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Preface

Cloud VR introduces cloud computing and cloud rendefimg/R servicesFast and stable
networksallow the implementation afloudbasedvR service content and content rendering
where display output and audio output are coded, consptgsaml transmitted to user
terminals.

Cloud VRrepresentthe most advanced technological developnmathe VR industryCloud
VR aggregate¥R content and quickldistributesit to common users and vertical industries.
Cloud VR enablesrendering on the cloudpwering requirements on VR terminaland
facilitating user acceptance

This white papewasdevelopedunder the guidance of the Chinese Ministry of Industry and
Information Technology (MIIT)and released jointly by the China Academy of Information
andCommunications Technology (CAICT) and Huawecording tahe annual work plan of
the Virtual RealityPromotion Committe€rl his white paper focuses on the present context and
the potential value dfloud VR It also discusses the development path of Bmados, which

are divided into the followinghree phasesthe recentlycloudified phasethe mid-term
cloudified phase, anthe longterm cloudified phaselhis white paper defines 17 Cloud VR
application scenariobased on the existing industrial coriteXhe value and application
direction of each scenario is analyzed basadthe service characteristics of Cloud VR,
experience and customer feedback from CAICT, Huawei iLab, and Huawei C&SI Business
Consulting Dept This paper summarizes ttservice fornats of Cloud VR,discusses the
business models of each service scenai analyzeshe pace and trend of Cloud VR
business developmerikhis white paper can be used to guideftitare service development

of Cloud VR scenarios.
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Cloud VR Scenario Overview

Cloud VR

Cloud Virtual Reality (Cloud VR) introduces cloud computing and cloud rendésmygR
services.Fast and stable networkalow the implementation otloudbasedVR service
content and conte rendering, wherdisplay output and audio output are coded, cossed
and transmitted to user termin&ism the cloud

Cloud VR application scenarios

Cloud VR can be applieh manyscenariosand has a lot of market potentilib widespread
adoption will revolutionize people's lives angroduction methods. CAICT, Huawei iLab, and
Huawei C&SI Business Consulting Dept have divided the 17 Cloud VR scenarios into Cloud
VR 2C scenarios and Cloud VR 2B scenarios based on research and industry buights
insideand outside China.

Cloud VR 2C Application Scenarios Cloud VR 2B Application Scenarios
Cloud VRIMAX Cloud VR education

Cloud VRlive broadcast Cloud VReSportsarena

Cloud VR 360 videos Cloud VRmarketing

Cloud VRgaming Cloud VRhealttcare

Cloud VRmusic Cloud VRtourism

Cloud VRfitness Cloud VRreal estate

Cloud VRkaraoke Cloud VR military

CloudsocialVR Cloud VRengineering

Cloud VRshopping
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Three Phases of Cloud VR Scenario
Development

slosn Jabie} Aq YA JO ssaualemy

The development of everything is a gradual precggprogressiorandCloud VR application
scenariosare no exceptiongincluding both indoor and outdoor scenarios)loGd VR
development can be divided into the following three phasssdon the user base, usage
frequency, content maturity, user expee, cloudification progress, and industry maturity:
therecenly cloudified, the mid-term cloudified andthelong-term cbudified

Further development and extension of videos (2C) 2 iiﬁ?g:rs;z%;?c%:?g:;mg

Recently cloudified : Mid-term cloudified . Long-term cloudified

| VR+ vertical industries
| (healthcare, tourism, shopping, real

Cloud VR estate, engineering, etc.)
CloudVR k:r:oké §
fitness Users
| CloudVR | Cl_oud :
eSports arenas Cloud VR social VR
Cloud VR music
marketing
Cloud VR gaming” Cloud VR
education
CloudVR i
live broadcast |
Cloud VR IMAX :
Cloud VR 360° video
Current phase, with cloudification Scenario '
supported development baseline 1~3 years Over 3 years

Recenty cloudified phase Current support for c loudification)

Scenarios havalreadyimplemented wireless terminaldpad-based content, and clobésed
reattime rendering and computing. The industry is mature, with frequent usage and a large
user base. Various types of terminals are available on the market. Traditional content is
providedthrougha new experiencegnd new content, such as Cloud VR live broadcast and
videos, is also availablproviding highly immersive experiences. Scenarios in this phase can
be regarded as an ersion of videpand cultivatehe VR habits of users.
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Cloud VRIMAX, Cloud VR live broadcst, Cloud VR 36&videos, and Cloud VR gaming
are supported on cloud platforms. As long as the cloud service platforms implémeset
services, they will become widely used by usera large scale.

Mid -term cloudified phase (1 to 3 years)

Scenarios intis phase have demonstratesignificanttrend towardcloudification. The user
experience ofenaria is good,they have a highisage frequencihiuge market potentiahnd

mostly maturedindustry technologies. However, there are still some iskirederng an

optimal experienceThe content iimited, and the terminals are not completely witee. In

some scenariogjser experience can only be ensured through usewsfed head mounted
display (HMD) and an external locatavith content stillbeingrendered locally in real time.

The lack of content anthe high cost ofterminak have restricted the popularization of these
scenarios which are frequently applied. Once content and content rendering are implemented
on the cloud platform, good content wik lefficiently and cyclically used, reducing consumer
costs and promoting user consumption.

Cloud VR education, marketing, eSpoaenas fitness, music, karaoke, and hecdtte all
belong to the miderm cloudification phase.

