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“
The only way to 
do great work, 
is to love what 

you do.
- Steve Jobs -
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CEO
Spencer Powers

Core Tech
Transparent Display
Technology

Industry
Nanotechnology

Location
Greater Boston Area,
East Coast,
New England
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Industry
Nanotechnology

Location
Greater Boston Area,
East Coast,
New England

Spencer Powers Dr. Yichen Shen Dr. Marin Soljacic
Co-Founder, CEO Co-Founder, Board Member Co-Founder, Board Member

About
Lux Labs was founded by a group of MIT professors and students who aim to bring 
laboratory innovations to the real-world. After many years of R&D, we’re proud 
to reveal ClearBright™ transparent display. If you have any technical questions or 
ideas for new concepts.

How it works
Using a proprietary nanoparticle formulation ClearBright™ scatters light in all 
directions to allow 360 degree viewing. Since black light appears transparent, 
videos set to a black background appear to float in thin air.

Source: https://luxlabsdisplays.com

Seed

Since 2017

Early Stage Middle Stage Late Stage
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“
When I was a little kid I was really scared of 
the dark. But when I came to understand, 
dark just means the absence of photons in 
the visible wavelength - 400 to 700 nano-
meters. Then I thought, well it’s really sil-
ly to be afraid of a lack of photons. Then I 

wasn’t afraid of the dark anymore
after that.

- Elon Musk -
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CEO
Alexandre Hadade

Core Tech
AI-Powered
Solution

Industry
AI, Big Data,
E-Commerce, Internet

Location
San Francisco Bay Area, 
Silicon Valley
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Alexandre Hadade
CEO

About
Birdie was created in 2018 with the purpose of amplifying the voice of consumers 
in their relationship with brands, allowing companies to improve their customers’ 
shopping and consumption journey. 

To achieve that, we generate practical insights about consumers’ experience with 
products, brands and sales channels during their buying journey, helping our
clients make business decisions based on the voice of customer.

Our most valuable asset, our team, is growing and is distributed across different 
places like Palo Alto, Miami, São Paulo, São Carlos, Florianópolis, and other cities.

How it works
Birdie analyzes the sources that most influence your customers. We extract, clean, 
and structure all the useful data, generating real-time actionable product insights 
that allow you to develop better marketing and product strategies.

Source: https://insights.birdie.ai

Seed

Since 2018

Early Stage Middle Stage Late Stage

Industry
AI, Big Data,
E-Commerce, Internet

Location
San Francisco Bay Area, 
Silicon Valley
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“
People who come up with “it may 
not work“ or “what are we going 
to do if it fails?“ do not have the 
credentials to be businessmen. If 
there is only a 1% chance of suc-

cess. A true business person sees 
that 1% as a spark to light a fire.

- Kim Woo-Jung -
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CEO
Ned Lerner

Core Tech
Live Streaming Service

Industry
Communities, eSports,
Events, Online Games, 
Social Media, Sports,
Video Streaming

Location
San Francisco Bay Area
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Ned Lerner
CEO

About
Talk and Watch Together.

Voice chat while watching games, shows, movies, streams, and YouTube!
Hearo.Live lets you talk with friends and fans side by side as you watch videos.

How it works
Talk, Watch, Laugh, and cheer together! See what your friends are watching and 
tap to join them! Create your own watch party!… and invite all of your friends !

Source: https://hearolive.com

Seed

Since 2017

Early Stage Middle Stage Late Stage
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The Future of 
Together
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“
If your dreams don’t 
scare you, they are 

too small.
- Richard Branson -
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CEO
Thomas Wollenberger

Core Tech
Hydroponics,
loT

Industry
Smart Garden

Location
Santa Cruz, CA
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Thomas Wollenberger
Founder & CEO

About
Aeroasis is a Santa Cruz based IoT startup revolutionizing the way people grow 
food and medicine for personal consumption. Aeroasis mission from day 1 has 
been to empower people to grow in new ways at home, work, school, and beyond. 
With advanced in-house R&D capabilities, Aeroasis has been at the forefront of 
the hydroponic smart garden movement for over 5 years, and continues to design 
new and exciting ways to grow indoors.

