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Overview - Digital Infrastructure and
Connectivity
•

•

Cisco Systems (CSCO) sees global internet
traffic growing 3.7-fold between 2017 and
2022, and monthly internet traffic will rise to
more than 350 exabytes per month, up from
96.0 EB per month in 2017 1.
By 2023, Cisco Systems sees 5.3 billion
internet users that will have 3.6 networked
devices each, up from 2.4 in 2018, just one
more reason to expect that data traffic will
continue to grow, taxing the digital
infrastructure.

Digital infrastructure is the backbone of our
increasingly digital lifestyle and the connected
organization. In just six seconds in the US alone
during 2019, 4.4 petabytes (4.4 million
gigabytes) of internet data was transmitted an
increase of 41% compared to 2018 2- as people
increasingly streamed, researched and
searched, booked a ride, ordered food,
shopped, shared photos and messaged. Prepandemic, Cisco Systems (CSCO) forecasted
global internet traffic to grow by 3.7x between
2017 and 2022 as the number of users, the
number of devices per user, and the amount of
data per device all increase.
As a result of the COVID-19 pandemic, demand
that was expected to grow over the coming
years instead appeared much more rapidly,
exposing shortcomings and network
deficiencies. This was summed up rather
succinctly by Nokia’s (NOK) Sandy Motley
President of Fixed Networks –

“

Many customers had planned
to grow their network by 30%
to 40% over the next few
years, assuming a similar
growth in traffic, but Covid-19
brought in that traffic growth
overnight 3.”
As we have become increasingly aware during
the pandemic, without a viable digital
infrastructure our devices quickly become
expensive paper weights.

As mobile network and other broadband
operators add capacity to their existing
networks, in the second half of 2020 the rollout
of next generation broadband technologies,
including 5G, accelerates. Recent 5G network
announcements build on the 114 commercial
networks that were deployed across the globe
exiting the June 2020 quarter. Per data from
TeleGeography 4, the number of 5G
deployments is expected to double by the end
of 2020. The deployment of these and other
next generation networks are poised to
accelerate data consumption and creation for
existing applications. This will boost capital
spending by network operators and enable a
new class of connected devices and services as
data speeds and network latency leapfrog many
orders of magnitude, dramatically expanding
the addressable market.

1 “VNI Complete Forecast Highlights” Available at https://www.cisco.com/c/dam/m/en_us/solutions/service-provider/vniforecast-highlights/pdf/Global_2022_Forecast_Highlights.pdf
2 IoT Connections Forecast: The Rise of Enterprise
3 “Nokia's broadband business boosted as COVID-19 pressures networks” Available at https://au.news.yahoo.com/nokiasbroadband-business-boosted-covid-093845568.html
4 “New Commercial 5G Deployments and Subscriptions March Ahead” Available at https://www.globenewswire.com/newsrelease/2020/09/23/2098222/0/en/New-Commercial-5G-Deployments-and-Subscriptions-March-Ahead.html
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By 2022, new and existing applications are
expected to drive mobile data traffic alone to
930 exabytes per year, an 11,300% increase
over 2012, which equates to all the movies ever
made crossing global mobile networks every 5
minutes 5. Current uses include streaming
services, video communication, distance
learning and telemedicine, all of which tax
network capacity, while near-term drivers of
mobile data traffic include the immersive
gaming and virtual reality, Edge Computing and
Internet of Things (IoT) applications in the
home, hospitals, manufacturing and other
environments. 5G and other disruptive
broadband enabling technologies will foster new
rich data applications that will spur additional
data consumption, eventually resulting in
network congestion that will require further
infrastructure buildout even as next generation
technologies, such as 6G are being developed to
alleviate future network constraints. Already the
South Korean government targets 2026 as the
year in which it will begin its 6G trials with a
stated goal of having that technology and those
networks commercially available between
2028-2030.

Tematica Research’s Digital Infrastructure and
Connectivity investment theme captures the
virtuous cycle of rising data consumption
/creation giving birth to new technologies and
new applications that generate ever-rising
demand for additional capacity. These digital
backbone enablers run the gamut from
infrastructure equipment and semiconductors
to intellectual licensing and networking
equipment that combine to form the connective
data ecosystem we rely on today and those that
will support the applications of tomorrow. This
revolutionary theme captures the companies
that enable the digital applications of both today
and tomorrow that will redefine not only how
people work, live and play, but how the
increasingly connected and virtual organisation
conducts its operations and serves customers.
The theme is composed of six segments: data
centres; data networks; digital connectivity;
digital transmission; digital processing; and
digital solutions and IP.

5 “Video to represent four-fifths of global mobile data traffic by 2022” Available at
https://www.rapidtvnews.com/2019022055193/video-to-represent-four-fifths-of-global-mobile-data-traffic-by2022.html#ixzz6aDcJhqXD
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Sub-theme

Description

Data centres:

The connective hubs and backbone that allow for the communication, processing,
backup, and distribution of data across vast digital networks. Example companies
include Equinix (EQIX) and Digital Realty Trust (DLR).

Data networks:

The mobile, cable, and fiber networks that are the connective tissue of the digital
infrastructure. Example companies include F5 Networks (FFIV) and ACI Worldwide
(ACIW).

Digital
connectivity:

Communication chips that enable cellular, WiFi, Bluetooth, and Near Field
Communication (NFC) and other communications protocols that connect our wired and
mobile devices to the digital infrastructure. Example companies include Qualcomm
(QCOM) and Skyworks (SWKS).

Digital
transmission:

The transceivers, multiplexers, servers, routers, fiber, card readers and receivers that
comprise the connective hubs. Example companies include Cisco Systems (CSCO) and
Ericsson (ERIC).

Digital processing:

Processor chips utilized in routers, network switches, and other digital infrastructure
equipment. Example companies include NVIDIA (NVDA) and NXP Semiconductors
(NXPI).