Long-term cloudified phase fver 3 years)

There is a broad prospect fazemarios in this phase. Professional knowledge needs to be
customized, and requirements on experiences are Higl. husiness models of these
scenarios are clear. However, industry technologies are still imemagpital is still being
deployed, and the content of fleescenariosis relatively scarce. Once the industry chain
matures, the scenarios of the lontgrm cloudifed phase can be expanded quickly on cloud
platforns.

Cloud VR tourism social networking, lopping, militay, engineering, and real estaé#
belong to the longerm cloudifed phase.
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Cloud VR Application Scenarios

3.1Cloud VR IMAX: New Experience for Watching
Movies

3.1.1Definition

VR HMD can be used to watch traditional online videos and experi@rieege personal
IMAX with great visual impact.

3.1.2Application Scenarios

Home IMAX: With VR HMDs, viewers can experience private IMAX, 3D images, 1080p to
4K resolution, IMAX of 800 to 1000 inches, and flexible screen size adjustment. Previously,
viewers hado go to a cinema and buy a ticket for 3D movies. Now with VR IMAX, they can
watch 3D movies on their own anywhere at home, without worrying that others may want to
watch a different channel.

Portable IMAX: With no location restrictions, viewers can enjdfAX during trips, in
parks, or in rural areas. VR IMAX provides viewers with customized viewing backgrounds,
for example, they can watch the Apollo 13 flying across the Atlantic Ocean while sitting on
top of a mountain. They can also watch movies insigreon trains, in the sea, or even
amongst flowers.

3.1.3Industry Situation

1. Extensive variety of videos in the Cloud VR IMAX The existing IPTV service
platformoffers manyhigh-quality videos.

2. Easy deploynent as an extension of the IPTV service platformThelPTV system has
a large number of subscribers, and the service platform does not need to be optimized or
modified.

3.  Widespreadterminal support: Many terminals support the Cloud VR IMAX, including
all-in-one VR maching PC VR, and mobile phosewnith VR glasses. For example,
Huawei has cooperated with IMARorporationon VR2 HMD.

4. Highly recognized user experience Cloud VR IMAX has a certain number of users
and offers a demonstrablgood user experience. The China VR industry development
report liststhe prderred application typesof ChineseVR users, as shown in the
following figure.
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Application Types of China VR Users
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Source: China VR User Behavior Research Report

anywhere.

6. Ultra-HD display: The terminal resolution per eye can reach up to 1K to 2K. The
dual-eye parallax effect is used to simulate 3D display, offering an imaging principle
similar to that of human eyes, enabling viewers to experience the IMAX effect
equivalent to a 1,00hch physical screen. Viewers who are short sighted can also enjoy

VR IMAX, which supports adjustment of the degree of sight.

7. Advantages of VR IMAX: VR IMAX can provide content with higher resolution. In
traditional TV experiences, viewers cannot distinguish between resolutions once they
reach 4K. However, VR IMAX can breakrbugh this ceiling. By adjusting the field of

view (FOV) and increasing the screen size, 8K can be consciously experienced.

3.1.4Business Opportunities

The Cloud VR IMAX can be@iewedas an extension of the IPTV video serviééth the high
bandwidth andow latencyof the 4K bearer networkCloud VR IMAX services cagrow fast
if the terminal penetration rate is improved.

3.2Cloud VR Live Broadcast: Easy to Commercialize

3.2.1Definition

Ball games, sports events, and concerts are broadcast through VR technol@giksnre. In
the current phase, users can feghersedasif they areseeingcelebritiesn person Together

with VR spatial audio, they camear the real cheers the venue. In the future phase, users
can both enjoy the visual and audio expance and also interact with others. They can
connect with friends remotely to share games, communicate about strategies, or even "high

five" virtually.

3.2.2Application Scenarios

Cloud VR live broadcast can be applied in multiple fields, such as NBA sports events,

Olympic Games, concerts, fan meetings, and news conferences.

Portability and convenience:Terminals allow viewers to enjoy movies anytime from
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1. Cloud VR live broadcast has been successfullmplemented in multiple sports
events.

NextVR obtained authorization for the NBA League, with an estimated market value of
US$0 million. WhaleyVR workel with China Sports Media (CSM) and FlyCat
provide VR live broadcast of the 2017 Chinese Fodtl#ssociation Super League
(CSL). The BBC provided arapproximate 100 hours &fR live programmingfor the

Rio 2016 Olympic Games. Intel TRUEVR provided ViRel broadcast for the NCAA
Championship games.

On April 13, 2016, the Lakersereplaying against the Jazz. The average ticket price of
Kobe Bryant's finalgame was US$26,500. NextVR provided 36@anoramic live
broadcast for that game. A fan who watchezm homethrough live VR said, tiwas
justlike sitting right at the substitet bench, and | couldearlysee everypne of Kobe's
moves. But, if | had goneo the game, itvould havecost me US$100 to 200 thousand."
With VR, a fanonly has to spendS$699 to watch the game.

It is the end of Kobe's basketball career, boly the beginning of Cloud VR live
broadcast.

2. Cloud VR live concerts bringviewers' favorite singers right in front of them.
NextVR and Coldplay, a British rock band, jointly held a @htve through VR.

Faye's Moment Live 2016, the concert of a famous Chinese sivaggsrovided as avVR
live broadcast at priseas low as CNY30. A total of over 20 million fans immersed
themselvein the concert through VR.

