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The role of 3GPP technologies for our mobile world

Executive summary

5G - the new generation in mobile communication, was released in
2019, and as of end of 2021, 145 countries around the globe have
begun to invest in this technology. 5G networks are the latest 3GPP
standard - with its speed between 10 and 100 times faster than 4G.*
Largely thanks to this massive increase in speed, 5G is expected to
revolutionize mobile communication and enables the digitalization of
many new aspects of everyday life. Perhaps most important aspect for
future innovation of 5G technology is the ability to transfer massive
amounts of data in real-time. 5G could serve as the basis for a "Fourth
Industrial Revolution" and provide the connectivity required for smart
cities of the future. In addition to these macro-level benefits, this
technology will bring ease and efficiency to the lives of countless
individuals around the world.

But are we boasting about this technology, or are there tangible effects
of 3GPP that could be measured?

This Statista report quantifies the impact of 3GPP mobile standards
(commonly known as 3G, 4G & 5G **) on today’'s connected society,
starting from the time that these technologies entered the market and

providing insight into their future development; described in six
dimensions:

1. Constantly evolving technology timeline

2. Growing penetration (adoption by end users) of the technology
3. Increasing affordability

4. Fast time to market reflecting the popularity of the services

5. Benefits/opportunities enabled by the 3GPP standard for other
digital services

6. Digital Transformation enabled by 5G

What is 3GPP?

3GPP technologies cover cellular telecommunication technologies, which
include radio access, core network and service capabilities, and provide a
complete system description for mobile telecommunications. The association
was founded in 1998 and started with introducing the 3G technology.

3GPP or the third-generation partnership project, consists of seven***
standard organizations which develop protocols for mobile
telecommunication.

3GPP is a global and open standard ensuring interoperable equipment and
devices.

Note(s): * actual download speeds will depend on a number of factors including location and network traffic **2G is not a part of 3GPP standard, however included in this report figures & stats ***ARIB, ATIS, CCSA,

Sources: GSA

I ETSI, TSDSI, TTA, and TTC. For more information see also: https://www.3gpp.org/about-3gpp/partners


https://gsacom.com/paper/evolution-from-lte-to-5g-may-2020/?utm_medium=email&utm_source=sharpspring&sslid=MzcwNLCwMDYwMrAwBgA&sseid=M7Q0NTUwtjQyNgUA&jobid=1f309308-2d9e-4690-b20b-5ba9c17a2594
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How 3GPP “G" standards lays the foundation for a successful

global mobile internet ecosystem
Technical background: 3GPP Standard Development

Technical Development from 2G to 6G:

ITU-R p.rogress toward the gIOb,aI For the past 30 years, the ITU Radiocommunication
harmonization of IMT technologies sector (ITU-R) has been coordinating efforts with

governments and industries to develop unified
global broadband multimedia international mobile

2G 3G 4G 5G 6G telecommunications systems, also known as IMT.

(Pre IMT-2000) (IMT-2000) (IMT-Advanced) (IMT-2020) (IMT-2030)

Global operation and economies of scale are key
GSM requirements for the success of mobile
telecommunication systems.

WCDMA 3GPP LTE-

D-AMPS Advanced In order to achieve this goal, ITU-R established the
CDMA2000 3GPP 5G 3GPP 6G concept of IMT, which includes a harmonized

CDMA 1S-95 :\Elillz\l\-/xlc:l(\e/;erfged timeframe for future development, taking into
TD-SCDMA account technical, operational, and spectrum-

PDC related aspects.

PHS Since then, ITU-R has been striving for harmonized

global standards all through the process of IMT-
2000, IMT-Advanced and the to-be IMT-2030.

Source(s): Delloro, ITU



https://www.delloro.com/knowledge-center/white-papers/harmonized-itu-imt-2020-standards-of-3gpp-5g-technologies-lay-the-foundation-for-a-successful-global-ecosystem/
https://www.itu.int/en/myitu/News/2021/02/02/09/20/Beyond-5G-IMT-2020-update-new-Recommendation

History shows us that 3GPP mobile standards are a key driver
for technical inventions and social evolution

Constantly evolving mobile data timeline

2G: Cell phones
g0 public

Birth of 3GPP

= Key difference: Phone
calls to cellphones
(regardless of the location)
made possible

= Reach: Enables voice calls
& texting via mobile
phones for the public

= Security: Digital signals
instead of analogue,
phone conversations
became encrypted & more
secure

¢ -0

3G: Smartphones & apps
| enter the market

|7 4G: Basis of loT

5G: Commencement of
real-time manufacturing

5G: Development of
advanced functions

1998

= 3GPP: The first standard
introduced by the 3GPP
association

» Rise of Smartphone:
Use of the smartphone
for the wider public,
data-based apps

= More devices: Mobile
modems for laptops
made possible

Source(s): Ericsson, Uswitch, Rantcell, Round solutions

E Notes: *Extended reality.**Artificial intelligence and Machine Learning

2009

= More Media: Real time

streaming of videos &
faster gaming

loT NB: Enabling loT
narrow-band >
transferring small amounts
of data for a long time,
providing energy saving for
loT device.

