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BUSINESS POTENTIAL
PER CLUSTER

Autonomous robotics

Remote operations Market size

$619

Real-time automation

Smart Surveillance bl ”ion

Hazard and maintenance sensing

Monitoring and tracking
Connected vehicle

Source: Ericsson, 2020




5G IS TRANSFORMATIVE
FOR MEDIA,
ENTERTAINMENT AND
TELECOM
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5G is set to become the content-of-the-future distribution network par excellence. By
allowing faster-than-ever, low latency delivery of mobile content (100x faster than 4G),
5G will open the floodgates for a new generation of immersive virtual experiences,
collaborative viewing, personalised storytelling, and whatever else innovators are
dreaming up. Some argue, mobile distribution of video via 5G will reverse the ‘decline of
television'. Lines are rapidly blurring between entertainment and telecommunications
companies, empowering mobile providers to reinvent their business models and tap into
new revenue streams.




CONSUMERS WANT THE
HOME VIDEO EXPERIENCE,
EVERYWHERE

Smartphones are already the first screen for consuming
video, and audiences naturally expect the seamless, high-
quality, interactive video experience enjoyed on their
home TVs to be replicated on their mobile devices. Media
and entertainment are moving from the living-room to
just about everywhere, and smart companies will meet
their audiences wherever they are. But next generation
5G-enabled entertainment will not only be about where
customers access video content, or how seamlessly and
synchronously (forget lags), it will also be about the
intensity of their experience, and the multiple modes of
interacting with it. For media and mobile providers, the
question is simple: how to deliver the goods?
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Video

Audio

Web browsing

Social networking

Software download & update
Other segments

P2P file sharing

63%
video

PAONRS
33EB
per month

2025
164EB
per month

Source: Ericsson, 2020



VIDEO IS CONGESTING
MOBILE NETWORKS
(surprise, surprise)

Today’s mobile networks are being strangled by video.
Higher video resolutions and new video experiences are
congesting bandwidth. Video traffic across mobile
networks is exploding because the method used to
deliver video over cellular networks is unicast-based,
which means every user device requires a dedicated
unicast video stream. Further still, backhaul networks
have limited capacity - they simply weren't designed to
handle this deluge of video. Video isn’t data, it's a stream
of content which can’t be easily multiplexed to clawback
efficiency. As video overloads cellular networks, today
mobile service providers are faced with the need to invest
dearly in a long path of upgrades.
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[Mbps]

1 UHD video in HEVC

1 HD video in MPEG-4

1 SD video in MPEG-2

Source: Eutelsat, 2019

VIDEO Is Bandwidth issues are only going to become more severe for mobile operators. Here's
why. A single Standard Definition (SD) video stream compressed in MPEG-2 consumes

CONSUMING MORE about 3 Mbps of bandwidth. When we go to High Definition (HD) streams, even though it

uses better video compression of MPEG-4, it still consumes 7 Mbps of bandwidth. And,
AND MORE when we go to Ultra-high Definition (UHD), like 4K video stream, which uses very high

efficiency video compression (HEVC), bandwidth consumption is up to 20 Mbps. Quality is
BAN DWI DTH a moving feast. SD quickly became HD, today more and more content is 4K, and 8K
content will be here in the blink of an eye.
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\"’ Huawei to launch world’s first

5G-enabled 8K TV
HUAWEI

SK Telecom and Samsung Electronics
Join Forces to Realize 8K TV Powered by 5G Network

“The 5G-8K TV is the culmination of ultra-low
latency 5G networks combined with ultra-high
' definition TV technology.
S K 5G technology will help make the world of hyper

media a reality.”

Park Jin-hyo, CTO and Head of ICT R&D Center at SK Telecom,
Sep. 2019




Mobile

ource: T

age

c
o
2
=
T
it
c
©
=
=
el




T LD == SDlow B SD  mmm HDlow mm HD

Exposed VPN Exposed VPN Exposed VPN
Default Max Data Default Max Data Default Max Data Default Max Data U S Exa m ple

100 100 ¥ 100~
754 = 751 = 751
| 50+
Source: Northeastern University and
25 25 254 University of Massachusetts Amherst, 2019
0 T T ~ — T O+ T T T T O+r— T I T T T

T T T T T
& «\(\ & \& o 6"& RN éq};Q\& 6’5@ \4/0°,<é& & O%Q’ \19(\& & .0\ & ,{é & 3¢ &
b -7 N

Percentage of Time
a1
S
Percentage of Time
a1
e
Percentage of Time

Qo " & & —
OF S & & S \
P SN R A & w D Gl ¢° & \

( ) Amazon (b) Netflix (c) YouTube On'y

>650,000 tests from early 2018 to early 2019 O
I0S and Android devices capable of displaying content in HD 4 O

playback at
max bitrate




IT'S ALL ABOUT
BACKHAUL
CONNECTIONS

BACKHAUL CAPACITY PER END SITE - 2020

That's why it's all about the backend. Mobile networks
are as good as the backhaul connections that connect cell
sites and base stations to the core network. And these
connections are just too narrow. A recent report from
Ericsson reveals that while the typical capacity of urban,
suburban and rural backhaul connections may be
sufficient for broadband connectivity, they are far from
sufficient for quality video delivery. Since today video is
delivered as a unicast stream, just a few users consuming
HD video is all it takes for most of the backhaul
bandwidth to be consumed. Leaving zilch bandwidth for
broadband connectivity! To deliver on the promise of
quality video delivery to all subscribers, backhaul
capacities need a major upgrade. Which means a major
financial investment. -