How it works
• Fully automated & climate controlled
• App connected for remote control and monitoring
• Modular attachments for expanded capabilities
• Built in camera for remote viewing
• Inter-lighting for consistent canopy light coverage
• Carbon filtration for odor control

Website: https://www.aeroasis.com/

Seed

Since 2015

Early Stage Middle Stage Late Stage

Industry
Smart Garden

Location
Santa Cruz, CA
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“
Everything - negative, 
pressure, challenges, 
are all an opportunity 

for me to rise.
- Kobe Bryant -
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CEO
Stuart Mugleston
Fetzer

Core Tech
Nanotechnology

Industry
Consumer & Wellness

Location
Utah
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Stuart Fetzer
Founder & CEO

About
Kailo is revolutionizing the health and wellness industry with the world’s first 
bio-antenna for pain relief. Kailo’s patented technology uses nanocapacitors to 
“turn off” your pain like a light switch – providing natural relief, anywhere on your 
body, in seconds.

How it works
Kailo interacts with the body’s electrical system. Each patented Kailo™ contains 
billions of charged nanocapacitors that work as a bio antenna, assisting the body 
in clear communication and reducing the signals that cause pain. Kailo supports 
healthy communication in the nervous system, reducing or eliminating pain.
 
• Kailo has hundreds of applications. Quickly turn off pain in your head, neck, 

shoulder, back, knee, hand, foot, and more. 
• Correctly place Kailo wherever you feel pain and watch it disappear almost 

immediately.
• Unlike drugs, the Kailo patch is non-transdermal (which means no chemicals or 

medicine enters your body) and is made with 100% natural occurring elements.

Website: https://gokailo.com/

Seed

Since 2018

Early Stage Middle Stage Late Stage

Industry
Consumer & Wellness

Location
Utah
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“
The work of a team 

should always embrace 
a great player but the 

great player must
always work.

- Sir Alex Ferguson -
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CEO
Yuliya Raquel

Core Tech
AI

Industry
AI, Fashion

Location
San Mateo, CA, 
United States



29

Yuliya Raquel
Founder & CEO

About
COUTURME is AI-powered custom dress designer online, starting with bridal and 
formal gowns.

How it works
1. Fill out a short questionnaire with your AI stylist assistant. 

2. Survey a number of styles selected based on your answers. 

3. Re-design. Change the neckline, sleeve length, skirt length, or even change the 
waistline positioning to create an entirely different design.  

4. Give your AI tailor your measurements. 

5. A perfectly fitting pattern in minutes. 

6. Your pattern is sent to a factory  where it is made in the fabrics you selected. 

7. Your design is flown back to you.
Website: https://couturme.com/

Seed

Since 2019

Early Stage Middle Stage Late Stage

Industry
AI, Fashion

Location
San Mateo, CA, 
United States
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“
Time to leave now, get out of 

this room, go somewhere,
anywhere; sharpen this

feeling of happiness and
freedom, stretch your limbs, 

fill your eyes, be awake, wider 
awake, vividly awake in every 

sense and every pore.

- Stefan Zweig -
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02

The 5G Paradigm
The future, the hype or 
the hazard?

5G is not just faster, but a new and unknown era. 
What should we expect and worry about from 
next generation connectivity?
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The 5G Paradigm
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5G, or fifth generation, is the next generation of wireless technology systems. 5G represents an 
evolution in telecommunication standards. 

Through Radio Access Network (RAN) design and an orchestrated end-to-end (E2E) architec-
ture, it will provide speeds faster than any previous generation, comparable to those delivered 
via fiber-optic cables, and meanwhile, it has the potential to boost innovation and generate 
economic growth across all verticals. 

The start of commercial deployment of 5G systems is expected in years 2020+. The exploratory 
phase to understand detailed requirements on future 5G systems and to identify the most prom-
ising technical options has already started. Although several standardization bodies will poten-
tially be involved in the 5G definition, 3GPP will be most probably the focal point for technical 
specifications, with 5G study items starting from 2015.

To enable increased performance, 5G will extend into higher frequencies around 3.5 GHz and 
up to a few tens of GHz.  The higher frequencies are new to mobile phone networks, but are 
commonly used in other applications, such as point-to-point radio links and body-scanners for 
security checks. 

At these higher frequencies, 5G networks will use a greater number of base stations and of con-
nected objects. 5G will further employ beam-forming antennas to focus signals more efficiently 
towards the device in use, rather than having the signal spread in broad directions as in current 
base station antennas.