Digital services and
intellectual
property:

Platforms, essential services and other solutions that support digital infrastructure. This
also includes R&D intensive companies and their licensing business models that develop
cutting-edge digital and networking technologies. Example companies include Square
(SQ), Cloudera (CLDR) and InterDigital (IDCC).

Everything from banks and hospitals to the
military and utility systems increasingly rely on
the internet and the infrastructure that enables
it. Because of this, there is far greater reliance
on the availability, stability and capacity of the
global digital infrastructure. Deloitte estimates
the average high-connectivity country stands to
lose at least 1.9% of its daily GDP for each day
all Internet services are shut down. For an
average medium-level connectivity country, the
loss is estimated at 1% of daily GDP, and for an
average low-connectivity country, the loss is
estimated at 0.4% of daily GDP. In the longterm, digital networks will be fast enough to
enable artificial intelligence and connected
drones and robots to serve as the
communication backbone for autonomous
vehicles that are navigating the highways and
byways across the globe. The adoption of IoT
and other digital disruptors will only increase
the economic imperative of the ever-expanding
digital infrastructure, resulting in rising demand
for the digital infrastructure and connectivity
products and services.

Background:
Parallels between
the US Highway
System and Future
Connectivity
We are in the midst of a digital infrastructure
buildout that in many ways resembles that of
the US Interstate Highway System. Were there
roads before the US Highway System? Yes, but
they were very limited. In the 1920s the Bureau
of Public Roads provided funding for a system
of paved two-lane interstate highways that were
built by state highway agencies. When President
Dwight D. Eisenhower signed the Federal-Aid
Highway Act of 1956, the Interstate Highway
System was launched to provide a high-speed,
high-capacity system of highways that
supported significantly accelerated economic
growth.
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“

If we are ever to solve our
mounting traffic problem,
the whole interstate system
must be authorized as one
project, to be completed
approximately within the
specified time”
– Dwight D. Eisenhower 1956

Flash forward to the current day and according
to the ATA American Trucking Trends 2020, in
2019 trucks using the Interstate Highway
System, as well as other freeways, highway and
roads, “moved 67.7% of surface freight
between the U.S. and Canada and 83.1% of
cross-border trade with Mexico, for a total of
$772 billion worth of goods crossing the
borders.” 6 It’s not just trucks that drive that
network of highways and byways, according to
new data released by the US Federal Highway
Administration. Drivers in cars, trucks, minivans
and SUVs put a record 3.24 trillion miles on the
nation's roads in 2018, up just over 9% from
2.97 trillion miles in 2010 7. The bottom line is
without the backbone of the Interstate Highway
System, the US economy would not have
enjoyed such powerful growth rates for
decades.
That network of highways, freeways, Interstate
Highways and the bridges, tunnels and roads
that connect them are the backbone of the
American transportation system similar to the
way the telephone, cable, fibre optic, undersea
network connections, wireless networks and the
chips, components and data centres that
support and enable them to form the global
digital infrastructure. That backbone supported
a global digital population of 4.57 billion active
internet users as of July 20208, up from 3.95
billion in June 2018.

For illustrative purposes only
Cisco Systems sees global internet traffic
growing 3.7-fold between 2017 and 2022, and
monthly internet traffic will rise to more than
350 exabytes per month, up from 96.0 EB per
month in 2017. To put that into perspective, that
350 exabytes per month equates to 1 trillion
DVDs per year, 88 billion DVDs per month, or
120 million DVDs per hour. By 2023, Cisco
Systems sees 5.3 billion internet users that will
have 3.6 networked devices each, up from 2.4 in
2018, which means there is a high probability
data traffic will continue to grow further, taxing
the digital infrastructure. Of that traffic, nearly
60% will be from WiFi, 21% wired, and more
than 20% in the form of mobile data, up from
9% in 2017.
The drivers behind this expected global growth
include increased consumption of content,
shopping, communicating, and transacting
across a greater number of devices;
smartphones, tablets, PCs, TVs, wearables,
smart speakers, cars, various home appliances
in the kitchen and bathroom and other Internet
of Things (IoT) applications are available on
wired and wireless networks.

6 “Trucking Freight Increases 3% Year-Over-Year, ATA Report Says” Available at https://www.ttnews.com/articles/truckingfreight-increases-3-year-over-year-ata-report-says
7 “Annual Vehicle Miles by Functional System” Available at
https://www.fhwa.dot.gov/policyinformation/statistics/2018/pdf/vm202.pdf
8 “Global digital population as of July 2020” Available at https://www.statista.com/statistics/617136/digital-populationworldwide/
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Source: Cisco Systems
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5G and future network advancements are
among the few cases that exemplify “build it
and they will come.” 5G will make immersive
experiences such as virtual reality (VR) and
augmented reality (AR) possible with more
uniform data speeds, lower latency, and lower
data transmission costs. 5G will make reliable
and protected remote control of mission-critical
infrastructure or vehicles possible. It will also
allow for a massive number of embedded
sensors to be in nearly everything, providing
seemingly endless opportunities to improve not
just user experiences with technology but also
our lives.
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For illustrative purposes only
Source: GSMA Intelligence
By 2025, according to GSMA Intelligence,
almost three-quarters of global internet users
will be mobile-based as global smartphone
adoption will increase to 80% from 63% (3.3
billion people) in 2018. The build-out of existing
networks will continue and the deployment of
newer network and backhaul technologies will
be imperative to handle the coming data
explosion.
Hands down, the biggest category of data
consumption will remain video. Video traffic
exploded in the mid-2000s, and by 2016 it
accounted for 12% of all data traffic. However,
by mid-2010, Cisco noted that internet video
had grown to over one-third of all consumer
internet traffic as network coverage and data
speeds improved, offering a more robust, more
TV-like experience.