Source: Ericsson, 2020

14 | Building The Future of 5G Video



BACKHAUL IS NOT
ALL FIBER (what a pity)

You may be thinking, what about fiber optics? Herein lies 100%
another challenge to the backhaul network. Microwave is

today the dominant backhaul technology and is likely to

remain so for the near future - accounting for ~70% of

mobile backhaul connections globally (excluding north

east Asia). Microwave poses further limitations on video 207
delivery due to the limited capacities it enables versus

fiber. Furthermore, upgrading microwave backhaul

~38%

of radio sites | e w
— globally will be | 7 |
connected via il
microwave by 2025.

~ ~62% 1T HE
~ Tud N ;

of all radio sites will pe 158
be connected via | ‘

. . . . microwave by 2025 U ®
connections to support video delivery requirements are (exclliding North A8
neither simple nor cheap. And it's going to be years 0% East Asia).

before fiber takes its place. 2008 2025

Source: Ericsson, 2020
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DELIVERING ON THE

5G VISION -
A SOLUTION THAT

WORKS
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NOVELSAT's innovative new approach is a game-changer. By enabling mobile and media
companies to actually deliver next-generation high-quality video content everywhere on
any user device, it represents the key to unlock the full commercial and user experience

potential of bG.



NOVELSAT TAKES
CDN TO THE EDGE

NOVELSAT is unlocking the true potential of mobile
networks by leveraging Multi-access Edge
Computing (MEC) architecture and taking the
Content Delivery Network (CDN) to the edge. As
pioneers of hybrid networks, NOVELSAT offers
highly efficient video overlay from the core CDN to
the edge, bringing 5G video experiences closer than
ever to users. NOVELSAT is great when deployed
over terrestrial networks, and awesome when
deployed with satellite and utilizing satellite
broadcasts to deliver video content to the edge.
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Pioneering
hybrid networks

Core CDN Edge
CDN

Bringing video
closer to users
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NOVELSAT VIDEO
CORE CLOUD

Content acquisition - multiple sources,

multiple formats
Multi-channel transcoding to HEVC

Satellite modulation to NOVELSAT
NS4™

Transmitting a single high-quality
profile of each video channel

NOVELSAT VIDEO
EDGE GATEWAY

Content processing and delivery
Satellite demodulation
Video decoding and transcoding

Multiple video profile generation
and packaging

Live video delivery to user devices
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MAKING NEXT-
GENERATION VIDEO
EXPERIENCES A REALITY

With NOVELSAT, mobile providers can now go beyond
basic video content, to offer subscribers a more
personalized and curated entertainment experience. For
example, we allow content providers to introduce multi-
angle viewing on their mobile devices. For sports fans
this is great news. Whether they're watching a live
soccer game or tennis match on the sofa or in the
grandstand at the stadium, they’'ll be able to catch the
best of the action from multiple viewpoints of their
choice. This will be possible regardless of the device
they're using or where they are.

FREEDOM TO CHOOSE
YOUR PERSPECTIVE

SEE EVERYTHING, ANYWHERE,
ON ANY DEVICE
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POWERING BOUNDLESS
VIDEO EXPERIENCES

NOVELSAT brings the future of immersive entertainment
into the here and now. Content providers can offer
subscribers a complete world of immersive and
interactive experiences - Multiview, 3D, 360, or VR -
delivered at source quality, in real-time, anywhere,
anytime.

WATCH AT THE BEST
VIDEO QUALITY

GET ANY EXPERIENCE,
AT ANY BITRATE

VIEW LATENCY FREE
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FUELING FIXED
WIRELESS BROADBAND
WITH 5G VIDEO

Fixed Wireless Access (FWA) enables the delivery of
high-bandwidth connectivity to homes through the 5G
network, presenting a viable alternative to fixed-line
networks. It's great news for family entertainment. With
NOVELSAT, FWA technology can open up multiple video
streams, so everyone in the household can enjoy a top-
quality video from MTV to DogTV. This also means
mobile providers can become a primary distribution
channel for video, knocking cable and satellite TV
services from their thrones.
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SCALING 5G VIDEO
FOR HIGH DENSITY
LOCATIONS

Waiting at the gate for your plane to board is a perfect
time to catch up on your favorite TV shows. Which is
why locations like airports, train stations, shopping malls,
hotels, enterprises, or campuses, where you find high
concentrations of people watching video content in
parallel, places major congestion challenges on network
capabilities. NOVELSAT provides these locations with the
ability to enable live and on-demand content, at high
quality, without overloading the network.