What is 5G?
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Internet of Things

User Experience Continuity
10 Tb/s/km2

10 Gb/s

Mobile Date Volume

Peak Data Rate

500 km/h
Mobility

1 M/km2

Number of Devices

1 M/km2

Emergency Efficiency

90 Minutes
Service Deployment Time

99.999%
Reliability

5 ms
E2E Latency

4G

5G

10 Gb/s/km2

l K/km2
90 days

99.99%

25 ms

100 Mb/s
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While 4G wireless technology has paved the way for new mediums of mobile consumption, it does 
have limitations. Over the next decade, the rise of connected “internet of things” (IoT) devices will 
require networks to transmit massive sums of data in near real-time.

The Journey to 5G

1G 2G 3G 4G 5G 6G

Car Phone

Portable
Telephone

Shoulder Phone

Portable
Telephone

MOVA

Mobile Phone
for Everyone

i-mode

Information
in Hand

Smartphone

A Variety of
Apps/Videos

1980 1985 1990 2000 2010 2020 2030

The First Wave
Dissemination of Mobile Phones

The Second Wave
Mobile Multimedia

The Third Wave
New Business Value

The Evolution of Wireless Generation
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Standard

Speed

Latency

Usage

Challenges

1G 2G 3G 4G 5G

AMPS
CDPD
NMT
TACS

C-NETz

2.4 Kb/s 64 Kb/s 2 Mb/s 100 Mb/s 1-10 Gb/s

N/A 300-1000 ms 100-500 ms < 100 ms < 1 ms

analogue digital data centric networking

GSM
IS-95A
IS-136
PDC

TD-SCDMA
WCDMA

CDMA2000

FDD-LTE
TDD-LTE

IMT-2020

• expensive data
  tariff
• poor & limited
  coverage

• poor user
  experience

• non-appealing
  device

• mobile
  networking
• loT
• high-performance
  industrial control

• bandwidth
  failed to
  deliver
  multiple
  services

• abundant all-you-can-eat
  data plan
• explosive trafiic growth
  caused network strain
• handset subsides
• demand of fibre
  backhaul
• cell densification

Creating New Value for Markets
(Every 20 Years)
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New Spectrum

Higher bands to meet
demands of speed and

capacity, ability to aggregate
all bands

Support mass connectivity
and increase spectral

efficiency

New Air Interface

One physical network
supporting multiple
virtualized networks

New Architecture

More
Connections

1M/km2
100x of 4G

Enhanced
Data Rate

Over 10 Gps
10-100x of 4G

Mobility

500+ km/h
1.5x of 4G

Mobile Data
Volume

10 Tb/s/km2
1000x of 4G

Lower
Latency

~1 ms
1/10 of 4G

Longer Battery
Life

Over 15 years
10x of 4G

High (Gbps)Low (kbps)

High
(>1s)

Very Low
(<1ms)

Throughout

Medium (Mbps)

Medium
(Tens of

Milliseconds)

La
te

n
cy

Sensor Networks

Connected Cars

Remote Medical Control

Virtual Medical Control

3D Robotic Control

Automated Factories

Remote Updates

Fixed Wireless
Home & Office

Live/On Demand TV

Digital Advertising

Wearables

Emergency Notifications

Basic Remote Control

Agriculture V2X

High Speed & Low Latency of 5G Fuels Demand of New Services
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High Speed & Low Latency of 5G Fuels Demand of New Services
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What Frequency Does
5G Have? 
5G speeds are all different, however, is it good to be faster?

The ubiquitous nature of wire-
less technology in consumer, 
automotive, industrial and even 
military/aerospace application 
has transformed the potential of 
cellular wireless technology from 
an interpersonal communications 
platform to a highly flexible wire-
less networking ecosystem. 

Emerging applications, such as 
the Internet of Things (IoT) and 
Machine to Machine (M2M) com-
munications are also encouraging 
industry to investigate a variety 
of operating modes for 5G to fit 
the multitude of applications. In 
many ways, 5G is being designed 
to become a modular solution to 
the challenges of universal wire-
less connectivity.

From 1G to 5G, all cellular net-
works carry information through 
the electromagnetic spectrum, 
which includes the radio spec-
trum. Some frequency bands 
within the radio spectrum will be 
used for 5G. 