All-IP standard: uses a
standard communications
protocol = data can be
sent without being
corrupted

2019

» Higher Performance:
Network speed up to
10Gbps, lower latency,
much higher response
rate

= |oT: Realization of the full
potential of loT. Enabler
of real time
manufacturing & logistics
as well as Autonomous
cars, smart cities & smart
homes

v

®
2021

= Enhancements:

Advancements for uplink and
downlink in mobile context

Artificial Intelligence:
Providing Al and ML** in air-
interface. Providing extended
reality services over 5G

Energy savings: 5G
networks are more energy
efficient in transmitting data
than older generations


https://www.ericsson.com/en/about-us/company-facts/ericsson-worldwide/india/authored-articles/5g-and-iot-ushering-in-a-new-era
https://www.uswitch.com/mobiles/guides/4g-mobile-phones/
https://rantcell.com/comparison-of-2g-3g-4g-5g.html
https://www.roundsolutions.com/de/solutions/use-cases/lte-4g-standard-narrowband-iot/

3GPP is a partnership aiming to ensure the interoperability of
network equipment and handsets all over the world

3GPP ecosystem: Primary members (Organizational Partners)

3GPP is a collaborative
body between well-
established regional
standard organizations
(organizational partners).
This partnership develops
and maintains global
technical specifications
with the objective to make

PARTNERS 3G P P sure that network

ORGANIZATIONAL

equipment and handset
manufacturers can develop
products that are
interoperable all over the
world. These seven
organizational partners
(OPs) determine the
general policy and
strategy of 3GPP.

Organizations

Source(s): 3GPP partners, 5G security



https://www.3gpp.org/about-3gpp/partners
https://5g.security/5g-technology/5g-3gpp-releases-15-16-17/

3GPP partnership includes seven regional telecom standara
development organizations and twenty associate members

3GPP ecosystem : Associate members (Market representation partners)

o e
MARKET REPRESENTATIO PSCEurope ' ﬁ"}’»
PARTNERS R . '
N
l GSA—\ ngmnu %DNA The twenty Market

Wireless

Broadband Allanc

Representation Partners
(MRPs) of 3GPP, together
with organizational
partners perform tasks

7014 TD-SCDMA

Industry Alliance )

COAI"

such as: maintenance of
the ‘Partnership Project
5GAA@ Agreement’, approval of
ORGPAA'\FL'TZNAER%NAL T 3G P P applications for 3GPP
Market _I'F-}L partnership and making
(AN decisions related to the
" [ ctia SCF dissolution of 3GPP.
“ India e . .
o ] e Specific inputs, in the form

f ket i t
OGCF of market requirements

7 may also come into the
(TrccA ,
IB§9 £20aX
FORUM

project via any these MRPs.

& ol
COMMITNG COMSNWIN Es

MFRASTRUCTURE ASSOCIATION

E Source(s): 3GPP partners, 3GPP management & orchestration



https://www.3gpp.org/about-3gpp/partners
https://wiki.onap.org/download/attachments/71839655/3GPP%20management%20and%20orchestration%20of%205G%20networks%20and%20network%20slicing%20%281%29.pdf?version=1&modificationDate=1574173992000&api=v2

3GPP also has a variety of external cooperation with other
standard bodies & different groups in the way of formal liaisons

3GPP ecosystem: External liaisons

STANDARD BODIES

OMAQ Specllorks

o 0 Comedied Werid

N, <4

tmforum AAREEEon

QIEEE 77 WM
) 1 ETF

J

5G PROJECTS

=< IINSCAA

Automotive Association

3

GSA

AL=CC

TDIA TD-SCDMA

~—

COAI

CERTIFICATION BODIES

QGCF prcrp

Notes: *the liaison with technical organization is a an activity where technical coordination is taking place

Source(s): 3GPP liaisons, 3GPP management & orchestration

Ecma International
Expert Group for Emergency Access (EGEA)
Eurescom

European Co-operation in the field of Scientific

and Technical Research (COST)