Global IP video traffic is expected by Cisco
Systems to grow 4-fold from 2017 to 2022
reaching 325.4 exabytes per month by 2022, up
from 91.3 EB per month in 2017, roughly 82% of
all IP traffic by 2022. 9
There will be other categories as well driving
that data traffic, such as the connected car,
connected home, wearables, virtual assistants,
and the Internet of Things (IoT). As computing
and connectivity costs continue to fall in the
coming years, while average bandwidth speeds
increase, the combination will foster the
development of new devices and consumer
behaviours that will drive the creation and
consumption of more data.

9 “VNI Complete Forecast Highlights” Available at https://www.cisco.com/c/dam/m/en_us/solutions/service-provider/vniforecast-highlights/pdf/Global_2022_Forecast_Highlights.pdf
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Global Mobile Data Traffic
Traffic in exabytes per month
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For illustrative purposes only
Source: Statista 2020

Internet of Things
25 billion IoT devices globally expected in 2025

For illustrative purposes only
Source: Statista 2020
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All of that growing data traffic will test network
capacity, in some cases straining existing
networks with low bandwidth, high loss rate
issues, network coverage vs. network capacity
constraints as well as rough network handoffs.
These are some of the factors that lead to a
dropped call, frozen screen or even worse “No
Service” – an exceptionally frustrating
experience when trying to get work done or
when a streaming video drops just as you get to
a movie's cliff-hanger. In a world in which people
increasingly demand to be always connected,
capacity will have to expand to keep up with
expectations, and this is not limited just to

wireless networks, as outages from cable and
fibre networks aren’t exactly unheard of either.
In today’s world of cord cutters, service issues
and cost drive consumers to vote with their feet
when it comes to internet connectivity. In some
cases, network operators have little to no choice
given that copper networks are well past their
life expectancy and managing physically aging
networks leads to frequent outages with
expensive truck rolls. Usage issues also plague
other service providers like wireless ISPs
(WISPS), which was summed up rather nicely
by Alex Philips of the WISP Association.
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Mobile
technology
and the
promise of
5G

“

A customer used to have a 1.5 meg
connection and used it occasionally during the
day… Now they’re using it for hours—and in
some cases all day—it’s having a burden on
our network, requiring us to buy more
bandwidth.”
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•

According to GSMA Intelligence, between
2020-2025, mobile operators will invest
around $1.1 trillion worldwide in mobile
capex, excluding spectrum acquisitions,
with roughly 80% spent on 5G networks 10

•

By 2025, GSMA Intelligence forecasts 25.1
billion connected objects up from 10.3 billion
in 2018

•

5G handsets will generate almost $20 billion
annually in global royalties for intellectual
property (IP) holders in 2025, according to
Strategy Analytics.

•

The South Korean government targets 2026
as the year in which it will begin its 6G trials
with a stated goal of having that technology
and those networks commercially available
between 2028-203011

Much like the evolution of the US road system,
we have seen the global digital infrastructure
deploy new technologies to increase both

network speeds and capacity as businesses and
consumers have driven digital usage, clogging
the existing network in the process. What’s
different is the global nature of this buildout; as
more people have more devices chewing
through or generating more data, there is an
ongoing race for network operators and
broadband providers to boost the coverage and
quality of their network by backfilling in existing
technologies, such as 3G, 4G, cable, fibre and
related backhaul technologies, as well as
deploying new ones, such as 5G and gigabit
fibre, and in some cases changing their
technology strategy. An example of that last
point is found with Verizon (VZ), which after
halting its FiOS build out in 2010, is testing a 5G
network service for in-home wireless service – a
far more cost-efficient solution than laying fibre,
especially when data speeds rival FiOS wired
speeds (100 to 500 Mbps for FiOS vs. 300
Mbps to peak speeds of nearly 1 Gbps for 5G).

5G Dwarfs all of 4G’s Specs
Comparison of key performance specs of 4G and 5G networks

For illustrative purposes only
Source: Statista, June 2020
* Specs for LTE-Advanced, release 10-12. ** used to distribute the signal through the air
10 “The Mobile Economy 2020” Available at https://www.gsma.com/mobileeconomy/wpcontent/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
11 “South Korea plans to launch 6G trials in 2026” Available at https://www.broadcastprome.com/news/satellite/south-koreaplans-to-launch-6g-trials-in-2026/
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According to the Consumer Technology
Association, 5G data speeds could reach up to
10Gbps, which would make it possible to
download a two-hour movie in less than four
seconds versus six minutes on 4G. The higher
frequencies that make such speeds possible
also enable directional radio waves that can be
targeted. The 5G antennas, which will be able to
handle more users and more data, beam out
over shorter distances, which means we will
need more of them. Extra repeaters will need to
be installed across cities. We could see modems
and WiFi routers being replaced in the future
with 5G small cells to bring those 5G
connections into homes and businesses, which
could end up doing away with WiFi or wired
connections entirely in homes and offices.
Indeed, an emerging trend in current home WiFi

networks is a shift away from a single wireless
point to so called “mesh networks.”
Building out the 5G network comes with a hefty
price tag. According to the Heavy Reading
Mobile Operator 5G Capex report, spending on
5G globally will rise from $16 billion in 2020 to
$59 billion by 2022 and $88 billion by 2023.
According to data published by GSMA
Intelligence, between 2020-2025, mobile
operators will invest around $1.1 trillion
worldwide in mobile capex, excluding spectrum
acquisitions, with roughly 80% spent on 5G
networks 12. Some operators in the most
developed markets are upgrading their 4G
networks to faster speeds and lower latencies,
while 5G investment is still in its infancy.