As the newest generation of 
cellular network technology, 5G 
is going to be the fastest of these 
networks. This new technology 
will be a huge leap forward in 
terms of reduced latency as well 
as speed. This speed will rely 
heavily on the fact that 5G uses 
higher radio frequencies. The 
anticipated peak speed of 5G is 
20gbps, which is 20 times faster 
than existing 4G networks’ top 
speeds, and that is thanks to the 
added frequencies and spectrum 
bands.

5G uses spectrum within three 
key frequency ranges (sub-1 
GHz, 1-6 GHz, and above 6 GHz) 
to deliver widespread coverage 
across urban, suburban, and 
rural areas, as well as to support 
a large amount of IoT devices in 
high-density areas. 

High-band spectrum is some-
times called millimeter wave-
length (mmWave) in the cellular 
industry, and it enables about 28 
GHz of frequency. 

call

1G

call camera

2G

call camera texting internet
access

3G

videocall camera texting internet
access

4G

850-1900MHz 2100MHz 2100MHz 700MHz - 2.5GHz

Evolution of Mobile Communication Technology & Its Relevant Frequency:
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United States
3.1-3.55 GHz
3.7-4.2 GHz

27.5-28.35 GHz
37-40 GHz Europe

3.4-3.8 GHz
24.25-27.5 GHz

Brazil
3.6 GHz

24.25-27.5 GHz
28 GHz

31.8-33.4 GHz

UAE
1.4 GHz

3.3-3.8 GHz
26 GHz

India
3.3-3.7 GHz

24 GHz
28 GHz

Australia
3.4-3.7 GHz

26 GHz

Japan
3.6-4.2 GHz
4.4-4.9 GHz

27.5-28.28 GHz

S. Korea
3.4-3.7 GHz

26.5-29.5 GHz

China
3.3-3.6 GHz
4.4-4.5 GHz
4.8-5 GHz

24.5-27.5 GHz
37-43.5 GHz

African Telecom
Union (ATU)

3.3-3.4 GHz
3.4-3.6 GHz

Mexico
600 MHz
26 GHz
33 GHz
37 GHz

Chile
3.4-3.6 GHz

28 GHz

Summary of Priority Frequency Bands for 5G in Select Countries:
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• 5G for Europe: an 
  action plan

• 2025 objectives:
  high=speed
  connectivity/5G for
  all households, main 
  transport routes and
  public spaces

• 5G, an ambitious 
  roadmap for France

• 2020: frequency
  allocation

• 5G included in 
  “industry 4.0” digital
  strategy 2025 

• 2019: auction

• Next generation
  mobile technologies:
  an update to the 5G
  strategy for the UK

• Next generation mobile
  technologies: a 5G strategy

• 2018: auction

• Funds to institutes and
  pilots

• 2018: release of
  national network of
  strategy

• “4G changes life, 5G
  changes society”

• c. USD 200bn
  investments expected
  over 202-25

• 2019: securing frequency
  bands

• 2020: commercial 5G
  available for Tokyo
  Olympics

• 5G as a prelude to a
  revolutionary radio
  system in 2030

• 2015: released 5G national
  strategy, investing 
  KRW 1.6 trillion in 5G

• 2018: 5G use at Winter
  Olympics

• 2019: 50% population
  covered, national 
  coverage by 2020

5G National Strategies

High 5G Frequency Bands

Geographical Area 5G Frequency Band

Europe 3400 - 3800 MHz (awarding trial licenses)

China 3300 - 3600 MHz (ongoing trial)

China 4400 - 4500 MHz

China 4800 - 4990 MHz

Japan 3600 - 4200 MHz

Japan 4400 - 4900 MHz

Korea 3400 - 3700 MHz

USA 3100 - 3550 MHz

USA 3700 - 4200 MHz

Geographical
Area 5G Frequency Band

Europe 24.25 - 27.5 GHz for commercial
deplyments from 2020

China
Focusing on 24.5 - 27.5 GHz and

37 - 43.5 GHz studies

27.5 - 28.28 GHz trials planned
from 2017 and potentially
commercial deplyments

in 2020

26.5 - 29.5 GHz trials in 2018
and commercial

deplyments in 2019

27.5 - 28.35 GHz and
37 - 40 GHz pro-commercial

deplyments in 2018

Japan

Korea

USA

These bands are usually available and can be 
quickly cleares for 5G use.