European Radiocommunications Committee
(ERC)

Fixed Mobile Convergence Alliance (FMCA)

Global Certification Forum (GCF)

Global TD-LTE Initiative (GTD)

GPS Industry Council

GSM Association

HomeRF Forum

IDB Forum

IEEE

Internet Engineering Task Force (IETF)
IrDA

International Multimedia Telecommunications
Consortium (IMTC)
Internet Streaming Media Alliance

ISO-ITU expert group
ISO MPEG / JPEG

ITU-T SG2
JAIN tm (Javatm APIs for Integrated Networks)

The Java Community Process (JCP)

Liberty Alliance Project
LTE/SAE Trial Initiative (LSTI)

Metro Ethernet Forum (MEF)
NENA

FORMAL EXTERNAL LIAISONS*

§GPP2

450 MHz Alliance
AISG

Bluetooth

Broadband Forum (BBF)

CableLabs

International Special Committee on Radio
Interference (CISPR)

CTIA

DVB project

OMA (Open Mobile Alliance)

Open Networking Foundation (ONF)
Open IPTV Forum

Object Management Group (OMG)
O-RAN Alliance

PCS Type Certification Review

Board (PTCRB)

Portable Computer and Communications
Association (PCCA)

Presence and Availability

Management (PAM) Forum

RSA Laboratories

PCS Type Certification Review

Board (PTCRB)

Portable Computer and Communications
Association (PCCA)

Presence and Availability

Management (PAM) Forum

RSA Laboratories

SDR Forum

Sun Micro Systems Inc

NGMN (Next Generation Mobile Networks)
oneM2M


https://www.3gpp.org/about-3gpp/15-bodies-with-which-3gpp-has
https://wiki.onap.org/download/attachments/71839655/3GPP%20management%20and%20orchestration%20of%205G%20networks%20and%20network%20slicing%20%281%29.pdf?version=1&modificationDate=1574173992000&api=v2

02 End user benefits

=  Penetration
= Time to market

= Affordability
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The spread of 3GPP communication technologies has resulted in

unprecedented global penetration today ...
Mobile Technology as a part of our society (1/2)

i ©

4.1 bn 52%

Unique

users

smartphone

Mobile society

Penetration rate and number of users (2021)
Penetration

rate
m ¢
8.65bn 110%
°00 | Y
o000 . ﬂﬂﬁ Y [~
'ﬁﬂ‘ “ 53bn 67%
4.5 bn 56% L

Unique mobile Unique mobile Mobile Cellular

internet users* users Subscriptions

- 120%

100%

80%

60%

40%

20%

0%

Fixed vs. mobile connection
Penetration rate in % (2021)

TELEPHONY INTERNET

® U

3GPP cellular technologies
are an integral part of our
society, unique mobile
subscribers reached 67% of
population.

3GPP mobile networks
enable access to mobile
communication technology
in regions where other
communication
technologies such as fixed
telephony and fixed
broadband failed to
establish itself (e.g., in Asia
and Africa).

Note(s): * cellular or Wi-Fi. Data points are based on estimations for the year 2021by ITU or Statista calculation of unique number of users -> Penetration rate defines as the number of subscribers over the World

Population in 2021, unless it is mentioned as unique number of subscribers. World population is assumed to be 7.89 billion by end of 2021
Source(s): GSMA, ITU, Datareportal

11



https://datareportal.com/global-digital-overview
https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
https://www.statista.com/statistics/203734/global-smartphone-penetration-per-capita-since-2005/
https://datareportal.com/global-digital-overview

... and has even overtaken some long-established basic

commodities in our society

Mobile Technology as a part of our society (2/2)

3GPP technologies diffusion vs. Did you know?

essential commodities
Percent of population covered by ... (2020) 3GPP network

providers are offering
unprecedented levels

of coverage for
telecommunications
technology, even in
comparison to other basic
needs.

