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Executive Summary

2018 was a reflective year for XR. After an exuberant 2016, followed by a corrective 2017, XR
industries settled into a moderate pace. This includes reset expectations on the size and timing of AR
& VR mar kets, as well a s a naspratiens valltake lengecte rpateaahze.e t

But we saw deep-pocketed tech giants charge ahead with XR. With strong contention that XR
represents the next computing shift, they 6 inwesting in the future of their platforms by gaining early
market share and technological edge. Andth e y 0 r eattaeking XR from different angles.

Apple is investing in AR to fertilize the ground for the future of its hardware business: AR glasses.
Google is cultivating visual search, a close cousin of AR, as a future search modality. Amazon is
embracing AR to boost e-commerce, and Facebook is spending billions to position a VR powerhouse.

Despite XR market softness, it was these moves from tech giants that provided confidence in 2018
for the eventual market arrival. Indeed,t her eds no bigger vote of confi
market than billions of dollars in long-term bets. We believe this will continue into 2019.

One of those key investments wil/ be Facebookos
aggressive price compet it i-leaderapprdadhso ganxearly marketshgre a ¢
and build up the installed base of Oculus headsets. This is already accelerating consumer adoption.

We also learned important lessons in 2018 about AR adoption and behavior. Mobile AR, despite its
potential scale, is gated by consumer AR interest and app quality. And these factors need more time
in the oven. The half-baked quality of many ARkitappshasn 6t sol d t he masses on

But though the scale is relatively low, mobile AR users are showing strong engagement in terms of
frequency of use and other behavior. In formats where engagement is measured heavily, such as AR
ads (branded AR lenses), performance indicators and advertiser ROI are already quite strong.

Meanwhile, there were wild cards played in 2018. Magic Leap One finally launched, coupled with
even more ambitious promises. Applebds acquisitio
the 2021 timeframe. And t he mWRheCdlartivelcorsciousmgzso rt anc

So the question is, where are we now with these and other XR sub-sectors? And what can we expect
in 2019? Drawing from ARtillry | nt e | | depmXRcadérage, we ventured to answer these
guestions. We 0 | | | oo k8thoa cekx tarta c2tO Imeasur abl e | essma®E9. an
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Key Takeaways

=» XR and its sub sectors had a reflective and corrective 2018, due to continued market softness.
> Previous optimism will turn out to be well placed, but in a much longer fulfillment timeframe.
Confidence for XRslong-t er m heal th and opportunity is reinforced b

Moblle AR became the focus in 2018, due to the installed base of 2.6 billion global smartphones.
Mobile holds the capacity for AR scale, but not yet the reality of sizeable active usage volume.

Evolution is required in underlying technology, develo

Native devel opment is particularly i mportant to achi ev

The combination of novelty and utility will strike the right balance for mainstream AR appeal.

A killer app could be released in late 2019 7 a historically-v al i dat ed ti mefr ame after ARK
AR killer apps will be communications, social or utility-oriented, due to recurring/active use cases.

AAR ast uar ef,eca emerged as a success factor for AR in 2018
The dominant business model for AR apps has and will continue to be In-App Purchases (IAP).

| AP has been val i da$2eéidon buynuladve keeeme,ras walbas sur user survey data.

& The AR cloud came into the collective consciousness in 2018 as a critical but missing puzzle piece.
» Key attributes include delivering geo-precise spatial mapping and object recognition data.

Several AR Cloud startups launched in 2018 and tech giants formulated AR cloud strategies.

AR cloud data sources will diversify, including startups and non-Ar entities like autonomous vehicles.

AR as a service (ARaaS) emerged (e.g. Niantic) to democratize AR cloud functionality for developers.

Like the AR cloud, a breakout category in 2019 will be enabling-t ec hnol ogi es or dAbuil ding
These democratize XR creation and distribution, such as creative tools for 3D graphics production.

& Amidst long-term market building, some XR sectors are driving revenue today, such as AR advertising.
» AR ads made $418 million in revenue in 2018, projected to reach $761 million in 2019.

This has mostly been branded AR lenses from social apps like Snapchat and Facebook.

Advantages include immersive product interactions, high consumer engagement, and direct response.
Disadvantages include relatively low reach and short AR sessions, which diminish ad inventory.

AR ads will evolve to include visual search, a user behavior with potentially high commercial intent.

e Wil d cards in 2018 include Magic Leap Oneds | aunch and
Apple will continue to drive ARKit as a developer training ground for an eventual AR glasses era.

Despite 2020 rumors, wed o n 6t b e I-immeevsige ApmerAR dlasses will arrive until 2021-2022.

Magic Leap One received mixed reviews and wondét have a

Enterprise AR is a sleeping giant in terms of potential for scale and impact, but growth will be slow.

Despite continued ROI validation, AR deployments are ¢c
This is mostly due to failure to win over stakeholders like risk-averse IT departments and employees.
A tipping point will come, followed by accelerated adoptionandah er d ment al i tyé but not i

Resistance will break down in 2020, then will follow historical enterprise smartphone adoption patterns.