Very High 5G Frequency Bands (MMW)
These bands will allow the deplyment of 
hotspots providing very high throughput thanks 
to the large bandwidth available for operators: 
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To date, and after much research performed, no adverse health effect has been 
causally linked with exposure to wireless technologies. Health-related conclusions 
are drawn from studies performed across the entire radio spectrum but, so far, 
only a few studies have been carried out at the frequencies to be used by 5G.

Tissue heating is the main mechanism of interaction between radiofrequency 
fields and the human body. Radiofrequency exposure levels from current
technologies result in negligible temperature rise in the human body. 

As the frequency increases, there is less penetration into the body tissues and ab-
sorption of the energy becomes more confined to the surface of the body (skin and 
eye). Provided that the overall exposure remains below international guidelines, no 
consequences for public health are anticipated.

With the use of multiple beams from 5G antennas, exposure could be more vari-
able as a function of location of the users and their usage. 

Given that the 5G technology is currently at an early stage of deployment, the ex-
tent of any change in exposure to radiofrequency fields is still under investigation. 

What are the Potential Health Risks
of 5G?

Risks of 5G
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Frequency
5G NR includes millimetre-wave (mmWave) spectrum (>24GHz) for the first time, with the first release 
of 5G including frequencies from below 1GHz up to 52.6GHz. The high-frequency spectrum (> 6GHz) 
comes in many different bands that vary by region. 
There is discussion of as a ultra-high radioactive frequency, if the 5G radiation could potentially create 
toxic to human cells when it comes in contact with human body over time. Do human DNAs need to 
be modified to cope with the new ecosystem powered by 5G network? 

Counterview: Many initial rollouts of 5G networks, in fact, transmit frequencies at power levels 
that are similar to those of present cellular networks.

Mobile phones and cell towers transmit radio signals at frequencies well below those of X-rays and 
ultraviolet light, which are strong enough to damage human cells and DNA and are categorized as 
ionizing radiation. 

The lower bands, encompassing everything from AM radio to cell phones to microwave ovens, are 
categorized as nonionizing radiation and don’t harm DNA directly. They have long been considered 
harmless except for potentially heating cells at close range.

And leading national authorities like the Food and Drug Administration (FDA), the National Cancer 
Institute (NCI), and the Federal Communications Commission (FCC) maintain that there is little to no 
health risk from using mobile phones given the safety limits already in place. 

Martin Pall, a retired professor of biochemistry at Washington State Uni-
versity, has made a number of sensational claims—for example that 5G will 
cause an “almost instantaneous” crash in human reproduction “almost to 
zero.”

Apart from Martin Pall and a relatively few additional scientists, health 
agencies have not concluded that exposure to RF fields at ordinary envi-
ronmental levels carries any health risks. If a clear rationale develops for 
changing exposure limits, governments and the communications industry 
will have to adapt.

More studies on possible health and safety implications of millimeter waves 
are surely needed. There have already been too many fishing expeditions, 
however; high-quality research is needed, and also continued monitoring of 
the scientific literature by health
agencies.
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Intensity & Densification
Cellular networks are undergoing “densification” (adding many small cells) to 
manage their ever-increasing data traffic. By allowing faster transmission of data 
and steering beams toward individual users, 5G may, in fact, work to reduce the 
overall levels of RF signals in the environment—but that will eventually be off-
set by the rapidly growing data traffic on cellular networks and by the eventual 
flood of wireless-connected devices that 5G will make possible.

5G systems will rely on a multitude of “small cells” mounted close to subscrib-
ers, often on utility poles running along public streets. These small cells will 
incorporate “smart” antennas that transmit multiple beams (up to 64 with pres-
ent designs, eventually more), which can be independently steered to individual 
subscribers. They operate at much lower power levels than “macro” cells used 
by present systems, which are typically located on tops of buildings in urban 
areas.

The prospects of a dramatic increase in the number of sources transmitting RF 
signals is undoubtedly disquieting to many citizens, regardless of the actual 
health risks as understood by health agencies.

Counterview: In the long run, these will be supplemented by pico cells that are 
mounted inside buildings, operating at still lower power levels. Millimeter waves 
are absorbed within about 0.5 mm of the skin surface, unlike RF energy at low-
er frequencies that can penetrate deeper into tissue. Its obvious potential haz-
ards—thermal damage to skin or cornea of the eye—have been examined by nu-
merous studies including many sponsored by the U.S. Air Force beginning in the 
mid-1990s (the present author participated in several of these) and also studies 
on ocular effects of millimeter waves by a group at Kanazawa Medical University 
in Japan. 