Basic sanitation
services

Fun facts:

1. More cellular phones
are sold each day than

Basic drinking
water services

atleast 3G children are born.
..................................................................................................................................................... 2. Perhaps more
[ ) surprising, there were
Electricity [N more unique mobile
|

. . phone users than
0.22 mil 6.7 mil toothbrushes sold

Children births ~ Mobile phones | Toothbrushes Unique mobile globally in 2020.
everyday sold everyday : sold* phone users

Mobil-cellular
network

Note(s): * estimation by Statista
12 Source(s): Grandviewresearch, GSMA, ITU, Statista Analysis, WHO, Worldbank, Worldometer, Fortune business



https://www.grandviewresearch.com/industry-analysis/manual-toothbrush-market
https://www.gsma.com/sotir/wp-content/uploads/2020/03/GSMA-State-of-the-Industry-Report-on-Mobile-Money-2019-Full-Report.pdf
https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
https://apps.who.int/gho/data/view.main.INDEXOFESSENTIALSERVICECOVERAGEREGv
https://databank.worldbank.org/source/world-development-indicators
https://www.worldometers.info/
https://www.fortunebusinessinsights.com/toothbrush-market-103880

5G is expected to reach 1 billion subscriptions faster than any
other technological phenomenon

Time to market of 3GPP standards* compared to other technologies

Credit card users

Debit card users

Online banking users

PayPal transaction per year
Smartphones in use

Internet users

3G subscriptions

Facebook users

Instagram monthly active users
WhatsApp users

Increase in social media users by 1bn
4G subscriptions

5G subscriptions (estimate)

Time needed to reach 1 billion users (in years) **

Source(s): EMarketer, Ericsson mobility report Facebook, GSA, Instagram, ITU, Jefferies & companies, our world in data, PayPal, Statista analysis, Strategy Analytics

Since the introduction
of 2G mobile networks
in 1991 and the sub-
sequent introduction
of 3GPP, mobile data
technology has been
adopted faster than many
other technologies in the
world. Estimates suggest
that 5G will have the fastest
time to market cycle and
will
be used by one billion
individuals worldwide
in 3 years.
This rapid adoption fore-
cast is mainly due to its
relatively affordable price,
ease of building capacity,
and its prominent benefits
to society.

Note(s): *3GPP includes 3G,4G & 5G ** The years have been counted from the entrance of the mentioned technology to the market onwards. Calculated by Statista as of April 2020


https://www.statista.com/statistics/278414/number-of-worldwide-social-network-users/
https://www.ericsson.com/assets/local/mobility-report/documents/2019/ericsson-mobility-report-june-2019.pdf
https://de.statista.com/statistik/daten/studie/251800/umfrage/taeglich-aktive-nutzer-von-facebook-nach-regionen/
https://gsacom.com/paper/lte-and-5g-subscriber-growth-and-forecast-april-2020/
https://www.statista.com/statistics/253577/number-of-monthly-active-instagram-users/
https://itu.foleon.com/itu/measuring-digital-development/network-coverage/
https://www.statista.com/statistics/232602/3g-mobile-wireless-penetration-worldwide/
https://ourworldindata.org/world-population-growth
https://de.statista.com/statistik/daten/studie/300192/umfrage/transaktionen-ueber-paypal-weltweit-quartalszahlen/
https://thenextweb.com/mobile/2012/10/17/global-smartphone-users-pass-1-billion-for-the-first-time-report/

3GPP - Global scale and efficiency: Mobile data promptly becoming

more affordable and more accessible

Change in affordability of mobile data services - USA (1/2)
Change in the price of 1GB of mobile data in USA (2012-2021)

Purchasing power of $108 (2012)* Purchasing power of $3.3 (2021)
Data volume is important -
and gets increasingly more
affordable. In the USA, the
price for a 1GB package
has decreased by 97% in 9
years. In other words, in
2012, 1GB of mobile data
23 kWh of electricity cost consumers the same
as using a computer for

5 days of computer use 228 days, whereas today it
would only cost 5 days.
Comparing this decline to
the general consumer price
indexes, although over-all
104 travelled km by car commodity prices have
inflated over years, mobile
data became significantly

Change in overall consumer price index (Q3 2012-Q3 2021) more affordable.

@)OECD 19.4%  EE=137%

13 movie tickets 1GB = e 0 movie tickets
$108
25 Big Macs 1GB =

0 Big Macs
1097 kWh of electricity

228 days of computer use P

103 liters of diesel 3 liters of diesel

a
IR N

2808 travelled km by car

P ] D

Note(s): .* The quantities were rounded down after calculation. the value refers to the mobile-broadband basket, prepaid handset-based with a data volume allowance of 500 MB . Kilometers travelled is based on
Toyota Corolla 1.4D4D 3,67 liters per 100 km. computer use refers to desktop computer energy take-up.
Source(s): Cable UK, Choose energy, Economist, EIA, Expatistan, ITU, MPAA, Spritmonitor ,Statista analysis, Time, USA today, Whole sale solar