=» Consumer VR leads XR revenues today, but is flattening while other XR sub-sectors trend upward.
» 2016 and 2017 early adopters have plateaued in vol ume,
With that realization, price competition took over in 2018 to appeal to mainstream consumers.
ARitillry Intelligence consumer survey data indicate that demand inflects at $200 and $400.
Standalone VR leaders will align with these price points including Oculus Go and Prime.
Oc u |l u sléaddr appra@ach to seed its platform will drive its unit sales growth and contract the market.
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Introduction: History Repeats

One word that characterizest he t one of 2 0 1Bodesatiod.Rheiindudtry and itsysubi s
sectors settled into acceptance that the exuberance that defined 2016 (and backlashed into 2017)
was ill-devised. The market will arrive, the feeling goes, but it will take longer than initially expected.

It is indeed a matter of timing. This has parallels to the pre-b u s t 2 Defpledtsbad wrap, e-
commerce revenue forecasting atthatt i me wa s lowhtin fachitenddd up being too low. But
the problem was it was off by about fiveyears. That 6 s sort of where we are

Webdbre witnessing a classic mar We d& alsv confideatechti on and
immersive computing will make its way back to those 2016 lofty aspirations, but not until the tech and
the cultural acclimation go back in the oven for a few years. Market building is the name of the game.

(DETAILED VIEW)

GLOBAL XR REVENUE OVERVIEW

AR = Smart glasses, software (games, apps, etc.), advertising :":ﬁe \;:tzra:r;glgjf
$ VR = Headsets, software, advertising, LBVR admissions i i
60,000 is a greater
’ consumer play. $56,435
o Enterprise and
U.S. $Millions 2020-2021: XR revenues ;

$ hit an inflection point. f:;f:’ggri:?(:me"

$50,000 ?::;z:_:::‘::;; revenue share.

2018 - 2019: XR growth picks glasses. Enterprise

2017: Consumer adoption up, led by enterprise AR and dominates AR, but its

" $40,000 lags. VR leads in revenue -~ consumer VR. Enterprise share will begin to

5 share but ARCore and adoption approaches a diminishes as consumer $16,508
= ARKit lay a foundation for | | !IPPing point in late 2019.due | | AR glasses penetrate. $33,063 ’

= AR growth, given sizeable e e ROlggIns.

hid $30,000 installed hardware bases. | C(?nsumers _accllmate th‘VR, $6.245

“n d In-app purchases show driven by price competition s

= and standalone hardware like 52 074

signs of being the

predeminant mobile AR Oculus Go and Quest.

$20!000 pricing model, but stillno | $1 7,753 $9,413

killer apps.
$
9,365 40
$10,000 $2,371 $5,608 -$2,736 $5.892
$3,836 :izg ‘} :1920 49 $3,468 $809 $15,332
? $3,300 $6,033

$0 9671 e 51,133 ESMAYA

2017 2018 (E) 2019 (E) 2020 (E) 2021 (E) 2022 (E)
Iml m Enterprise AR Consumer AR m Enterprise VR mConsumer VR




Big Bets

The confidence to make the previous statements comes from a few places. Chief among them is the
level of investment being made by influential tech giants that will pave the roads. That includes major
platforms and most not aBppl, Godgle Edvebsok dhd Amazon.h or s e me

For example, Google has a vested interest in AR-based visual search to boost monetizable search
guery volume. Facebook wants to keep us in its walled garden through visually-immersive content
sharing like AR camera effects. It also sees VR as a prominent future modality for social interaction.

Similarly, Apple wants to make the iPhone i its cash cow i sexy again through AR apps. It also
wants to seed AR app development to pre-empt its post-iPhone flagship: AR glasses. And Amazon
wants consumers to use AR to visualize products in-home to boost e-commerce and reduce returns.

Why is all of this important? Knowi ng t hese playersd course headin
paint a picture of our AR futureor A wher e t h e&Gagpsirthe value chgimwillragcordingly
open up for startups and other players that hope to play a role in emerging XR markets.

Driving Forces

To further illustrate the level of motivation driving XR, consider the event that jumpstarted the current
wave of i mmersive c @ihpacquisitoryof Ocklas.cVéhp didat kodjLsre the
company? And why diditpaysomuchia sum thatodés since multiplied

Facebookds VR mfooniadeaire o ownshe direcetonch point (hardware) for the next
era of digital connectivity. It learned this lesson after failing to market a hardware product in the
smartphone era. This ceded direct consumer ownership to Apple and Google.

Given Mark Zuckerbtugbéoseyishandésfnat V& b dahough er h
smartphones are highly conducive to social engagement and connectivity, he sees VR as an even
greater bedfellow for the future of digital social interaction. Facebook wants to be on your face.

And it continues to double down on this vision. Oculus Go was dispatched as a $199 loss leader to
seed an install ed base -dgameplatfothrsirategysOclHus Riftamad@Quesdé s | o
pricing followed suit, making margin-dependent VR companies unable to compete on price.