AIRPORTS, TRAIN STATIONS
SHOPPING MALLS, HOTELS

ENTERPRISES, CAMPUSES

32 | Building The Future of 5G Video




DELIVERING 5G
PASSENGER EXPERIENCE

Once you're settled in your seat on the plane (or train or
cruise ship), your appetite for watching live games or on-
demand TV show on your mobile device grows. As
terrestrial connections are not available, passengers must
rely on limited satellite connectivity. The experience for
travellers can be expensive and patchy due to narrow
bandwidth and slow download speeds. NOVELSAT
transforms the travel entertainment experience by
bringing passengers bG video experiences and enabling
high volumes of video content without compromising an
iota of content quality. Bon voyage!

AIRPLANES
CRUISE SHIPS g /

TRAINS
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LIVE PREMIUM DIFFERENTIATED ADVERTISING
SPORTS QUALITY BUNDLE EXPERIENCES




—  Time & Money e i e

Lowest Lowest Fastest Gradual
video delivery network network deployment
cost investment deployment per usage

REVAMPING

MAKING 5G VIDEO A COMMERCIAL REALITY

New business opportunities are just part of the story. NOVELSAT's 5G video solution offers
a compelling story both in terms of network investment and deployment time. NOVELSAT

VIDEO DELIVERY promises to deliver market-leading video delivery economics: the lowest video delivery costs

ECONOMICS
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as well as the lowest network investment. Beyond this, NOVELSAT offers a versatile approach
to deployment - rapid full-scale rollout or staged model - aggregation sites to end sites, per
usage and take rate of the video services by end users. Without compelling performance and
smart economics, 5G video is a nice dream. With NOVELSAT it becomes a commercial reality.



EXECUTING A PHASED
APPROACH FOR 5G
VIDEO ROLLOUT

Why run when you can walk? So thinks NOVELSAT.
When launching new bG-enabled video services,
NOVELSAT enables a phased roll-out approach, which
makes sound economic sense. Service providers can dip
their toe in the water with the core CDN and deploy the
edge CDN only at the aggregation sites, bringing the
content to these sites via satellite and utilizing existing
terrestrial connection to end cell sites. As take rates
grows and video service usage increases, deployment of
edge CDN can be expanded to end sites, bringing video
content to all cell sites and mitigating or bypassing all
terrestrial backhaul connections. Service provider can
then also beef up the video offering by expanding the
core CDN and the edge CDN to carry and store more
content.
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5 YEARS
PROJECT DURATION
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1,000 SUBS/CELL

5% VIDEO PENETRATION
= 50 VIDEO SUBS

1 HD STREAM PER SUB

25 FWA/CELL

25% VIDEO PENETRATION
= 7 FWA VIDEO SUBS

3 HD STREAM PER SUB

1 UHD STREAM PER SUB




Leased fiber
backhaul
cost

Microwave
backhaul
cost

S7,400
[site
Jannum

$3,060
[site
/annum

Core CDN

Data Network
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Leased fiber
backhaul with
Edge CDN cost

Microwave
backhaul with
Edge CDN cost

$2,004
[site
/annum

$2,180
[site
/annum




Leased fiber
backhaul
cost

Microwave
backhaul
cost

Satellite (without
edge transcoding)
cost

S7,400
[site
Jannum

$3,060
[site
/annum

S3,040
[site
/annum

CO:

Broadcast _.»*",

Core CDN a

: Broadband c) -

Edge CDN

Data Network

d

Satellite (with $1,683
edge transcoding) /site
cost /annum

SATELLITE + EDGE CDN

IS BY FAR THE MOST
COST-EFFICIENT SOLUTION
FOR MOBILE VIDEO DELIVERY




IN
SUMMARY

The promise of 5G is immense. It has the potential to
transform the future of how we consume
entertainment in a way few can conceive. By becoming
the content-of-the-future distribution network, it has
the potential to disrupt the hegemony of TV
broadcasters, and install mobile service providers as
the new royalty. Not just as providers of HD quality
video everywhere, but as the curators of a new genre
of immersive video experiences. The market potential is
in the hundreds of billions. But there’s a catch: the
limits of today’s mobile networks to handle the tsunami
of video content. Only a new high-performance and
highly efficient solution that can boost network - 4
capabilities for video delivery can save the day and -1 S
]

unlock the commercial opportunities. At NOVELSAI,
we're ready. Are you?
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ABOUT
NOVELSAT

NOVELSAT is a leading provider of next-g
content connectivity solutions. Powered b
technologies, our broadcast and broadba
are transforming networks’ capabilities to
growth potential and to drive new experie
device, anytime, anywhere. Our high-perfo
products for satellite and terrestrial content
connectivity include integrated video solution
highly efficient broadband connectivity solutions, as
well as best-in-industry content security solutions.
Transforming delivery of data and video with new
levels of performance, efficiency, agility, and security,
NOVELSAT empowers mission-critical and demanding
applications for the mobile, media, entertainment,
government, and mobility markets.
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