https://www.cable.co.uk/mobiles/worldwide-data-pricing/#map
https://www.chooseenergy.com/electricity-rates-by-state/
https://www.cable.co.uk/mobiles/worldwide-data-pricing/#map
https://de.statista.com/statistik/daten/studie/199335/umfrage/big-mac-index--weltweiter-preis-fuer-einen-big-mac/
https://www.expatistan.com/cost-of-living/country/united-states
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=EMD_EPD2D_PTE_NUS_DPG&f=M
https://www.expatistan.com/cost-of-living/country/united-states
https://www.itu.int/net4/ITU-D/ipb/#ipbrank-tab
https://www.statista.com/statistics/187091/average-ticket-price-at-north-american-movie-theaters-since-2001/
https://www.spritmonitor.de/de/detailansicht/688240.html?cdetail=1
https://time.com/2976601/this-is-the-most-expensive-place-to-get-a-haircut-in-the-u-s/
https://eu.usatoday.com/story/money/2019/08/29/cost-of-a-movie-ticket-the-year-you-were-born/39998123/
https://www.wholesalesolar.com/solar-information/power-table

Change in affordability is not limited to the USA:

Strong price decline is also notable in Europe
Change in affordability of mobile data services - Europe (2/2)

Change in the price of 1GB of mobile data in EU (2012-2021)

Purchasing power of $98 (2012)*

O~

-
=
=)

14 Movie tickets
23 Big Macs
391 kWh of electricity
81 days of computer use
65 Liters of Diesel

1795 Travelled km by car

Purchasing power of $2.6 (2021)

TIE

M RN

0 Movie tickets
0 Big Mac
10 kWh of electricity

2 days of computer use

1 Liters of Diesel

44 Travelled km by car

Change in overall consumer price index (Q3 2012-Q3 2021)

- 13%

11%

8.2%

- 14. 7%

In Europe, the price of 1
GB mobile data has
decreased strongly. The
price of 1 GB of mobile data
in 2012 cost an equivalent to
65 liters of diesel, which
amount to around 1795 km
of car travel. Whereas in
2021, 1 GB of mobile data
only costs an equivalent 1
liter of Diesel, i.e., 44 km of
travel by car. Comparing this
decline to consumer price
indices in Europe, mobile
data has become
significantly more
affordable. This
development enables an
increase in purchasing
power, from which everyone
benefits.

Note(s): *Mobile GB prices are based on data models with the usage of package prices. Europe is based on European Union (27 countries) /Kilometers travelled is based on Toyota Corolla 1.4D4D (one of the most
popular cars in the world) 3,67 liters per 100 km. The quantities were rounded after calculation. computer use refers to desktop computer energy take-up

Source(s): Cable UK, Economist, EEA, Eurostat, ITU, Spritmonitor, Statista analysis, Global petrol prices, Time, UNIC, OECD


https://www.cable.co.uk/mobiles/worldwide-data-pricing/#map
https://de.statista.com/statistik/daten/studie/199335/umfrage/big-mac-index--weltweiter-preis-fuer-einen-big-mac/
https://www.expatistan.com/cost-of-living/country/united-states
https://www.eea.europa.eu/data-and-maps/daviz/nominal-and-real-fuel-prices-6#tab-chart_2
https://ec.europa.eu/eurostat/databrowser/view/nrg_pc_204/default/table?lang=en
https://www.itu.int/net4/ITU-D/ipb/#ipbrank-tab
https://www.spritmonitor.de/de/detailansicht/688240.html?cdetail=1
https://www.globalpetrolprices.com/diesel_prices/Europe/
https://time.com/2976601/this-is-the-most-expensive-place-to-get-a-haircut-in-the-u-s/
https://www.unic-cinemas.org/fileadmin/user_upload/Publications/UNIC_AnnualReport_2020.pdf
https://stats.oecd.org/Index.aspx?DataSetCode=PRICES_CPI

5G and future

= 5Gvs. other wireless technologies

» Coverage, penetration & commercialization
» 5@ operator's geographical expansion

» 5G commercial ecosystem

= 5G vendor options

= 3GPP as a mean to interoperability
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-
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5@G is more attractive due to improvements in speed, latency,
reliability, and power consumption while supporting more devices

5@G vs. other wireless technologies

Assumptions:
* 5G will have higher speeds

allocations of mm W bands.

+ Latency of Wi-Fi 6 is on
average higher than showed
in the figure - but predictable

the use of unlicensed
spectrum.

spectrum is typically higher
than Wi-Fi 6 considering the
use of unlicensed spectrum.

than Wi-Fi 6 when using wider

latency is the challenge due to

+ Reliability of 4G using licensed

Wireless technologies spectrum
Range

Connections*

—5G

—4G
Wi-Fi-6

—NB-loT

Device energy

Latency & reliablity consumption

Source(s): McKinsey

Notes: * Describes number of supported devices per square meters.