The concert provided 3DoF experiencegnablingviewers to feel like Faywas rightin
front of their eyes. Despite the excellent lighting and choreography, the shortearhing
this experience re also noticeable. The face of the singer voasry due to low
resolution. Faye's cortt was broadcast in 4K VR withbandwidthof about 12 Mbit/s,
resulting in a resolution equivalent to 24Tpis made thémages unclear.

With high bandwidthsconcerts will be able to provide the expected standard of Cloud
VR live experience. In that sa, even ifprices riseto CNY100, fans will still findthe
experienceavorth the money.

3. Cloud VR live broadcastallows fans to "meet" their idols.

The iResearchiVhite Paper on Chinese Fandom and Fans' Lifegtgleted out that fans
spend CNY500 to 2,000ncaverage per month dheir fandom,with the amount even
occasionally exceedingn thousandi-an meetings and peripheral productenprisea
large proportiorof these expenseshese types of purchases are mseleeral times each
year or month.

Cloud VR live broadcastnablesfansto maketheir dreamf dining with or chating
with their idols face to faca reality Fans follow every move of their idols on social
media, anccanmake huge effostto talk to their idols. Now with VR HMDdanscan
easilyrealizethe dream of talking to their idols. In this case, fans will not only be willing
to pay for virtual fan meetirgy but alsoto actively spread this new experience to other
fans.

3.2.3Industry Situation

1. Cloud VR live broadcast solutions are already avadble in the industry.

A VR live broadcast scheme comprighe following three partscontent production,
content distribution, and content consumption.
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The process of content production for VR live broadcast is as follows:

1 Audiovisual capturing:The 360 o mnidirectional cameras are used to capture
panoramic visual information. The professional 3¢é@mera®ffer 8K resolution and
a 60 fps or higher frame rate.

1 Stitching technology: Images captured by the °368mera from all directions are
stitched to &pace ball.

1 Projection mapping: The spad®mll is transformed into a planamedia format.
Common modes of projection include equiangular projection (cylindrical projection),
and polyhedral projection.

i Encoding technology: Currently, H.264 is the mainstresroding standardd.265
and VP9 aremextgeneration encoding technologies that are widely accepted in the
industry.

1 Network transmission: In the current phase, bearer netwiorkglK videos are
possible. For better experiend@ndwidthmustexceed 100 Mit/s.

2. The Cloud VR live broadcastexperienceis limited by bandwidth costs.

Many vendors lower the bit ratd videosto reducebandwidth costs. As a result, the live
broadcast experience cannot be guaranteed, causing uncéggasi user sickness, and
freezing Under good network conditionis the current phas€loud VR live broadcast
experiences are still attractive to users.

3. Cloud VR live broadcast in 4K 180°3D provides good experiences, andn the
future better experiences will rely on 8K.

In the edly stages of the development dfloud VR live broadcastisers are still used to
viewing content with a 180FOV, with the VR user habits being cultivatelth the
current phase, the ctamt experience of 4K 183D is good, and the othgmes of18C¢°
conentcan be usetb implantadvertisemeirst

3.2.4Business Model

Cloud VRsupports a variety dfusiness models. Users can watch VR live broasiedstome,
in VIP suites orsite, or at dedicated viewing locations. VR industry partpesgide various
types ofcontent for VR live broadcast, and can guarantee several celebrity concerts each year.
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VIP Suites Dedicated Viewing Homes
Locations
User Bringing suites closer to thg Attending concerts remotely, | Experiencing the live broadcast
stage reducing travel expenses venue without leaving one's own
Providing brand new Enjoying highquality, strongly home
experiences for higkend immersive VR live broadcasts | Lower ticket prices
users
Sponsor Raising the attractiveness | Not limited by venue cazity, | Wider fan group coverage
and value of VIP suites enabling more ticket sales Higher copyright value
Operator Ensuring highbandwidth Providing quality networks to | Exclusive live broadcasts,

and ultralow-latency
networks with technical
advantages for live
broadcast

Cooperating with IP
providers to introduce new
content for mutulsbenefit

ensure user experience

Cultivating user habits and
laying the foundation for the
popularization of VR live
broadcast at home

Connecting with IP providers tq
introduce content

attracting uses and preempting
the home broadband market

Promoting the popularization of
VR live broadcast and facilitating
network pipes

Launching Gigabit packages witl
free VR live broadcast privileges
to promote user upgrading

1. On-demand charge

Mobile terminals pay per use. For example,
a VR live broadcast of a single concert
costs only CNY50. The operator shares the
ticket revenue with Letin VR, or Letin VR
rents the operator's network.

Suggestions for the design of Clou&Vive broalcast service packages

2. Annual subscription

|

Operators can promote a Gigabit
network subscription at CNY1,290, with
concerts broadcast live in VR of a singer

specified by the user at no additional
costsin a year (with free VR glasses).

3. Three-year promotional

subscription

0o
00

Operators can promote three-year Gigabit

network subscriptions at CNY3,600.

Users can select three out of ten singers

whose concerts in a year will be

broadcast live in VR to the user for free.

Source: Letin VR

3.3Cloud VR 360° Video: Immersion in Videos
3.3.1Definition

Cloud VR 360 videos, the combination of video aemand (VoD) and VR technologare
dividedinto two typesThefirst type allows usersto watch vides from a fixedposition, and
to view any directionsThe second typdoes not have fixediewing positionsandviewers
are able tdwalk" freely in the scene or even interact with the scene.
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3.3.2Application Scenarios
The Cloud VR 360 video market has huge potentials.

