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| What is the Student Venture Fund?

The Student Venture Fund (“SVF”) at the University of Waterloo provides hands-on training in venture
capital investing with guidance from industry experts and supervision by faculty members. Students
have the opportunity to make investment recommendations by conducting financial and commercial
due diligence on product-market fit, growth potential, and management team.

The SVF Technology Review is a thought leadership initiative allowing SVF members to share our
insights on emerging technologies and facilitate cross-faculty discussions on entrepreneurship,
technology, and finance. In the first issue in the winter 2019 term, we discussed neurotechnology.

| Executive Summary

e 5G is the fifth generation of mobile broadband allowing data to be transmitted at 10-
20Gdbp, which is 100x faster than 4G technology

» This expands existing capabilities, such as faster downloads, and creates new
applications, such as loT robotic surgery

e Established enterprises in telecom, device and infrastructure are investing in 5G

» 5G will not displace 4G immediately, as adoption is slowed by several bottlenecks such
as infrastructure requirements

| History of 5G Technology

fon
&

1G 2G

o |96

Analog voice Digital Voice Mobile LTE
Broadband
@ @ @ @ @

1980s 1990s 2000s 2010s 2020s



https://uwaterloo.ca/school-of-accounting-and-finance/undergraduate/student-venture-fund

UNIVERSITY OF WATERLOO

e , STUDENT VENTURE FUND

| History of 5G Technology

“Toue opames

1G 1980s <« Voice only
* Maximum speed of 2.4Kbps

2G 1990s < Short messaging service (“SMS”) & multimedia messaging service
(“MMS”)
» Call and text encryption
e Transition from analog to digital
* Maximum speed of 1Mbps

3G 2000s < Mobile broad band
» Video calling and mobile internet access
e Maximum speed of 2Mbps

4G 2010s + Gaming services, HD mobile TV, video conferencing, 3D TV
« LTE (long-term evolution) increases channel speed and stability; LTE-A is
a more advanced version of LTE
e Most cell phone models support both 4G and 3G technologies
e Maximum speed of 1Gbps

5G 2020s <+ Download and upload Ultra HD and 3D video
« Enables the connectivity of I0T devices allowing remote control of
vehicles such as cars and drones
« Creates new applications like robotics surgery
e Maximum speed of 10-20Gbps

| How Does 5G Work?

Think of cell phones as two-way radios: when you call a friend, your
voice is converted into an electrical signal that is transmitted to the
nearest cell tower via radio waves, bounced through a network of cell
towers, and reaches your friend’s phone. The same thing happens

when you send other forms of data, such as photos and video. Shorter wavelength

Typically, new mobile wireless technologies are assigned a higher

radio frequency. For example, 4G occupied frequency bands below : :
6GHz while 5G occupies the 30-300GHz range. Higher frequencies
require greater bandwidth due to shorter wavelengths, allowing more

data be sent in less time. However, higher frequency signals cannot
travel as far, so multiple input and output antennas are needed to

) . Longer wavelength
boost signals where 5G is offered. g g
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| Enhanced Capabilities of 5G Technology

1. Faster speeds
@ * Downloading an HD movie takes seconds with 5G technology, vs. 10

minutes for 4G LTE

2. Lower latency

* Latency is the response time between a user request and action
being taken by a simple function, application, or machine

* Reduced latency decreases lag and improves streaming applications
like online gaming, video calling, and interactive live sports

* The manufacturing sector can create products at lower costs, which
will be a key factor in applications including autonomous vehicles,
smart grid management, and remote healthcare

3. Increased connectivity

((( ))) * The greater capacity offered by 5G will allow support for more
devices and more data-intensive tasks, such as IoT devices in smart
cities

Enhanced Mobile Massive Internet of Ultra-Reliable, Low-
Broadband Things Latency Communications
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5G Impact
| p

Increasing data traffic

* Increasing adoption of HD music and video streaming and cloud-native applications
creates exponential growth in data traffic

» Per Cisco, mobile data usage growth alone is expected to increase from 7 to 49 Exabyte
by 2021, representing a 47% CAGR from 2016-21

» 5G can provide the bandwidth needed, which increases the importance of building the
infrastructure via small cell network densification

Internet of things

e Currently, all four major US mobile operators are involved with smart city projects ranging
from public transit, water management, and street lighting