Although 5G does not yet
provide optimal results for
all these dimensions
simultaneously because of
current technological and
infrastructure limitations, it
will eventually become the
technology of choice for
critical communications that
require extreme reliability
and service quality,
including those within
industrial settings. However,
not all performance
dimensions can be
maximized at the same
time. There are trade-offs
between speed, range,
energy efficiency, and
latency.


https://www.mckinsey.com/~/media/mckinsey/industries/advanced%20electronics/our%20insights/the%205g%20era%20new%20horizons%20for%20advanced%20electronics%20and%20industrial%20companies/the-5g-era-new-horizons-for-advanced-electronics-and-industrial-companies.pdf

The 3GPP-5G standard enables a quick roll out:
West Europe and North America are the forerunners

5G Coverage & Connections

5G coverage in 2027 5G adoption in 2027
(% of world population) (% of connections)
. By the end of 2021, 5G
North America | 0% | subscriptions are expected
75% ! to reach 660 million.
west europe [ . - Looking into the future,
I north America is in the
North East s | 7% filtys e o
I adopting and establishing
. : ! 5G mobile networks with
South East Asia & Oceania ||| NG I45% more than 90% (410
. . 1 million) of connections
Latin America | R % using 5G standards closely
559, : followed by West Europe
° Central & Eastern Europe |GG 4% (83%) and developed Asia
: (72%).
: The global average for
india | o - :
e v adoption of 5G mobile
I networks will be around
MENA [ 25% : 49%, that is 4.4 billion
indivi I 2027.
2021 2026 Sub Saharan Africa 10% : ndviduats by ’
-

Source(s): Ericsson mobility report, Ericsson Mobility visualizer December.2021



https://www.ericsson.com/4ad7e9/assets/local/reports-papers/mobility-report/documents/2021/ericsson-mobility-report-november-2021.pdf
https://www.ericsson.com/en/reports-and-papers/mobility-report/mobility-visualizer?f=1&ft=1&r=2,3,4,5,6,7,8,9&t=8&s=1,2,3&u=1&y=2021,2027&c=1

The 3GPP-5G commercial network launches keep the momentum

5G commercialization speed

200

180

160

14

o

12

o

10

o

8

o

6

o

4

(@]

2

(@]

(@)

Count of operators with commercial 5G services

As end of 2021

~43% ||
_..llllll“l

Q3-18

Q4-18

Q1-19 Q2-19 Q3-19 Q4-19 Q1-20 Q2-20 Q3-20 Q4-20 Q1-21 Q2-21 Q3-21 Q4-21

Source(s): 5G market snapshot end of the year 2021

By end of year 2021, the
number of operators
worldwide who have
launched 5G services
commercially has reached
200, i.e., end consumers in
78 countries around the
world can now use 3GPP-
compliant 5G services.
Additionally, two
commercial 5G Open RAN
network deployments have
been announced in Japan
during 2020, one greenfield
(Rakuten) deployment and
one brownfield (DoCoMo).
Whereas only DoCoMo's
compliance with O-RAN
Alliance LLS' open interface
specification is confirmed.


https://gsacom.com/paper/5g-market-snapshot-2021-end-of-year/

3GPP-5G network expansion:
145 countries have already started the journey

5G expansion map around the globe

The future begins
Map of global operators active in 5G (as of end of 2021)

5G has launched globally.
According to the plans of
various telecommunication
operators, most countries
will get access to 5G in the
coming years. By end of
2021, 487 operators in 145
countries had announced
that they had at least
started investing in mobile
or fixed wireless access 5G
networks. These
investments have been in
the form of tests, trials,
pilots, planned and actual
deployments. Out of these
operators, 200 have
Launched* : already made it
Deployment** commercially available.