Forecast Annual Global 5G Capex by Mobile Operators
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For illustrative purposes only
Source: Heavy Reading

12 “The Mobile Economy 2020” Available at https://www.gsma.com/mobileeconomy/wpcontent/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
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How 5G will spur unquenchable demand for use
and generation of data, driving additional digital
infrastructure spending
As these connective networks are built out, the
very usage of them will drive further demand for
greater and greater capacity. The greater the
capacity, the greater the demand for more in a
virtuous circle in which increased supply
generates incremental demand. These range
from data centres and the equipment they
house to new chips and components that power
and connect devices that will talk to existing and
next-generation networks.
•

•

•

Statista forecasts that by 2025 5G
smartphone shipments will reach roughly
1.5 billion worldwide, up from 2 million units
in 2019. 5G phones will need even more RF
semiconductors than 4G and drive even
great demand for chips that can
communicate with 5G and existing wireless
networks. 5G handsets will generate almost
$20 billion annually in global royalties for
intellectual property (IP) holders in 2025,
according to the latest research from
Strategy Analytics. (Illustrated in the chart
on next page)
IDC expects spending on off-premises cloud
IT infrastructure will grow at a five-year
compound annual growth rate (CAGR) of
10.8%, reaching $55.7 billion in 2022.
Network operators will spend $75 billion on
optical transport systems over the next five
years, predicts the Dell’Oro Group, driven by
rollouts of 5G mobile and next-generation
fixed broadband technologies and data
centre interconnect requirements.

•

•

•

Base station shipments are expected to
eclipse 20 million over the next five years,
according to the Dell’Oro Group, as carriers
support the mobile broadband usage, nextgeneration network deployments, and
support new applications including IoT,
Fixed Wireless Access, Public Safety, and
Enterprise, which are expected to increase
nearly fourfold over the 2018-2022 period.
The global Data Centre Deployment
Spending market is estimated to have hit
$168.54 billion in 2018 and is expected to
reach around $240.61 billion by 2025, a
CAGR of around 5.22% between 20192025. 13 This reflects the continued rise in
internet usage and breakthroughs in the IoT
along with the large-scale demand for new
data centres.
IoT sensors and other data streams will give
manufacturers new insights up and down
the supply chain, from customer demand
signals to their suppliers’ own internal
processes, however, they will require chips
and network capacity to do so. While IoT is
growing in consumer markets, such as
consumer electronics and smart home
devices, the industrial IoT segment will be
the largest source of growth going forward.
By 2025, GSMA Intelligence forecasts 25.1
billion connected objects (53% industrial)
up from 10.3 billion (41% consumer) in
2018. 14

“Global Data Center Deployment Spending Market Revenue Estimated Around USD 240.61 Billion By 2025” Available at
https://www.fnfresearch.com/news/data-center-deployment-spending-market-revenue-estimated-around
14
“IoT Connections Forecast: The Rise of Enterprise” Available at https://www.gsma.com/iot/resources/iot-connectionsforecast-the-rise-of-enterprise/
13

+44 (0) 203 794 1800
info@hanetf.com

15

For professional clients only

Forecast 5G-enabled smartphone unit shipments worldwide

For illustrative purposes only
Source: Statista, 2020
As newer connective technologies mature, we
will see a shift in what network operators are
buying. For example, in 2016 2G, 3G and 4G
wireless network infrastructure spending
reached $56 billion, but according to SNS
Research, 5G networks are forecast to account
for more than 80% of wireless network
infrastructure spending by the end of 2025. 15
According to Qualcomm, 5G’s full economic
effect will likely be realized across the globe by
2035 and will potentially enable up to $13.2
trillion worth of goods and services. The 5G
value chain, which includes OEMs, operators,
content creators, app developers, and
consumers could support up to 22.3 million
jobs, and over time, the total contribution of 5G
to global GDP is expected to be roughly
equivalent to a country the size of Italy, which
has the eighth largest economy in the world.

This finding implies continued growth in 5G well
past 2025, but given the long lead time in
developing subsequent technologies, it should
come as no surprise that we are already starting
to hear rumblings over the technical protocols
that will follow 5G. The Academy of Finland has
announced the funding of "6Genesis," an eightyear research program to conceptualize 6G
under the auspices of the University of Oulu's
Centre for Wireless Communications. Already
the South Korean government targets 2026 as
the year in which it will begin its 6G trials, with a
stated goal of having that technology and those
networks commercially available between
2028-2030. 16 These trials aim to achieve 1Tbps
in data transmission speeds, which amounts to
roughly five times faster than 5G and latency
reduction to one-tenth of current 5G services.
Much like the multi-decade evolution in the US
highway network, we have much road ahead of
us when it comes to improving the global Digital
Infrastructure backbone.

15 “The Mobile Economy 2020” Available at https://www.gsma.com/mobileeconomy/wpcontent/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
16 “South Korea plans to launch 6G trials in 2026” Available at https://www.broadcastprome.com/news/satellite/southkorea-plans-to-launch-6g-trials-in-2026/
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Connections growth 2017-2025
Millions

For illustrative purposes only
Source: GMSA Intelligence
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The chips that make digital connectivity happen
•
•

•

By 2025, Statista forecasts more than 2.7
billion mobile 5G subscriptions worldwide.
5G smartphone shipments are expected to
grow to 1.5 billion units by 2025 vs. just 2
million in 2019. 5G phones will need even
more RF semiconductors than 4G, drive
even great demand for chips that can
communicate with 5G and existing wireless
networks
Forecasts have the global RF semiconductor
market growing to $26.2 billion by 2025 up
from $17.4 billion in 2018, a compound
annual growth rate of 8.5%.

While there have been several devices that
connect to mobile networks, including PCs,
tablets, and wearables, the original big seller
was the mobile phone. While such a
rudimentary device can still be found if one
searches high and low, it has been replaced by
the ubiquitous, wondrous and highly addictive
smartphone. Smartphones don't just make calls
-- they are used increasingly to access the
internet, shop, chat, stream videos, interact on
social media, and access other services.