As predicted by Goldman Sachs, the number of VR entertainment video users will reach
75 million by 2025, which isapproximatelythe same levals thetraditional Netflix user

base. Application revenaeare estimated to reach US$3.2 hilliorgpresenting huge
market potential

2017-2025 Global VR Video Market Potential

== Revenue (US$M) Growth rate
4000 200.0%
151%
3000 .
82% . 100.0%
? 43% 0 o
2000 3% 3% I

L
1000 I I
, - = 0 | 1000%

0.0%

2017E 2018E 2019E 2020E 2021E 2022E 2023E 2024E 2025E
Source: Goldman Sachs Global Investment Research

Multiple industry giantshave seerthe potential of and started to deploy VR videos.
Operators, such as South Kdsdéil, LG U+, and SKTelecom have deployed IPTV VR
videos to cultivate user habits. OTT vendors, such as YouTube, Facefoadu, and

iQIYI, have launched dedicated VR video columns. Media companies also started their
actions. CCTV has launched VR panoramic videos, and Comcast, the largest CATV
company in the United States, has invested millions of US dollars in VR content
production startups to pilot new video forms.

Cloud VR 360°videos have various application scenarios.

Application scenarios mainly include: sports events, variety shoslsbrity showsscenery
videos,documentaries, movies, and TV series.

1.

Sports events:Free AOV switching enables viewers to feel likthey are at the event
in person.

More sports event sponsors and sports platforms are starting to use VR technologies
shootevens. Currently, the marketasmultiple VR catent vendors, such as Next VR,
WhaleyVR,who have entered the VR sports industry. They shoot popular sports games
in VR and upload recordings and highlight clipshetwork platformgor users to watch.

With VR videos, users can bre#itroughthe limitationsof space, and switch to any
angle of view AQOV), to feel as ifthey are watching the game at taena As the
interaction of VR videos improves, userdl be able tomove around the venue freely, or
evento compete with the players.

Variety shows/Celebrity shows: The VIP AOV allowsusers to interactcloselywith
celebrities.

Entertainment videos have always been the focus of video consumption, including
concerts, variety shows, and galas. Currently, many media companies around the world
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are experimenting withVR videos, including mutiple CCTV programs, and the
American Saturday Night Livesketch comedy progranMany celebrity concerts have
alsobeenrecordedin VR and providedo users. Tickets to these shows or concerts are
hard to get. VR videos bring the best VIP AOV to usergrioff) them the opportunity
contact their idols. In the future, thegll evenbe able tanove around in the videos and
interact with their idols. Thisvill be extremelyappealing to fansaandmeans there is a
lot of potential inthe fandom market.

Source: Letin VR

3.  Scenery/Tourism/Documentaries: Users can travehnywhere without leaving their
homes.

The attractionof VR for content production in landscape, trang) and documentaries

is that local customs and practices can be presented comprehensively and alightentical
users.This type of videaloesnot usually rely on excellent storytelling skills mvolve

high costs forintellectual property riglst making ita good choice for many VR content
vendors or platforms. These videos are especially helpful ferrgarel decision making

as they allow users to preview thdestination. Vendors in theurismindustry can also

use quality VR videos for marketing purposes. VR documentaries are most frequently
used in scenarios such asnvironmental protection, remote exgoration, and
anthropologyNow with VR videos, users no longer needetavetheir houses to explore
theplacesthey want to visit

—

Source: Whaley VR

4. Movies/TV series: Viewers are becoming more than just viewers.

Viewers are usually just observerstrdditional moviesand TV seriesWith VR, users
cannot onlyfreely select an AOV, but also focus on their favorite roles, or even
participatein the roles in videos. For example, in the VR mawigubi, a user appears in
the video as an advanced rolibait can often interacwith other roles. Although,
currently, theseinteractiors are simple and preset in the video, this is still a brand new
experiencdor viewers In the future, with the development of VR videos and Al, users

10
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will be able tointeractmore naturallywith other roles and scenarios, or eteselect the
story and change the plot.

3.3.3Industry Situation

Cloud VR 360° video content primarily includes short videos,with plots lacking
complexity.

Cloud VR 360° videos mainly include short videos, such as sports eventoncerts,
highlight reels, scenery clips, and documentarie3his content is useful for attracting
users. Pogproduction of live broadcast ctamt into recorded content is convenient and
can berapidly implemented However, due to the immatutechnique for shooting
content andheir high production costthe contentin the storytelling category is scarce.

Driven by the attractiveness of sports events anthe star effect, VR videos about
sports events, and varietyor celebrity shows can be promoted mar easily.Currently,
these videos are mainly in 4lttractive sports content and the star effiedilitate
populaization. 8K VR video shooting and image stitching technologies have been
developedby the industry. As networks improve, 8K VR videos wié Ipopularized
among usersupporting a better user experience

3.3.4Business Model

Early-Stage Business Model of Cloud VR 360 Video (Content Aggregation)

: I Purchase I I : !
3 R I . .
| Device provider i /Sales commission : : : :
I | C—— |
DP I !

! (OP) ! VR device+technology ! : |
e — - - : | Free/Charged : Individual/ :

1 Operator :‘_’ .1 Household
____________ _ 1 Video+network services |
. , Contentpurchasing | : I user |
1 Copyright/ 1 /Guarantee+share | " ; I

. |

: (CP) : Copyright+content : I : I
___________ - Lo ! L mm e

3.4Cloud VR Gam ing: Cloud Rendering Lowers
Requirements on Terminal Performance and Facilitates
User Adoption

3.4.1Definition

VR technology enables gamers itmmerse themselves in wirtual game world, have
immersive audiovisual experience, play games through physical movements, and iplay the
dream rols. With the cloud computing technolieg, traditional VR gamesan be stored and
rendered on theloud. This effectivelylowersthe equirementn terminalsto make them
more affordableUsers can travel in the virtual world and experience immersiveduiglity

VR gamesatlow costs.