Most countries around the world have adopted RF exposure limits that are 
roughly similar to present FCC limits. FCC and similar limits are designed to 
avoid established hazards of RF energy that result from excessive heating of 
tissue. A few countries (for instance Italy, Belgium and India) and cities (such as 
Paris) have adopted lower limits on “precautionary” grounds (roughly described 
by the rubric “better safe than sorry”).
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5G Service Classes

Built on 3 main pillars, combining with edge computing and AI, 5G will create
tremendous opportunities: 
• Enhanced mobile broadband (EMBB), which provides faster data rates across 

wide coverage areas to improve various functions
• Ultra-reliable, low-latency communication (URLLC), which increase the speed 

and quality of service in critical functions
• Massive machine-type communication (MMTC), which involves the automatic 

generation, transmission, and processing of data among numerous machines 
with little to no human intervention 

The adoption of 5G will likely happen in waves in major markets, with EMBB 
reaching mass adoption first, URLLC gaining traction soon afterward, and MMTC 
trailing the pack. For each application profile, adoption will largely depend on the 
availability of appropriate 5G chipsets, the speed and coverage of 5G network
deployments, as well as the evolution of regulations.

5G
- Virtualization
-Cloudification

- Network Slicing

AI
- Network

Automation
-Machine
Learning

Edge Computing
- Network Gateway
-Customer Premise

- Edge Device

eMBB
(Enhanced Mobile
Broadband)

mMTC
(Massive Machine-Type 
Communications)

URLLC
Ultra-Reliable 
Low-Latency
Communications

High-Band

Goal Capability

Mid-Band

Low-Band

Support data-driven application that require high data
rates across a wide coverage area, and will also support
mobile connectivity, so users can access broadband
consistently on the move.

To create an environment where a million homes
and industrial loT devices within 1km2  can be
connected. mMTC aims to meet the demands of a
highly developed digital society and focuses on
services that include high requirements for
connection density.

To provide real-time services that require extremely
low latency and prompt responses like remote
robot control, connected autonomous vehicles and
interactive gaming.

Low-band frequencies cover large geographic areas with penetrative
signals, and can service densely populated metropolitan areas with high
download speeds, likely reaching up to 260 Gbs, 20 times the speeds
available from current wireless networks.

High-band frequencies support fast download speeds but due to the
non-penetrative signal and short range, increased infrastructure will
be required to dispense signal. mMTC will support the tens of billions
of low-complexity, low-power deivces that make up the loT, and while
eMBB prioritizes speed, mMTC will priortize connectivity for a large
number of devices.

Mid-band frequencies can cover large areas with potential
bandwidth to support high-capacity devices and services; will
support mission-critical systems and applications in which data is
time-sensitive and requires high reliability. Standard bodies have
designated that end-to-end latency of 5ms or less, with an uptime
of 99.999 percent.
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5G Service Classes

Support data-driven application that
require high data rates across a wide
coverage area, and will also support 
mobile connectivity, so users can access 
broadband consistently on the move.

To create an environment where a million 
homes and industrial loT devices within 
1km2  can be connected. mMTC aims to 
meet the demands of a highly developed 
digital society and focuses on services 
that include high requirements for
connection density.

To provide real-time services that require 
extremely low latency and prompt
responses like remote robot control,
connected autonomous vehicles and 
interactive gaming.

Low-band frequencies cover large geographic areas with 
penetrative signals, and can service densely populated 
metropolitan areas with high download speeds, likely 
reaching up to 260 Gbs, 20 times the speeds available 
from current wireless networks.

High-band frequencies support fast download speeds 
but due to the non-penetrative signal and short range, 
increased infrastructure will be required to dispense 
signal. mMTC will support the tens of billions of low-
complexity, low-power deivces that make up the loT, and 
while eMBB prioritizes speed, mMTC will priortize
connectivity for a large number of devices.