In 2019, smartphone shipments totalled 1.38
billion, down modestly from 1.41 billion in 2018
according to data published by IHS Markit 17, but
as we’ve seen in the past, the deployment of
next-generation networks that bring greater
data speeds tend to foster a smartphone
upgrade cycle. For context, at the end of 2019
GSMA found there were 5.175 billion unique
mobile subscribers across the globe. Just 2
million 5G phones were shipped in 2019
according to Statista, which sees roughly 77
million being shipped by the end of 2021. That
number is expected to explode higher in the
coming years as 5G networks start to light up
across the globe, reaching 1.5 billion units by
2025. But it’s not just smartphones that will be
spurring data consumption. From smart homes
to the smart grid and from industrial
applications to wearables, the number of
connected devices is rapidly proliferating.
Statista forecasts the number of 5G mobile
subscriptions will exceed 2.7 billion by 2025,
while IHS Markit Ltd. projects the Internet of
Things (IoT) market will grow from an installed
base of 15 billion units in 2015 to more than 75
billion units by 2025.

Forecast no. of mobile 5G subscriptions worldwide by region
Millions

For illustrative purposes only
Source: Statista, data as of 2020
“Smartphones dropped again in 2019 and now face coronavirus woes” Available at
https://www.fierceelectronics.com/electronics/smartphones-dropped-again-2019-and-now-face-coronavirus-woes
17
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We admit those are some aggressive and
exponential growth forecasts, but they hinge on
the seemingly unquenchable thirst for
connectivity and data that will only continue to
grow with 5G’s quicker data speeds, greater
network bandwidth capacity, and lower latency.
Findings from Deloitte Insights seem to confirm
the expected consumer uptake in 5G:
•

•

•

•

•

67% of consumers said they would be more
likely to upgrade to a 5G-compatible
smartphone when 5G becomes available 18;
62% of consumers said they will likely
replace their home internet with 5G Wi-Fi
service;
More than 40% of Gen Z consumers said
they will play more mobile video games with
5G;
Nearly 35% of Gen Z and millennials said 5G
would change how they use augmented
reality and virtual reality (AR/VR);
62% of home automation users rank 5G's
potential to offer better connectivity in the
home as one of the top three capabilities
likely to drive them to use 5G.

Here’s the thing: In order for all of those devices
to connect to a mobile network they will need RF
semiconductors, which perform tasks such as
amplifying and filtering wireless signals. That
market is slated to explode in the coming years.
Forecasts have the global RF semiconductor
market growing to $26.2 billion by 2025 up from
$17.4 billion in 2018, a compound annual growth
rate of 8.5%.
There are two key drivers of that forecasted
growth rate – first is the sheer volume of
devices that use semiconductors and the
second is the greater number of RF
semiconductors needed per 4G or 3G device.
The reason for that greater RF content per 5G
device is twofold in that not only do those

devices need to be backward compatible, as we
mentioned above, but they also need to connect
to the 5G networks that are utilizing different
frequency bands.
As a result, a 5G smartphone will need to be
able to connect across 30 frequency bands
compared to 15 with a 4G smartphone, which
means a significantly greater number of filters,
switches, and power amplifiers are needed. All
told, RF semiconductor content is expected to
reach $25 per 5G smartphone compared to $18
for a 4G model and $8 for a 3G one. For the
trivia buffs out there, a basic 2G mobile phone
contained just $3 in RF semiconductor content.

5G Set to Beat Adoption
Record for New Tech
5G
4G
3G
Interent
Smartphones
Online Banking
Debit Cards
0

15

30

45

Number of years to reach one billion users

For illustrative purposes only
Source: Statista, 2020
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“Deloitte survey: Connectivity cravings drive consumer appetite for 5G, home automation, and more control of personal data”
Available at https://www2.deloitte.com/us/en/pages/about-deloitte/articles/press-releases/deloitte-launches-connectivitymobile-trends-survey.html
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Front end value per device

For illustrative purposes only
Source: Skyworks
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A word on the
connected car,
better known as
a data centre on
wheels
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5G is thought to bring an opportunity with even
greater need for RF semiconductors – the
Connected Car. While we are still at least a few
years away from autonomous cars being
unleashed on local roads and autonomous
semi-trucks on highways, infotainment,
telematics, and real-time monitoring
applications are expected to result in $50 worth
of RF semiconductors per car by 2024. Similar
to the smartphone market, there are
semiconductor dollar content per unit and
volume drivers at work. According to the 5G
Automotive Association, today connected cars
account for roughly 12% of all vehicles on the
road and by 2021 they are projected to make up
more than one-third. By 2024, it’s estimated
that more than 70% of cars will ship with
cellular connectivity. This will result in an
explosion in demand for data and the
associated digital infrastructure given
expectations for data flow to explode to 1 TB of
data per vehicle per month by 2025. 19

Wireless technology
and IP licensing
•

•

•

5G handsets are expected to generate
almost $20 billion annually in global
royalties for intellectual property (IP)
holders in 2025, according to Strategy
Analytics. 20
The buildout of 5G and beyond will
dramatically expand the addressable
market for mobile technology beyond the
smartphone, opening up new markets for
wireless IP licensing business models.
With South Korean government targeting
6G trials by 2026 and commercial
deployments in 2028-2030, standards and
IP development for this next-next
generation wireless technology are already
underway. 21