11
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Cloud VR games are highly interactive and immersared are not onlyypical applications
of VR, butalsoone of the most attractive services. There are 3DoF lightweight casual games
and 6DoFhardcoregames, corresponding to casual gamershamdtore gamers.

3.4.2Application Scenarios

Large VR game market

According to the Goldman Sachsport Virtual & Augmented Reality Understanding the
Race for theNextComputingPlatform, VR games will be the first VR consumer martebe
developed.The VR technology in the game industry is more mathes other industries
Gane features are more compatible with VR teclogiesthat offer anmmersive experience.
VR games on the market are rich, and users can easily pggddgarning experience.

By 2020,there will be70 million userof VR/AR gameggenerating$6.9 billion in software
revenue, the report states.

2017-2025 Global VR Game Market Potential

Bl Revenue (US$M) === Growth rate
14000 300.0%
12000 218%
10000 200.0%
8000
100.0%
6000
4000 0.0%
2000
0 -100.0%

2016E 2017E 2018E 2019E 2020E 2021E 2022E 2023E 2024E 2025E

Source: Goldman Sachs Global Investment Research

According to a report jointly released by SuperData and Unihere is a lot ofmarket
potentialfor VR gameswhich occuped almost half of the VR softwamnarket shares of
2016.

VR Consumer Software Revenue
(2016)

Source: SuperData

12
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The Cloud VR game is the best form to promote VR games to families.

VR technologes were hypeth 2016, and thethe hypes faded becaus® costwvas too high

for the experience users git.2016, the first generation of VR devices came out. Users who
wanted to experience VR games needed to pay about ¥,500&alent toUS $2,000 with
prices differing between regionSven now, to experience higjuality games, users still need

to pay ¥,000 US $400 on an HMD and ¥%,00QUS $1,000) on a PC.

Cloud VRenableggame content and game rendering tatoeedon the cloud. The ietaction
signalsfrom the user end are uploaded to the cloud. The cloud sewemplete the complex
computing and image rendering of the game and compress them into audio and video streams,
which are transmitted to the user VR termsfal decoding andidplaying. Cloud VR lowers

the cost in higkperformance PCsnabling users to turn fronatf clientsto thin clientsand
experiencd/R gamesat a lower cost

In addition, content is managed on the cloud platform, which facilitates copyright protection.
Theunified platform and development interfae@ablesmalland mediurrsized enterprise®
invest in VR game development and enrich content.

Local/Online VR games (rendered locally) Cloud VR games
(content and rendering to the cloud)

____-'I _______ T

— r@ﬂ o

Local : ! Al Cloud application
WiredHMD  rendering PC | | Game server -|\:f1-Rone ONT : and rendering

_________ I—————L——————— 1 server

» Lower requirements on terminals with Cloud
User * Inconvenient for movement with a wire rendering

Experience * Inconvenient to wear a heavy PC+VR HMD | « Unwired HMD

» More types of terminals accessed

» Decoded playing by all-in-one VR

User Cost Over 10,000 RMB for a PC+VR HMD - Less than 3,000 RMB for terminals

Content » Difficult offline content management » Easy content management
Copyright * No copyright protection provided * Guaranteed copyright

VR games are highly interactive, immersive, and interesting, and are suitable for home
entertainment. Cloud VR hedgeduce the threshold for VR games and is suitablerifoging
VR technology tahe home andhaking ita new familyentertainment mode.

Lightweight games and large gamesgo parallel to meet the requirements of different
types of users.

Gamers who want teelax and enjoy casual games can connect to the cloud through home
Wi-Fi by using cordlesall-in-oneVR machine or mobile phones with VR glasses. This kind
of game use3DoF modewith gamers usually staimdj or siting.

Simple gamessuch as interactéspuzzle questions and children's fun games/ be operated
throughhead rotation and sight focusome games, such as shooting games, may require the
use of the functional buttons on HMDs or touchpads. More complex games may require a
joystick connectedhroughBluetoothto improve user experiencéhroughimmersive visual

and auditory effects. This is a compromise between VR games and traditional games, and is
very suitable for @asualplay.
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Hardore players will never be bored by games because theyusa®C VR devices
connecedto the converged home gatewagr use cordless 6Daill-in-one VR machineto

connect to the cloud through Wi to play strondy interactive and immersive 6DoF games.

The experience of Cloud VR games is almost the same asf iRt gamesendered on local

PCs. Gamers can move within a certain range at home, such as squat to bypass bullets, or use
both hands to shoot. This filbdied game mode allows users to feel a strong sense of
immersionand issuitable for longer experiea and more complex games. Cloud VR games

are popular not only for ddren and family entertainmerthut for gamers who are really keen

on games, because gamers do not need to pay for local rendering terminals and do not need to
update configurations taeurehigh performance.

Games can be playedraywhere a WiFi acces network is provided.

With decent Internet acceasda portableall-in-one VR machiner mobile phone with VR
glasses, gamers can continue to play gaenes when they are nat home. Dudo limited
spacefor movement activitythis scenarigs mainly suitable foBDoF casual games. In places
such as waiting roosand coffee shap users can weanddMD andconnect to the cloutb
play casual games instead of playwith phones.