The key difference is that Facebook can afford the loss leader approach with an eye on the larger
prizezcOwni ng the hardware thatoés essentially aButr oj ¢
that willbe a long-termb et . VROs gl o bigd7 milionsunits With @ ldng Wagsstego.



GLOBAL VR HEADSET INSTALLED BASE

(DETAILED VIEW)
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|m| mANNUAL SALES = INSTALLED BASE

AR RiIses

While investing for the future, Facebook also wants to wage battles for nearer-t er m r evenue v
technological cousin: AR. That opportunity is here today, thanks to mobile AR formats that are
compatible with about 900 million global smartphones. This makes the opportunity scale today.

This is an opportunity that Apple jumpstarted with ARkit and continues to cultivate in its own strategy.
Like Facebook, it has short and long-term plans. The former involve mobile AR apps, which drive its
central iPhone profit center. The latter involve its post-iPhone device: AR glasses.

2018 saw a string of acquisitions, patent filings and rumors that point to a 2020 AR Glasses launch.
This could be aggressive given the cycles of Moo
and power efficiencies for stylistically-marketable glasses. We believe it will be more like 2021-2022.

Meanwhile, ARKit apps will be a sort of training ground for developers to build AR skills. Apple has
given them a few years to do so and is hoping that this lead time will seed apps and content libraries
that can drive AR glasses appeal and utility. ltds a big bet for Appl eds
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ARCORE + ARKIT INSTALLED BASE

AR-Compatible smartphones versus active users (DETAILED VIEW)

4,000
Millions of Units
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3,000
. 2,607
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§
1,500
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1,000 800 — —
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o0 2] 129.2 3307 — S e
.47.66 :
0
2017 2018 (E) 2019 (E) 2020 (E) 2021 (E) 2022 (E)

le m AR-Compatible Phones Monthly Active AR Users

Revenue Today

Another short-term mobile AR strategy feeds into the business models of social giants like Facebook
and Snapchat: advertising. Their revenue correlates to the time we spend in their apps. AR brings
more ammunition to keep us there longer through visually immersive content to share with friends.

AR ads also drive revenue directly. AR lenses are developing in ways that let consumers plant and
visualize products in their immediate surroundings. These can be demonstrable and highly engaging
ad experiences on Facebook and Snapchat, such as trying on fashion accessories.

Using F a ¢ e b oCarketa<£ffects platform, Michael Kors built a campaign that lets users jump from a
News Feed ad to a front-facing camera activation that virtually tries on sunglasses. Nike spotlighted a
new shoe release by letting users place it virtually in their space then walk around (and buy) the shoe.

Foot Locker and Jordan Brand similarly devised an AR campaign to run on Snapchat. Using
S n a p ¢ hAa to@Rofofimat, users swiped up on a related story to reveal a branded lens. In this
case, the lens featured an AR animation for a new shoe release, and ability to buy the shoe.

This makes AR a rare fAfull funnel 0 adputhasesnehe i nc
latter demonstrates advertiser ROI through real conversions (see figure below). This attracts
increasingly data-hungry and ROI-oriented advertisers, and breaks down AR adoption barriers.
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Figure: AR Ad Campaigns & ROI

Advertiser App/Publisher Campaign Dynamics Results

Facebook Messenger Car visualization via 46 percent boost in
AR overlay, launched dealer inventory
from Kiads F|searches; 20 percent
Messenger Bot. boost in phone calls.

Facebook Messenger Cust omer s fiv|Achieved 10x
unboxo | at es|engagementcompared
ZenPhone 5 via AR to non-AR campaigns.

visualization launched
from Messenger.

In-home furniture 11x increase in
visualization of alarge | purchase intent. 2.7x
portion H| increase in time-in-app.
online catalog

Visual Search

Most AR ad campaigns so far involve ads that are programmatically pushed to users in a targeted
way. This is analogous to digital display ads today. Indeed, many of those AR activations piggyback
on existing display ad channels and networks mentioned above, such as Facebook and Snapchat.
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But beyond that push format, what alpdlutWebdeeadt e
referring t 690bilkoa pecykarindudtry)'svhoae success has a lot to do with its
contextual relevance and alignment with user intent. That 6 s because users expl.

Thispushversuspulldel i neati on will pl ay i Justasthd Rebataltecemtit i s i
display ads before search was introduced. a similar progression will happen inAR. That 6 s why t
above examples are display-h e avy i n AR pasd nmakeat shgre wdllshjiftover time to search.

If you think about it, AR is inherently a form of search. But instead of typing search queries in the
traditional way, the sea&mra@ah ainmputhei seyagwcrh pihtemaean®
These dynamics will cause search to gain prominence in AR in user adoption and ad revenue.

The way this is taking shape so far is Avisual s
their phones at items to retrieve information (or transact). Its use cases and product categories will
materialize over time, leaning towards commercially-oriented searches like fashion and apparel.

Specifically, we project AR advertising to grow from $167 million in 2017 to $2.46 billion in 2022. This
is dominated by display-oriented AR advertising like the examples in the previous section. But over
time, visual search-based advertising willgainshareas it 6s devel oped .by Goog