The expanding digital ecosystem that will foster
digital infrastructure and connective demand
has been made possible by companies that
have made enormous investments in developing
and manufacturing core wireless
communications technologies. When we dig
deeper, we find that at the heart of this mobile
and digital backbone disruption is a series of
technological innovations in wireless technology
standards. It’s these protocols that allow for
networks and devices to function as firms must
develop standards-compliant products if they
are to be of use to customers. To date, those
products have included mobile devices, such as
cellular phones, tablets, notebook computers,
and wireless personal digital assistants; wireless
infrastructure equipment, such as base
stations; components, dongles and modules for
wireless devices; and Internet of Things (IoT)
devices and software platforms.
Because of the way these wireless standards
are developed, a wide variety of companies both
collaborate and compete with one another as
they seek to develop the winning standards.
Arguably the holy grail in developing new
wireless technology standards, such as 4G LTE
or now 5G and eventually 6G, is for a firm to
develop “essential patents” that are core to the
technology. As mobile operators and device
companies build out networks and devices, the
value tied to those essential patents increases
dramatically.
Some companies develop these technologies
for in-house use, while some look to license
their intellectual property to others so as to
monetize their investment, and some do both.
Examples of such companies run the gamut
from Qualcomm (QCOM), InterDigital (IDCC),
and Nokia (NOK), while others either through
internal development or the acquisition of IP
include Samsung (OO5930:KS), LG Electronics
(066570:KS), Apple, Alphabet (GOOGL),
Ericsson (ERIC), Alcatel Lucent (ALU), Huawei,
ZTE Corp. (000063:CH), and Intel (INTC).
Some, such as Qualcomm and InterDigital, look

19 BizTechReports, “5G Networks Promise Substantial Opportunities for Autonomous Vehicle Networks, Gartner Says,” Available
at https://www.biztechreports.com/news-archive/2018/7/2/5g-networks-promise-substantial-opportunities-for- autonomousvehicle-networks-gartner-says
20 “Strategy Analytics: 5G Phone Royalty Payments to Generate $20 Billion in 2025” Available at
https://www.businesswire.com/news/home/20180830005532/en/Strategy-Analytics-5G-Phone-Royalty-Payments-toGenerate-20-Billion-in-2025
21 “South Korea to launch 6G pilot project in 2026: Report” Available at https://www.rcrwireless.com/20200810/asiapacific/south-korea-launch-6g-pilot-project-2026-report
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to monetize their patent portfolio strive to enter
license agreements, primarily with device
manufacturers on a variable royalty basis, while
others are structured on a fixed-fee basis or a
combination between the two.
As the 2019 InterDigital 10-K with the Securities
Exchange Commission spells out a fixed fee
agreement “can include paid-up licenses for a
period of time, for a class of products, for a
number of products sold, under certain patents
or patent claims, for sales in certain countries or
a combination thereof. Licenses become paid-

22
up based on the payment of fixed amounts or
after the payment of royalties for a term.” A
variable agreement depends on the sales of
products incorporating or using a company’s
licensed intellectual property with such royalties
generally based upon a percentage of the
wholesale selling price. Some, such as
Qualcomm, provide per-unit royalty caps that
apply to certain categories of complete wireless
devices, namely smartphones, tablets, laptops,
and smartwatches, and provide for a maximum
royalty amount payable per device.
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This IP licensing business model is not very
capital intensive but is highly lucrative given the
substantial margins associated with it. For
example, the operating margins associated with
Qualcomm’s licensing business ranged from
64% to 80% over the 2017-2019 period,
comprising more than half of the company’s
overall operating profit during that period. In the
first half of this year, Nokia’s Nokia
Technologies operating margin was 83%, flat
with the same period in 2019, and the business
generated 64% of Nokia’s operating profit for
the first six months of 2020. As a result, we’ve
seen IP licensors look to expand their IP war
chest through acquisitions, while in some cases
licensees are looking to shore up their IP
position and minimize their licensing costs.
Perhaps the greatest example of the latter was
had in 2011 when a consortium Apple,
BlackBerry (BB), Microsoft (MSFT), Ericsson,
Sony (SNE), and EMC, which is now owned by
Dell Technologies (DELL), agreed to buy more
than 6,000 patents covering key
telecommunications technologies, from Internet
services to wireless data networking from
bankrupt Nortel Corp. for $4.5 billion. 22
The buildout of 5G and beyond will dramatically
expand the addressable market for mobile
technology beyond the smartphone, its primary
volume market. Some examples include
connected vehicles (telematics, in-vehicle
entertainment, semi-and autonomous driving),
smart grid management, public video
surveillance and security, VR and cloud gaming,
and other industrial applications. This in turn
opens up new markets for wireless IP licensing
business models and augments existing
revenue streams for wireless IP licensors. This
new class of connected devices will generate
additional forms of data traffic that will likely
drive network capacity utilization levels even
higher, resulting in the need for further digital
infrastructure expansion.

5G handsets alone are expected to generate
almost $20 billion annually in global royalties for
intellectual property (IP) holders in 2025,
according to Strategy Analytics 23. By 2026, the
South Korean government expects to conduct
6G trials with the goal of 1Tbps in data
transmission speeds, which amounts to roughly
five times faster than 5G and latency reduction
to one-tenth of current 5G services 24. Odds are
this will drive demand for forthcoming
applications, and open up the potential for
brand new ones, fuelling the digital
infrastructure virtuous circle and IP
development along the way.
As one might expect, one of the hurdles,
particularly as these new markets go online, is
the negotiation process between the IP licensor
and prospective licensees that may be utilizing
the licensors technologies and patents. In some
cases, negotiations may be straightforward,
while in others they can become quite
contentious and lead to litigation. For example,
in 2018 Broadcom (AVGO) settled out of court
with Volkswagen AG (VLKAY), ending a billiondollar patent lawsuit that centred on 18 of
Broadcom’s patents that Volkswagen allegedly
used in the navigation and entertainment
systems for several of its car models 25.