3.4.3Industry Situation

Mature terminals let gamers focus more on interaction, and the visual effect meets
the current experience requirements.

Excluding the specific HMDs foWR IMAX, the current VR HMDs support 3DoF
lightweight games. Most of the 6DoF games are supgdsy wired HMDB. A few of
cordless HMDs that support 6DoF ganaesin the presalephase Gamesequirestrong
interactions, and therefogamers pay more attention to ithiteractiors with the game
environment and are less sensitive to the resolitigamingthanin watching videos.

The resolution of HMDs used for games ranges from 2K to 2.5K for lightweight games,
and is about 3K for higkend games. The current termmalre highlymatue, but to
supportan ultimate gamingexperience, display effeaeeds to be improved. According

to theCloud VR Bearer Netwoskthe resolution for user enttgvel experiencenustbe

8K in full view, and 1920*1080 for the single eye.

Strong interaction requires a highquality network to ensure user experience, so
operators have great advantages.

To ensure that the experience of the Cloud VR game is the same as thaloollize
rendered/R game, high bandwidth and Idatencyare required for the network. Based

on the existing VR content and terminals, the avebagelwidth occupied by Cloud VR
games is 30 to 40 Mbit/s. To ensure that users can smoothly play games and are not
dizzy while playing the E2Elatencymust be less than 50 m&ccording to theCloud

VR Bearer Netwosk to meet the entrevel experience fousers, the networknust

ensure that the bandwidth can reach 200 Mbit/s and that the RIBDu&10 ms.This

high requirement makakeimplemenationof OTT Cloud VR gamedifficult.

A prototype platform has emerged and the Cloud VR game will be the
groundbreaking strong interactive serviceon the cloud platform.

Cloud technology is a mature technology. For example, NVIDIA and Sony have invested
in the cloud gaming industry, and some cloud gaming platforms are being launched.
Although the Cloud VR gam&s a new business, thesge no techwlogical barries.
Huawei iLab has worked with partners to develop E2E prototypeading the user end

and cloud platform.

Games are one of the mgsipular entertainmenfs a type of services that attract users
andincrease user loyalty, the Cloud VR game will be the first type of interactive services
aggregated on the cloud platform. In addition, the cloud platform can attract content
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providers to continue to invest. Phenomenal games can attract gamers and promote
platform development.

3.4.4Business Model

- R

| 1 1 1
: : Procurement/Sales commission : cl’_P_e[a_t‘fr_ - : « Consumption : User :
! ' 1 Common of props and
1 1 prop: I 1
: : VR game terminals : | cloud games i emoticons : I
___________ —l oo ] 1 1
| VR game : | ) ! I | |+ Sales of : '.’ I
i peripheral | I ! i | \ | peripheral I ' ‘ :
| vendor : | | g | | products such | ‘ |
| " j iRevenue sharing! ° | asperipherals ! I
e —-—-———- 1 ; 1
| | | Comprehensive | ' | 3Dgames | | and souvenirs ! Common I
e e I | serviceprovider | g 2 0| ! | +Monthly game gamers |
X | technoloay + ' g | 1 package I N
mTTTTTTT . RapesrncARNIE-SI |l . |
| conten 2 I I I
: : : : operation : g : : Consumption : :
I S, L}
| &= (] ] 1 1
1
| I | 3 | Intensification | :
| : ___________ ) , game services | |
| WR ' | b 18 ' | '
I ame rocuremen - I I I
I g ' | Technology ' - I ® I I ‘ I
,  developer/ | | RaD/service | Pddng i g I | I
I rovider L TR - ) R X )
I p I I Provider I 1 O I Othergame : : | | Professional :
| | | I Software | I “services 1 1 i gamers |
i | . ' services : | 11 ! ]
L, S TTTmTmTmTmT T - 11 I 1
| : Copyright purchase/Revenue sharing : : 11 : 1
1 ] 1
1 : | ! : 1 1 1
[} | } ] 1

3D VR games

3.5Cloud VR Education: The New Direction of Education
Innovation Facilitates the Systematic Development of VR
Education

3.5.1Definition

VR technology is used to build a virtual learning environment, such as the virtuabjabt
movement in the universe, and microscopic world in biology. The abstract and unintelligible
knowledge is presented vividly and intuitively. Users can enter the virtual claspo@n
immersivelearning experience through VR devices, instead of oning information in
textbooks.

3.5.2Application Scenarios

Educationcomprises a large sharelmisiness and consumer markeisd thespendingoower

of users is also strong. Emerging information technology is converging with the traditional
education indusyt and VR education is a newffshoot of this convergenc&he education
content on the Cloud VR platform can make VR education systematic courseware
developnent easy, content updates and maintenance centralized, and learning co3thiewer.
embarrassingituation of selling hardware in the name of education can be changed.

15



Cloud VR Scenario White Paper

VR education is the blue ocean of education innovation.

Globally, theeducation markes vast. According to the report from Goldman Sachsy#bae
of VR education market will reach300,000,000 in 2020 and $700,000,000 in 2@2%, VR
will become a basic education tool.