Mid-band frequencies can cover large areas with
potential bandwidth to support high-capacity devices 
and services; will support mission-critical systems and 
applications in which data is time-sensitive and requires 
high reliability. Standard bodies have designated that 
end-to-end latency of 5ms or less, with an uptime of 
99.999 percent.
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5G Standard

3GPP Release 14

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q1 Q2Q3 Q4

3GPP Release 14

2017

TSG # 75 76 77 78 79 80 81 82 83 84 85 86 87 88

2018 2019 2020

Rel. 14

Rel. 15 Stage 1

Rel. 15 Stage 2

Rel. 15 Stage 3

Rel. 15 ASN. 1

Rel. 16 Stage 1

Rel. 16 Stage 2

Rel. 16 Stage 3

5G Vehicle to X (V2X)

5G Industrial loT

5G URLLC Enhancements

Rel. 16 ASN.13GPP 3-Stage Methodology
• Stage 1: Service description from
  a service-user’s point of view
• Stage 2: Architecture to support
  the service requirements
• Stage 3: Concrete implementation
  of the future functionality & protocols

5G Non-Standalone

Extension

5G Non-Standalone

User Experience Continuity Internet of Things Mission of Critical Services
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The bands 600 MHz, 700 MHz, 800 MHz, 900 MHz, 1.5 GHz, 2.1 GHz, 2.3 GHz and 
2.6 GHz are considered for traditional coverage applications and new specific us-
age such as IoT, industry automation, and business critical usages. However, “re-
farming” will be required for most of these bands, hence the time required to have 
them allocated to. 5G will be much longer than the higher bands.

The 5G frequency band plans are much more complex, as the frequency spectrum 
for sub-6 GHz 5G spans 450 MHz to 6 GHz, and millimeter-wave 5G frequencies 
span 24.250 GHz to 52.600 GHz, and also include unlicensed spectrum.

Additionally, there may be 5G spectrum in the 5925 to 7150 MHz range and 64 GHz 
to 86 GHz range. Therefore, 5G will include all previous cellular spectrum and a 
large amount spectrum in the sub-6 GHz range, and beyond sub- 6 GHz is many 
times current cellular spectrum.

Risks of 5G

Electro-Magnetic
Radiation & 5G

What Can
We Do?
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5G will enable $13.2 trillion in global revenues in 2035. About 80% of telecom
revenues (broadband, hardware, and services) will be linked to 5G in 2035 (Roland 
Berger, HIS Markit)

As advanced next-gen technology, 5G has the potential to: 
1. Help reduce inequality by increasing access and lowering the cost of essential 

services, such as healthcare and education etc. 
2. Reduce the carbon footprint and conserve natural resources by expanding the 

scope of wireless technologies and making devices more autonomous.
3. Boost direct and indirect employment in all economies via the economic 

growth.

On the other hand, under public-private partnerships globally, 5G infrastructure 
must be secure and reliable to maintain information security and address risks to 
critical infrastructure, public health and safety, and economic and security.
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5G
Future
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Industrial 4.0

• Smart Factory
• Automated guided vehicles 

(AGVs)
• Human-to-Robot Collaboration
• Predictive Maintenance Utilities

• Smart Grid
• Smart Energy Management 
• Drone Monitoring 

Financial

• Mobile Banking
• Payment Wearable 
• Digital Wallet
• Virtual Advisor 

Consumer

• Consumer 3D calls
• Smart Customer relationship
• In-store personalized promo-

tions
• Consumer AR/MR
• Proximity-targeted marketing

Smart Cities

• Parking sensors
• Smart bicycles
• Waste management 
• Smart lighting

eHealth

• Remote Patient Monitoring 
• AR/VR-enabled healthcare
• Telehealth services
• Assisted living / home care 

automation 
• Remote surgery
• Commercial wearables

Entertainment

• AR/VR
• Ultra-HD 
• Live in-stadium experiences 
• 3D Holographic display
• Cloud Gaming 

Mobility

• Autonomous vehicles
• V2X
• Airborne taxis
• Smart traffic control
• Fleet management 

Government

• Environment monitoring
• Alarm systems 
• Emergency systems
• Public Safety
• Security

Agriculture

• Climate monitoring 
• Livestock tracking
• Supply chain management

5G + X
The proliferation of the IoT and the impending development of 5G

connectivity will change different industries in substantial way 
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“
If you wish to 

understand the 
universe, think of 

energy, frequency, 
and vibrations.

- Nikola Tesla -
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5G vs. Starlink 
Who can build the global ultra fast internet while mini-
mize the risks posted to humans?