22
“Consortium led by Apple buys Nortel’s patents for $4.5 billion” Available at https://fortune.com/2011/07/01/consortium-ledby-apple-buys-nortels-patents-for-4-5-billion/
23 Strategy Analytics: 5G Phone Royalty Payments to Generate $20 Billion in 2025” Available at
https://www.businesswire.com/news/home/20180830005532/en/Strategy-Analytics-5G-Phone-Royalty-Payments-toGenerate-20-Billion-in-2025
24 “South Korea to launch 6G pilot project in 2026: Report” Available at https://www.rcrwireless.com/20200810/asiapacific/south-korea-launch-6g-pilot-project-2026-report
25 “Report: VW, Broadcom end $1B patent lawsuit with settlement” Available at
https://www.spglobal.com/marketintelligence/en/news-insights/trending/pcgcjjcq3nkntocny-st_w2
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In 2020 Nokia won a court ruling for a patent
dispute with Daimler AG (DDAIF) because the
court found that Daimler wasn’t willing to abide
by existing rules for so-called essential patents.
We agree that the court’s ruling goes to the
heart of how technology must be licensed for
the mobile-telecommunication systems that are
standard features in most modern cars. We also
suspect Daimler will appeal, and that ultimately
some deal between the two companies will be
struck 26.
Given the implications for not only incremental
revenue streams for the IP licensor, but also at
least a nudge higher in costs for the licensee,
wireless IP licensing developments are ones to
watch as they will point to new and incremental
markets that will drive data creation and
consumption and therefore data infrastructure
and connectivity demand.

5G another step in the
evolution of
infrastructure
As much as the rollout of 5G represents a
significant increase in the connective
capabilities of networks and devices, it is “just”
another step in the evolution of global data
network infrastructure. As newer and faster
connections allow more people to create and
consume data globally, this drives the
development of incremental capacity and fuels
the adoption of newer technologies that will
ripple through the digital infrastructure
ecosystem, creating further demand for
capacity in a virtuous expansive circle. It is this
ongoing virtuous cycle that represents the longterm opportunity we see in this space with
companies that enable the ever-growing
consumption of streaming content, the
creation, storage and transmission of data,
ecommerce and connectivity across a growing
number of devices around the world.

26 “Daimler loses ruling in German patent dispute with Nokia” Available at https://europe.autonews.com/automakers/daimlerloses-ruling-german-patent-dispute-nokia
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Digital Infrastructure and Connectivity UCITS
ETF
With almost 5 billion people connected to the
internet in 202027 (a majority of the world’s
population), continuous access to digital
information and communication is in growing
demand.
This trend towards digitization and virtual
communication will only accelerate as a larger
share of commerce and human interaction
continues to move online, particularly in critical
areas such as banking, commerce, education,
government services, entertainment and
healthcare.
In 2020, Quikro has partnered with Tematica
Research and HANetf to launch the Digital
Infrastructure and Connectivity UCITS ETF
(ticker: DIGI)

27

This revolutionary ETF
captures the companies
that enable the digital
applications of today and
those that will redefine
how people work, live and
play tomorrow. It provides
exposure to the explosive
growth of the digital
infrastructure virtuous
cycle of expanding data,
applications, and
bandwidth that drives
exponential network
growth and development
of new technologies.

Source: GSMA Intelligence
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Digital Infrastructure & Connectivity UCITS ETF
follows the Tematica BITA Digital Infrastructure
Index developed by US-based Tematica
Research comprising 80+ publicly listed global
equities active within digital infrastructure
sector.
Within the sphere of digital infrastructure, six
major sub-sectors have been identified from the
journey of data as it travels from storage to enduser. These are:

•
•
•
•
•
•

Digital Infrastructure & Connectivity UCITS ETF
provides investors with an opportunity to take a
long-term view on all six of these sub-sectors at
once. It is the first ETF of its kind to track digital
infrastructure and connectivity in this way.
The ETF is domiciled under the Ireland UCITS
regime with listings on the London Stock
Exchange (Ticker: DIGI), Börse Frankfurt, and
Borsa Italiana.
When you trade ETFs your capital is at risk.

Data centres
Data networks
Digital connectivity
Digital transmission
Digital processing
Digital services and intellectual
processing
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Why Invest?
Exposure to digital
megatrends
Global internet traffic is expected to grow 370%
by 2022 according to Cisco Systems as the
number of users, devices per user, and data per
device all increase 28. The roll-out of 5G, cloud,
internet of things and other disruptive
technologies will dramatically accelerate the
trends of digitalisation and virtual
communication. With that arises a growing need
for digital infrastructure and connectivity to
support the immense amount of data flowing
between them.

A unique investment
proposition
DIGI offers investors access to a basket of
companies that spans data centres, networking
equipment and related hardware,
corresponding essential services and IP focused
companies.

The unique, transparent, rules based Tematica
BITA Digital Infrastructure and Connectivity
Index (TBDIGI) is broader than other digital
segments such as 5G or telemedicine. It seeks
to identify those companies that will benefit
from the explosive growth in data traffic across
all digital segments as next-generation
connective technologies roll out, resulting in
ever-increasing demand for better digital
infrastructure and connectivity solutions.

Potential returns
The performance of TBDIGI Index returned
40.87% over the last 12 months 29.
Past performance is no guarantee of future
performance.

