 100 MHz of spectrum between June 2018 anecye?019.

3.3. 5G network equipment Zz presentation for the main manufacturers

3.3.1. Ericsson

Eri@azy +Fta ¢Sttt OfFAY (G2 2FFSNI GKS dal NJSG FANARDG
created its Radio System as the basis for its future 5G offering including a transport and access
solution. Ericsson put the stress on the smooth transitiomfdG to 5G that its solution enables

with notably a support for spectrum sharing between 4G and 5G. This solution brings increased
flexibility for spectrum asset usage since it enables to deploy both 4G and 5G in the same spectrum,
something particularlyniteresting at the beginning when 4G devices still account for the majority of
the data traffic. With its 5G radio dot offering, Ericsson also emphasize the importance of indoor
coverage and how its tiny base station fulfils the challenge of bringing S&ibamdoor. A street

macro solution and RAN compute portfolio has been announced for launch in the second half of
2019.
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Figurel9: Presentation of Ericsson 5G solution
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Source: Ericsson

3.3.2. Huawei

In February 2018 at MWC in Barasdp Huawei presented its ertd-end 5G solution including a 5G
baseband for devices. Huawei claimed to be the only vendor to offer aftceadd 5G solution at

that time, covering sub 3 GHz frequency bands, C band as well as mmWave band. Those products
hawe been adapted to the different types of deployment likely to be used for 5G, with tower sites,
pole sites and small cells and are accompanied by Active Antenna Units with up to 64T64R antenna
elements.

3.3.3. Nokia

Nokia also has an extended 5G portfolio, whictably comprises its Airscale Radio Access, 5G
Anyhaul solution for transport and core network solution. Nokia core networks solution put the
stress on its cloud capabilities and flexibility to deploy network functions at different places in the
network topology. Through its acquisition of Alcatel Lucent in 2016, Nokia has a broad transport
solution spanning from microwave to optical.
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3.3.4. Samsung

Figure20: Samsung 5@roducts evolution
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With 5G, Samsung has been rhunore vocal about its technological prowess than with 4G, touting
a host of first with notably the first mmWave Proof of Concept as early as in 2013 and the first field
deployed 5G product in 2017. Samsung was notably involved in several demonstratoriseo
capabilities of mmWaves propagations in different environment (static, urban, different mobility
a0SYyl NR2X0®
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has notably developed a Fixed Wirelégsess solution for the South Korean and American (Verizon)
market.

Figure21: Displaying of Samsung 5G FWA solution for the American market

- Residential Solutions

= ) Home1

Source: Samsung
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3.3.5. ZTE

ZTE is seen as one of the leader in terms of 5G technology dewaibogmaving received several

awards for its prebG solutions notable. ZTE is notably known for working on applying 5G concepts on
4G commercial networks. This ps& solution support technologies such as Massive MIMO and Ultra
Dense Network 5G technologiead combine them with LTAdvanced Pro technologies such as
Massive Carrier Aggregation, 256QAM, LAA, LWA addNBhis solution is also aimed at

facilitating the future transition from 4G to 5G.

ZTE pre5G solution was commercially deployed in Chirlapan but also in Japan with Softbank.
Softbank became the first operator to launch commercial Massive MIMO, a solution based on 8T8R
antenna system enabling the reach of 1 Gbps throughput with two Carrier Components carrier
aggregation. It was followelly Telkomsel in Indonesia. Massive MIMO trials with ZTE solutions were
also carried out by Telefonica, H3G in Spain and Austria.

According to ZTE, the use of Massive MIMO with 4G network enables an increase of spectral
efficiency up to 8 times.

ZTE has adsdeveloped a solution for massive Machine Type Communication with MUSA.
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