2017-2025 Global VR Education Market Potential

= Revenue (USSM) — Growth rate
800 117% 150.0%
700 100%
0

600 100.0%
500 3% 50.0%
400
300 0.0%
200 -50.0%
100 I

0 . -100.0%

2017E 2018E 2019E 2020E 2021E 2022E 2023E 2024E 2025E

Source: Goldman Sachs Global Investment Research

Google has launched the Google Expedition platform to provide Cardboard products for
schools free of chargBy usingmobile a phonewith VR glasses, students canjoya virtual
learning journey. Tis platform has more than 100 education contents.

Cloud VR will help VR education get out of trouble.

The mainproblemin the VR education marké inadequate quantity and qualfyr forming

a systemlIn order to selproducts, content production companies and education institutions
tend to develop unilateral content or gather content and sell them together with hardware. This
phenomenon leads to the difficulity monetizing education contergxpanding the market,
andlow ecological efficiency.

Cloud VR provides a content cloud platform and unified development standards for VR
education. Content providers can focus on content production wisttayting to different
types ofterminak or searching for buyer3he cloudplatform also facilitates copyright
managemenprotects thenthisiasmof content providerfrom pirated content, and improves

the prosperity of the entire ecosystem.

For users, the content of the Cloud VR education can be updated in time. The contdat pr
maintains the content in a unified manner. No matter whether the user is an individual or a
educational institutionthe user does not need to update the content periodically. Students can
directly access the cloud platform using VR HMDs and coievitly browse content in real
time.

There are many types of education market segments. Cloud VR education application
scenariogan beclassified into the following types:

2C: Consumer education content

This scenario is applicable to individual users. sennect theiPC VR orall-in-one VR
machinego the cloud through the home gateway orRlianduser experiencis ensured by
homebandwidth.
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The content mainly includes rich scieragwledge, skill training, language learning and so
on, and most of hie applications areseltcontaingl and interesting. For example, the
spacewalkapplication allows users to experience how astronauts live and iwarlspace
station. The micravorld applicationallows users to penetrate into the microscopic world in
their kitchens and observe bacteria and microorganismspiieaiously canbe seenonly
through microscopes. The English learning application allows usergprétend to be
customers or waiters in a simulated coffee shoppractice English communicatienCloud

VR educatiorturns thehomeinto a classroom.

2B: K12 education for schools

This scenario is orientedvi@rdsthe basic education of primary and middle school students.
Students can connect to the campus network thraillgh-one VR machinesto watch ad
experience the content arranged by the teacher. The teacher's control end is connected to the
same network to control the students' learning content in a unified mannterexqdain the
contentquickly.

K12's Cloud VR education is mainly based on damontens across types ardisciplines

The aim is to help students ledrardto-understandknowledge in an immersive experience in

a short time, and strengtheheir memory ability. In addition, the content needs to be
systematized based on the syllabEkor example, in the existing VR experiment courseware
for junior middle school chemistry, students can conduct experiments on their own. If reagent
is added incorrecthysimulatedexplosion may occurllowing studentsto learn the lessons
without being exposed toany danger. Therés also coursewarabout themovementof
celestial bodies and human blood components to help students experience knowledge in
person. Cloud VR education is not only for science, but also for many liberal arts. For
example, ifthe courseware presents a poem abbldunt Lushan, VR education allows
students to visiMount Lushan, look at the local customs, and even see the appearance of
Mount Lushan in ancient times. Cloud VR education can stimulate students' interest, so that
students are more willing to study and learn.

2B: Professional training for enterprises

For enterprises, contentistomization is more important than diversitye trainescan use
cordlessall-in-oneVR machinego connect to the cloud through the netwdrkey may also
weara more customized action capture devige multi-person collaboration training in a
dedicated space.

Cloud VR education can provide higjuality simulation oftraining scenariosthat would

have been both dangerous and expensive wiNByfor example, flying, driving, and device
operationtraining For fire escape drills and emergency response ditills,impractical to
create real fireso ensure security. However, in the virtual world, a real disaster scene can be
created for traines to experienceéhe risks and urgency without real dang€ioud VR
education is a loveost and highly secure training solution for enterprises.

3.5.3Industry Situation

Terminal s are mature and the content is insufficient Content needs to be enriched.

The Clad VR education experience impravalongwith that of the Cloud VR video and
game.Existing terminals are mature and hawetthe preliminaryexperience requirements.
However, VR education content is relativelsagmented Consumenriented education
applcations are insufficient, and most companies or studioguatescratchinghe surface

The contents of K12 cannot cover the syllabus of primary school and middle school students.
The training of the enterprise has not been widely implemented.

The causeof this situation is that the ecosystdms not been establisheshd content
providers cannot focus on content production. VR education requires abaeed platform

17



i Lob Cloud VR Scenario White Paper

to improve content distribution efficiency amo ensurethe rights and interestsf content
providers.

2B services require bandwidth guaranteg and operators' private lines can solve the
problem.

For 2C services, user experience can be guaranteed if the network environment is similar to
that of Cloud VR videos and Cloud VR gamiewever,for 2B services, regardlesghether

for schools or enterprises, many people are learning and training at the san@pimatos'

private lines can ensure that each student in multiple classrooms cara lgaoel user
experience.

Education is a rigid demard. VR education is widely recognized and is most suitable for
the first aggregated industry application.

Content companies, terminal companies, education institutions, and schools recognize the
value of VR education. Companies such as Google and Micrasefinoving into the
education markeflerminal and content companiesChina are also cooperatitgmakeVR
educationaccessibldo hundreds of primary and middle schools. Education is regarded as a
rigid demand As one of the Cloud VR industry applicais, education is most likely to bee

first industry applicationsaggregatedon the cloud platform, and théusinessmarket
promotes the prosperity of ttensumemarket.