Risks of investing
As with all investments you should be fully aware of the risks of trading ETFs:
•
•
•
•
•

Thematic ETFs are exposed to a limited number of sectors and thus the investment will be
concentrated and may experience high volatility
When you trade ETFs, your capital is fully at risk
Past performance is no guarantee of future performance
Exchange rate fluctuations can have both positive and negative effects on returns
Further risks are disclosed in the KIID and prospectus

For a detailed list of risks, please consult the KIID and prospectus

“VNI Complete Forecast Highlights” Available at https://www.cisco.com/c/dam/m/en_us/solutions/service-provider/vniforecast-highlights/pdf/Global_2022_Forecast_Highlights.pdf
29
Source: BITA, as of 30.09.2020
28
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Tematica Bita Digital Infrastructure and Connectivity Index (NTR)
Performance
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Backtested performance from 12/18/2009-08/30/2020.
Live performance from 08/31/2020- 9/30/2020
Performance before inception is based on back tested data. Back testing is the process of evaluating an
investment strategy by applying it to historical data to simulate what the performance of such strategy would
have been. Back tested data does not represent actual performance and should not be interpreted as an
indication of actual or future performance. Past performance for the index is in USD. Past performance is not
an indicator for future results and should not be the sole factor of consideration when selecting a product.
Investors should read the prospectus of the Issuer (“Prospectus”) before investing and should refer to the
section of the Prospectus entitled ‘Risk Factors’ for further details of risks associated with an investment in this
product.
Source: Tematica. Data as of 30 September 2020

Trading Information
Bloomberg
Code

RIC

ISIN

SEDOL

Currency

TER

London Stock Exchange

DIGI LN

HADIGI.L

IE00BL643144

BJP4Y29

USD

0.69%

London Stock Exchange

PIGI LN

PIGI.L

IE00BL643144

BJP4Y18

GBP

0.69%

Deutsche Boerse Xetra

DIGI GY

DIGI.DE

IE00BL643144

BMW4W85

EUR

0.69%

Borsa Italiana

DIGI IM

DIGIT.MI

IE00BL643144

BMW4W74

EUR

0.69%

Exchange
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About Quikro

Quikro Ltd is an investor in the financial services industry. Its purpose is to sponsor the launch and
development of innovative exchange-traded funds (ETFs) listed primarily in Europe. Quikro’s ETFs aim
to outperform the broader market by employing novel alpha-seeking investment strategies structured
around long-term defensible tailwinds whether economic, demographic, social or otherwise. Quikro
does not sponsor any ETFs unless they are unique and follow an investment thesis not easily accessible
through other ETF providers. Quikro is mindful of the importance of sustainable, responsible investment
and believes that underlying entities that take Environmental, Social and Corporate Governance (ESG)
represent better long-term investments for its ETFs.

About Tematica

Tematica Research is an independent investment research firm focused on the development of
thematic investment indices through a top-down (global macro) and bottom-up (industry and company
fundamentals) approach.
This approach to thematic investing identifies the structural changes and pain points that arise from the
intersection of evolving demographics, psychographics, technology, economics, and public policy.
These changes and pain points result in pronounced secular market shifts that shape and impact
behavior, forcing companies to make fundamental changes to their businesses to succeed.

About HANetf

HANetf is an independent ETF specialist founded by two of Europe’s leading ETF pioneers, Hector
McNeil and Nik Bienkowski, to challenge conventional approaches to ETF product development and
create distinctive opportunities for investors. HANetf’s UCITS ETF range is the result of close
collaboration with leading asset managers that leveraged HANetf’s full-service white-label ETF platform
to simplify the setup, launch and distribution of their investment ideas.
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Important Information
Communications issued in the European Economic Area (“EEA”)
The content in this document is issued by HANetf Management Limited (“HML”) acting in its capacity
as management company of HANetf ICAV. HML is authorised and regulated by the Central Bank of
Ireland. HML is registered in Ireland with registration number 621172.
Communications issued in the UK
The content in this document is issued by HANetf Limited (“HANetf”), an appointed representative of
Mirabella Advisers LLP, which is authorised and regulated by the Financial Conduct Authority (FCA
FRN 606792). HANetf is registered in England and Wales with registration number 10697042.
This communication has been prepared for professional investors, but the Exchange Traded Funds
(“ETFs”) set out in this communication may be available in some jurisdictions to any investors.
Please check with your broker or intermediary that the relevant ETF is available in your jurisdiction
and suitable for your investment profile.
Past performance is not a reliable indicator of future performance. The price of the ETFs may vary
and they do not offer a fixed income.
This document may contain forward looking statements including statements regarding our belief or
current expectations with regards to the performance of certain assets classes. Forward looking
statements are subject to certain risks, uncertainties and assumptions. There can be no assurance
that such statements will be accurate and actual results could differ materially from those anticipated
in such statements. Therefore, readers are cautioned not to place undue reliance on these forwardlooking statements.
The content of this document does not constitute an investment advice nor an offer for sale nor a
solicitation of an offer to buy any product or make any investment. An investment in an exchange
traded product is dependent on the performance of the underlying asset class, less costs, but it is
not expected to track that performance exactly. The ETFs involve numerous risks including among
others, general market risks relating to underlying adverse price movements in an Index or
underlying asset class and currency, liquidity, operational, legal and regulatory risks.
The information contained on this document is not, and under no circumstances is to be construed
as, an advertisement or any other step in furtherance of a public offering of securities in the United
States or any province or territory thereof, where HANetf ICAV or their ETFs are authorised or
registered for distribution and where no prospectus of HANetf ICAV has been filed with any
securities commission or regulatory authority. No document or information on this document should
be taken, transmitted or distributed (directly or indirectly) into the United States. HANetf ICAV, nor
any securities issued by it, have been or will be registered under the United States Securities Act of
1933 or the Investment Company Act of 1940 or qualified under any applicable state securities
statutes.
HANetf ICAV is an open-ended Irish collective asset management vehicle issuing under the terms in
the Prospectus and relevant Supplement approved by the Central Bank of Ireland (“CBI”)
(“Prospectus”) is the issuer of the ETFs. Investors should read the current version of the Prospectus
before investing and should refer to the section of the Prospectus entitled ‘Risk Factors’ for further
details of risks associated with an investment in the ETFs. Any decision to invest should be based
on the information contained in the Prospectus.
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