Starlink is an ambitious network of about 
12,000 satellites that SpaceX wants to use to 
provide high-speed internet to anywhere in the 
world. Starlink satellites will sit closer to the 
Earth to reduce latency and use lasers to boost 
internet speeds.

Could Starlink be a promising alternative
solution amid increasing concern of 5G
healthcare risks?

The goal is to find an alternative wireless
service that could balance speed, accessibility, 
cost and security and safety.

Geostationary Satellite 5G Starlink
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In 5G NR, frequency bands 
up to 52.6 GHz are sup-
ported, and extension to 
approximately 100 GHz is 
examined for future release. 
In addition, the U.S. FCC 
recommends that frequen-
cies higher than 5G, such 
as 95 GHz to 3 THz, be con-
sidered for 6G. In such high 
frequency bands from the 
upper part of the millimeter 
wave band to the “terahertz 
wave” band, a remarkably 
wide frequency bandwidth 
can be utilized even in com-
parison to 5G, and is under 
investigation to achieve 
extreme high data rates 
exceeding 100 Gbps. 

Solving Social Problems

Expansion of
Communication
Environments

Sophistication of
Cyber-Physical

Fusion

Communication Between
Humans & Things

6G Next?
The Future is Not Far

Hyper Connectivity

Will 6G be a combination of new 
technologies and enhancements that 

brings big gain?

eMBBeMBB

URLLCmMTC URLLCmMTC

Extreme requirement
for specific use cases

6G

New combinations of
requirements for the new

use cases

5G
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Hyper Connectivity Hyper Connectivity

Many social issues and needs expected in 5G 
will be resolved in the 2020s. It is expected that 
various solutions such as telework, remote control, 
telemedicine, distance education, and autono-
mous operation of various equipment including 
cars will be provided by high-speed and low-laten-
cy communication networks for social problems 
such as regional creation, low birth rate, aging, 
and labor shortage in the 2020s. 

Further popularization of solutions and more ad-
vanced correspondence in the 2030s will require 
complete problem solving and development. The 
world is expected to become a place in which all 
people, information, and goods can be accessed 
anywhere in an ultra-real experience, and the 
constraints of working place and time are hope-

fully completely eliminated. This will dramatically 
eliminate social and cultural disparities between 
rural and urban areas, avoid urban concentration 
of people, and promote local development. It can 
also make people’s lives more stress-free.

In the future, there will be use cases that re-
quire extreme performance that even 5G cannot 
achieve, as well as new combinations of require-
ments that do not fall into the three categories of 
5G: eMBB, URLLC, and mMTC.

Looking for a Better Future
of Connectivity

5G

6G

New Combinations
of requirements

of new cases

Extreme High
Data Rate/Capacity

Extreme
Coverage

Extreme Low
Energy & Cost

• Peak data rate >100Gbps
exploiting new spectrum bands
• >100x capacity for next generation

• Gbps coverage everywhere
• New coverage areas e.g.,
sky (10000m), sea (200nm), space, etc

• Affordable mmW/THz NW & devices
• Devices free from battery charging

Extreme Low
Latency

Extreme High
Reliability

Extreme Massive
Connectivity

• E2E very low latency <1ms
• Always low latency

• Guaranteed QoS for wide range of use
(up to 99.99999% reliability)
• Secure, private, safe, resilient, ...

• Massive connected devices (1GM/km2)
• Sensing capabilities & high-precision
positioning (cm-order)
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3D hologram display 
over mobile devices

Truly immersive 
XR

Digital replica: 
bridge the real and 
virtual worlds

Sauce: Samsung Whitepaper 6G Vision

Hyper Connectivity
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Sauce: Samsung Whitepaper 6G Vision

Hyper Connectivity

We Need to Focus
on Meditation
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Time to be
a Super Human

Meditation
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Meditation

Sukhasana
1. Sit straight and stretch out your feet.

2. Cross your legs; keep knees wide & shins
    crossed with your feet under the knee.

3. Keep your feet relaxed;
    rest the outer edges on the floor
    and your pelvis in a neutral
    position.

4. Place your palms in your lap.

5. Elongate your tailbone and firm
    up your shoulders.

6. Take deep breathes for awhile.
   

Meditation
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Meditation
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Meditation

Stay Healthy