» Along with smart cities, projects related to smart homes and smart buildings are also being
taken on, which will increase the demand for the 5G technology

Robotics surgery

» A doctor can eventually use VR goggles to perform surgery remotely through instant
haptic feedback

» Ericsson (Sweden telecommunications company) and King’s College in London have
showcased this application at the Mobile World Congress in Barcelona

| Companies Investing in 5G

Operators, equipment manufacturers, and device manufacturers are all investing in 5G
technology to capitalize on mass adoption by consumers.
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Equipment Providers in 5G Technology

Nokia

Has invested 21.2% of total revenues towards R&D in 5G technology
Vitell and Nokia broadcasted the first end-to-end 5G network in Ho Chi Minh City, Vietham
Has confirmed 42 commercial deals for 5G technology across the world

Federal government has announced $40 million for Nokia to conduct research on 5G
wireless technology in Canada

Ericsson

Has invested 17% total revenues towards R&D in 5G technology

Rogers announced a multi-year 5G network plan working with Ericsson to deliver the 5G
wireless technology to Canadians subscribers

Ericcson technology has enabled ENCQOR 5G to roll out Canada’s first publicly accessible
5G mmWave service

Collaborating with NVIDIA to build virtualized 5G radio access networks (RAN)
Bharti Airtel’s (Airtel) Core network will deploy Ericsson’s 5G-Ready Cloud Packet Core

Huawei

Has invested 15% of total revenues towards R&D in 5G technology

Huawei is further along in the development of 5G than other companies and has plenty of
existing infrastructure around the world, in terms of pre-existing 4G networks and in the
groundwork for 5G

This has an impact on 5G rollout because Huawei makes a lot of relatively affordable
networking infrastructure needed for 5G

NOKIA ? g@

ERICSSON HUAWEI
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| Start-up Companies Leveraging 5G Technology

Peraso Technologies
» Location: Toronto (University of Toronto)

» Product/Service: Developed semiconductors for 60 GHz band that
allows more data to be pushed through wireless hotspots for
P E R AS O applications

* Founder: Sorin Voinigescu
e Year: 2009
* Funding: Raised over $110.0 million USD

Arralis
+ Location: Ireland

* Product/Service: Developed world-leading radio frequency, micro
and mmWave technology

Arralis » Founders: Barry Lunn, Mike Gleaves
* Year: 2013
e Funding: €52.3 million Euro

Movandi
¢ Location: California

» Product/Service: BeamXR — allows for ultimate 5G performance
through more coverage and lower latency, increased gigabyte

@ mOVQndi hotspots and cost advantages

* Founders: Reza Rofougaran, Maryam Rofougaran
* Year: 2016
* Funding: $29.7 million USD

| Recent Deals

» July 2019: Communitech and Rogers have announced a three-year partnership that will
see the organizations open a 5G innovation lab in Kitchener-Waterloo

» September 2019: Xplornet acquires spectrum to build 5G network for rural Canadians
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| Canada’s 5G Spectrum Auction on April 10", 2019

The Canadian treasury received a total of nearly $3.5B from auctioning 104 licences to
Canada's wireless networks

Rogers invested $1.7B to enable 5G deployment in urban, suburban and rural
communities, which is equivalent to $1.71 per MHz/POP? to acquire 52 of 64 of the 600
MHz spectrum licenses available to the company

BCE Inc., Canada’s largest telecommunications provider, did not win a single licence
Telus spent $931.2MM for 12 licences

Freedom Mobile spent $492MM for 11 licences in its territories

Quebecor Inc’s Videotron spent $255.8MM

The rest of the licences went to smaller companies including Bragg (Eastlink), TBayTel,
SaskTel and Xplornet

| Other Considerations

Health effects

Higher data volumes will be transferred over 5G networks using higher frequency fields,
which penetrate human tissue, which may cause heatstroke and burns depending on the
exposure duration, frequency, and temperature increase

The WHO IARC classified radiofrequency electromagnetic fields (RF-EMF) as a potential
human carcinogen

However, there has been no conclusive evidence supporting adverse health effects due
to long-term exposure to high-frequency fields below the thermal threshold

-

1. the amount of bandwidth passing one person in the coverage area in a spectrum licence
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