Plan & evaluation***

Notes: *Commercial services are generally available to customers over a live 5G network, soft launches included ** deploying or deployed in network but still precommercial.*** Planning, evaluating, testing and

trialing
20 Source(s): 5G market snapshot end of the year 2021



https://gsacom.com/paper/5g-market-snapshot-2021-end-of-year/

3GPP-5G standard empowers the 5G ecosystem with 400 actors
around the world

5G ecosystem in the world
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https://tecknexus.com/5g-ecosystem-pdf-download/

3GPP defines a common standard, providing operators with
numerous choices of 5G vendors

5G mobile network vendor ecosystem

Australia

Canada

Japan

South Korea

USA

B RAN B Transport

Active vendor partnerships
in commercial 5G networks
(by domain in selected countries)

0 10 20 30 40

Core mOSS/BSS* m MEC**

RAN

Airspan

Altiostar

Examples of current 5G network

solution suppliers

Transport
Adtran

Airspan/
Mimosa

Casa Systems  Aviat Networks

Commscope

Croning
Ericsson
Fujitsu

Huawei

Nokia

Mavenir
NEC

Parallel
Wireless

Samsung
ZTE

Ceragon
Ciena
Cisco

Commscope

DragonWave-X

Ericsson

Huawei
Juniper
Nokia

Siklu
ZTE

Core
Affirmed

Casa

Cisco
Ericsson
HPE
Huawei
Mavenir

Microsoft/
(Metaswitch)

NEC

Nokia

Oracle
Samsung

ZTE

OSS/BSS

Amdocs
Cerillion

Cisco
Comarch
CSG
Ericsson
HPE

Huawei

NEC/
Netcracker

Nokia
Openet

Optiva

Sigma Systems

ZTE

Edge

Amazon
Dell

Google
Huawei
Intel
Microsoft
QTC

Radisys

Red Hat (IBM)

Source(s): Omdia

I Notes: *OSS/BSS stands for network management, **MEC stands for mobile edge compute
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The transition from one
mobile generation to the
next has, historically, been
a time when mobile
operators evaluate their
current suppliers and
explore new ones. Vendors
see this transition period as
an opportunity, allowing
them to enter new markets
and build new relationships
with mobile operators. With
5@, unlike previous
generations, there is
unified agreement on what
5G technology should be.
5G ecosystem provides
operators with many
vendor choices, as
illustrated in the table.

22


https://omdia.tech.informa.com/-/media/tech/omdia/marketing/commissioned-research/pdfs/mobile-operators-have-many-5g-network-vendor-options.pdf

3GPP defines a common standard, providing a seamless connection
between the users and providers

3GPP as a mean to interoperability

Video-call Apps ecosystem VS Mobile Network ecosystem*
Unlike countless other

Radio technologies which
Network surround us, mobile
networks are interoperable.
Taking the example of
different video call apps,
one could see that they are
in most of cases
incompatible, it is
impossible to send or
receive calls from for
instance Skype to Zoom

%

ezl directly. Considering mobile
- A calls, we take it for granted
e st ) SN that all kinds of cell phones
\ ! R | ' S / .
o Y 4 | are seamlessly compatible,
---SAMSUNG--~"~ . regardless of their type. In

addition, 3GPP standard
has made it possible for all
------- numerous providers and
suppliers throughout the
““““““““ supply chain to be able to
sync.

~a—---

zoom GoloMeeting

Source(s): comvia, RCRwireless, omdia

I Notes: *mobile networks consist of five domains which must interconnect for a data/call transfer to happen throughout the network.
23



https://www.comviva.com/blog/references/all-you-need-to-know-about-network-interoperability/#:~:text=Network%20Interoperability%20is%20the%20continuous,the%20sending%20and%20receiving%20networks.
https://www.rcrwireless.com/20180419/fundamentals/the-role-of-network-interoperability-in-telecommunications
https://omdia.tech.informa.com/-/media/tech/omdia/marketing/commissioned-research/pdfs/mobile-operators-have-many-5g-network-vendor-options.pdf
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Fixed Wireless Access

=  Fixed wireless access technology
= Regional presence

= Benefits for the regions

= Benefits for the end users and providers
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Fixed Wireless Access connections skyrocket as users and
governments get to know its benefits

Fixed Wireless Access technology

Connections in Mio.

180

160

140

120

100

8

o

6

o

4

o

2

o

o

Fixed Wireless Access (FWA) connections

2019

2020 2021 2022 2023 2024

B 4G/Other wireless technologies B 5G

2025

2026

Notes: * Fixed wireless access is named with its acronym FWA in the report ** Fixed broadband access encompass both wired and wireless connection
Source(s): Deloitte analysis based on data from Ericsson, Statista and ABI research, Statista analysis based on ITU statistics

FWA* is defined as a
broadband wireless
connection between two
fixed locations such as
mobile tower and customer
premises equipment. The
value of FWA is to offer
internet connectivity in
remote regions where
setting wired access is not
economically feasible.

