ENTER THE NEW Dig ital
Ecosystem

As media, entertainment and technology
converge, the result is a connected
network that is redefining business : s

models and revenue streams. =
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Streaming UHEuality VR
at Realistic Bitrates:
Mission Impossible?

RaoulMonnier, Harmonic
Rob Koenen, Tiledmedia
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Overview

Challenges in Virtual Reality Video
State of the art in VR video streaming
Basics of Tiled VR streaming

Quality and bitrate tradeoffs




CHALLENGES IN VIRTUAL REALITY VIDE
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Why Is VR Relevant Now?

Wave of New Head Mounted Display
(HMD) Launches in 2016

Technology Available for

PlayStation.VR
’ /  oculus GoodQoE

u ULTRA

SAMSUNG

Geqr VR



Three Main Challenges for VR

Low Display

Resolution I\_/Iotlon
sickness

Screen q
door effect otion to

photon
latency
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STATE OF THE ART IN
VR VIDEO STREAMING
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Virtual Reality Revenue by Industn

6,000 Video streaming:
5,000 $39B in 2025
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Video streaming

(In Millions)

o0 $570M in 2020
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 Adult Content H Movies
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VREcCosystem

Prepare

Package

Capture Stitch Map Transmit Decode
or Store

2D Live Z%Z ‘7; “Brute Force”
3D Offline e Tiling

Use of the HWlecoder
of the smartphone



Legacy Brute ForceApproach

4Kx2K Encoding DASH

Stitched Video

4Kx2K
Resolution

Transmitted Video
Field of View

12%- 15% of

picture

.
Encoder CDN

Displayed Video =
Field of View




Commercially Deployed VR Video Service

Function Resolution Assessment
Capture
Stitch .
Map 4K x 2K J Easy to implement
Encode
Transmit J Not sensitive to network delay
Store AKXZK | High bitrate
: 1K x 1K . :
Display oer eye L Poor video quality
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Are People Happy with VR 360 Video Today
No!

Consumers
wVideo quality is poor

Operators

wBitrate is high
w Difficult to reach sufficient customers:
- ~25% of households
- <15% in some countries (e.g. Frang
Italy)
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TiledVR STREAMING
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Take a 360 Panorama
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You Only See About 118
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Cut Everything Up In Tiles