3.6Cloud VR Marketing: New Retail Marketing Mode
3.6.1Definition

VR technologies enable esumers to visistoresand interact with products. Consumers can
actively choose their favorite products and AOV, and experience the advantages of the
products. Theseexperience can make consumers mongilling to purchasethe products,

which is the markiing purposeof thevendors

3.6.2Application Scenarios

There are many forms of R/ marketing,including 360°panoramic advertisements, bdiiit
advertisements in apps, VR live advertisements, and brand experience aclivéses can be
classified into dedicatl VR promotion content and advertorials embedded in other VR
content.

VR marketing stimulatesthe senses andirives demand

The selling point of VR marketing lies in the stimulation of users' senses. Users may not be
able to directlyexperiencethe produts at home, but VR marketing enables them to
comprehensively understand the products and eserthenvirtually. For example, a car can

be virtually restored by modeling, so that users sameach detail of the vehicle and test
drive it at home. For thenarketing of milk, users can see the source and processing of each
drop of milk through VR videos. Fahe marketing of hotels, hotel rooms can be copied into
the virtual world for users to experience. As long as a proper point of penetration is found, VR
marketing can be applied to almost apye of commoditiesr physical stores.

Built-in advertorials in VR content implement instant purchases without searching.

As Cloud VR services develop, users willeractwith various VR contenincludingpictures,
videos, live broadcast, and gaméslarge number of advertorials can be implantetd
immersive experiences-or example, eye tracking or focus identification can be used in a
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video or live broadcast tidentify a user's interest in a piece of clothestailed information
aboutthe productcanthen be listd in real time, and even anstant purchasingan be
supported Some objects in garaean also become customized by the sponsor as peripherals.
In the main lobby of sociatetworking a virtual exhiltion rack full of various commodities

can be displayed for usersgelect

3.6.3Industry Situation

Some fields have piloted VR marketing, and Cloud VR marketing will develop together
with cloud platforms to achievemutually beneficial situations.

The developrant of servicesvill bring the 2C and 2B platforms of Cloud VR a larger user
base. VR marketing cahenbe deployedn a large scale. As platforms develop, marketing
will gradually develop as wellMarketing content will be added to variolypes ofcontent.

Good marketing content witlrive users to make purchasekvarious types of contenthis
virtuous cycle will build a virtuous ecosystem, allowing cloud platforms and the content on
the platforms to grow together.

3.7Cloud VR eSports Arenas: Multiplayer Video Game
Competiti ons in Vast Environments

3.7.1Definition

In this scenario, VR technologies are appteéSports. Players can play any virtual role in a
game using systems capable of optical motion capture in a large capture volume, accurate
multi-camera synchronization management and computing systems, and special kinetic
devices. They canompete withother players in a new way. The game content is stored and
rendered on the cloud, improving user experience because heavy backpddksices are

no longer needed and multiplayer cooperation and confrontation is possible.

3.7.2Application Scenarios

The eSpace industry is growing, but innovation is needed.

The current eSports market scale is expanding and eSports are sweeping the world. According
to the Global Esports Market Reponpublished by Newzooby 202Q the global eSports
market value will reach the US$1.5 billion mark andnhenber of spectatossill reach 300

million.

Global Esports Market Report
= Revenue (US$B)
User quantity (M)

1.49
0.696
0.493
- 161 . 194 303
2016 2017 2020

Source: Newzoo Global Esports Market Report
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The demand for eSports is growing. However, most eSports are online gamessfor PC
mobile phones. This has not been changed or innovated for years. VR technologies may
presennew opportunities.

Cloud VR eSports arenas will create a new way of gaming and bring ultimate immersive
experience.

Large VR eSports arenpsit moreemphass on individual physicainovementhan traditional
eSports. Therefore, the devicesrn by players must be as light as possible to prevent
hampering the movement or operations of players. With cloud rendering technologies, players
wear only lightweight alin-one VRmachines Playershavemore conveniete and the cost

of devices is lower.

eSports are all about cooperation and confrontation, vhieten more true witilR eSports.
Players of the same team can play in shenephysical space, requiring betteooperation
thanwhenusing their own computers in different places. This virtual game world, combined
with physical body movement of players, creates a new immersive eSports experience.

8 Network

m m

Cloud VR eSports arenas are specialized offline venues equagiechotion capture devices,
offering an experience that players cannot get at home. Players can go to the@ltnachVR
eSportsarenas andompete witheach other over the Internet. Players need to wear motion
capture devices (magky, all-in-one VRmachines, and game peripherals (such as guns and
swords, depending on the game). The game content is stored and rendered on the cloud.
Players only need to connect to the wireless networks at the arenas.

Players can have fun in cooperation or confrontatio.
Thespaciousarenas allow players to play games in cooperation or confrontation mode.

In competitive games, players are grouped into two competing team. For example, in a
snowball fight, the two teams can build their defenses and then throw snaatkalth other,
enjoying a snowball fight even ime summer. They can even play shooting games in outer
space or under the seghich ismore exciting thamutdoor laser tag

They can also have fun in cooperation games. In an escape room adventure cplayers

put into a creepy old house and work closely to find clues and solve puzzles and riddles to
escapdrom the room. VR escape room games overcome the limitations of physical escape
room gamessuch as limited space, arrangement difficulties, and @gfuent update VR
escape room games allow users to play in rageup environment in an immersive way.
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