Globally, 1.3 billion fixed
broadband subscriptions™*
were reported in 2021. Out
of which, fixed wireless
connections made up about
6% of the total subscriptions.
It is estimated that this
number grows to 10% by
2026.
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https://www2.deloitte.com/za/en/insights/industry/technology/technology-media-and-telecom-predictions/2022/fixed-wireless-access-market.html

The global rollout is gaining momentum, as half of service

providers in every region offer Fixed Wireless Access

Fixed Wireless Access regional presence

Regional Presence
Countries with identified LTE or 5G-based FWA service offers

B Launched 5G-
FWA network*

LTE-FWA network

Notes: * Countries with launched 5G FWA network have already launched LTE networks in their territory
26 Source(s): FWA market December 2021 update, Ericsson, Deloitte

FWA is rolling out rapidly
around the world. More
than 50% of service
providers in every region
offer FWA options.

While FWA connections are
growing at the rate of 19%,
5G-FWA subscriptions
however are estimated to
grow at a rate of 88% over
2020-2026.

By end of 2021, 81
operators worldwide were
selling 5G-FWA services.

Europe leads the race with
38 5G-FWA operators, while
the Middle East and Africa
sits in second place with 18
operators, respectively.


https://gsacom.com/paper/fwa-market-december-2021-global-update/
https://www.ericsson.com/en/reports-and-papers/mobility-report/dataforecasts/fwa-outlook
https://www2.deloitte.com/xe/en/insights/industry/technology/technology-media-and-telecom-predictions/2022/fixed-wireless-access-market.html

Fixed Wireless Access offers opportunities for regions with both
developing and developed infrastructure

Fixed Wireless Access benefits by region

« FWA is offered by almost all - @,
operators in Western
North America has the biggest Europe. (
5G-FWA market worldwide * The EU is studying FWA to » Opportunity for FWA usage -

Huge opportunity for FWA achieve its broadband goals
connection especially in rural areas
with low population density

in urban areas with high
population density and tall
buildings
4% of 5G-FWA connections
will be in China by 2023

Prominent 5G FWA
momentum in the
Middle East and African
region

FWA offered by 75% of
operators in the region

« FWA provides broadband
connection to remote areas
with no internet access

* Sub-Saharan Africa has a
strong performance, with 83
operators offering LTE-FWA

Sources: STL tech, Article: 5G fixed wireless access will reshuffle the fixed vs. mobile paradigm by Tarig Ashraf, 5G Americas, FWA market December 2021 update, Ericsson



https://www.stl.tech/blog/how-can-fixed-wireless-access-5g-curb-the-digital-divide/
https://www.linkedin.com/pulse/5g-fixed-wireless-access-reshuffle-vs-mobile-paradigm-tariq-ashraf/
https://www.5gamericas.org/wp-content/uploads/2021/11/5G-FWA-WP.pdf
https://gsacom.com/paper/fwa-market-december-2021-global-update/
https://www.ericsson.com/en/reports-and-papers/mobility-report/dataforecasts/fwa-outlook

Narrowing the digital divide by leveraging Fixed Wireless Access
and improving internet availability in underserved markets

Benefits for end users and providers

Reach and accessibility

*Extends broadband coverage to rural and remote areas

*Provides high-speed broadband service to underserved markets

*Promotes digital equity

*Has shorter time to market in comparison with traditional broadband networks

The COVID-19 pandemic
has emphasized the
importance of reliable high-
speed broadband
connections at home, as it
solidifies the importance for

Cost Savings working from home and
remote learning.
*Reduces the cost of last-mile fiber cables and infrastructure It is estimated that the
*No need for technician-installed equipment at customer premises global demand for
*Usually rolled out based on an existing mobile wireless network residential broadband
*Replaces the costly copper network of DSL connections remains high after the

pandemic. Governments
are also recognizing the
importance of high-speed
internet in relation to
+Offers wide spectrum which covers mid and high spectrum bands economic development.
+Offers a solid, mid-range speed for multiple users Many have started

«Acts as a gap filler and backup to fiber and provides uninterrupted internet programs to fund or

*Possess ideal features for small businesses, homes and pop-up networks subsidize building )
broadband networks in

underserved areas.

Speed and Spectrum

Source(s): Deloitte, 5G America, Techcentral, Capgemini


https://www2.deloitte.com/za/en/insights/industry/technology/technology-media-and-telecom-predictions/2022/fixed-wireless-access-market.html
https://www.5gamericas.org/wp-content/uploads/2021/11/5G-FWA-WP.pdf
https://techcentral.co.za/fixed-wireless-access-a-big-opportunity-for-operators-huaprom/205342/
https://www.capgemini.com/2020/10/unlocking-a-new-revenue-stream-through-fixed-wireless-access-fwa/
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