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1 Introduction
During SA4#99 the New Study Item on “on eXtended Reality (XR) in 5G” in S4-180973 was agreed and afterwards approved in by SA plenary #81 in SP-180667.

The objective of this Study Item is to investigate the relevance of Augmented and Extended Reality in the context of 3GPP by:

· Analysing the different technologies and equipment in place that provide an Extended Reality experiences.

· Collecting the associated use cases and identifying the 3GPP service(s) they map to

· Analysing and identifying the media formats (including audio and video), metadata, accessibility features, interfaces and delivery procedures between client and server required to offer such an experience

· Identifying relevant client and network architectures and APIs that support XR use cases

· Identifying relevant QoS service parameters and other core network and radio functionalities that would be required or at least beneficial for XR use cases
· Collecting key performance indicators for relevant XR services and the applied technology components.

· Possibly conducting subjective tests so as to estimate the audio and video formats and encoding parameters required for ensuring the quality of experience as considered necessary

· Studying the processing requirements (both audio and video) and associated issues such as spatial resolutions, frame rate, latency and accuracy of field of “view” rotation

· Collecting information on market and standardization status and communication with relevant 3GPP groups and external organizations

· Drawing conclusions on the potential needs for standardization in 3GPP.
This document responds to the first topic.

2 Technology Clusters

· Content

· Capturing and Production

· User-Generated
· Professionally Cinematic
· Computer-Generated
· Mixed
· Devices

· VR

· AR

· Platforms and Ecosystems
· Chipset
· Compression and Delivery
3 XR Form factors

Figure 1 provides an overview of XR form factors. 
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4 Ecosystems and Platforms

Oculus:

· Primary Focus: VR (Standalone and PC)
· Devices: Go (3DoF) launched, Quest (6DoF) early 2019
Google:
· Primary Focus: AR/AI (Smartphones + Lens) + Enterprise Glass

· Some technologogies
· Daydream VR
· ARCore
· Smart Lenses
· Google Glass 
HTC Vive
· Primary Focus: VR (Standalone and PC)
Microsoft

· Primary Focus: AR (Standalone), PC VR
Apple:

· Primary Focus: AR/AI (Smartphone and Sensors)
· Some technologies:

· ARKit

Samsung:

Magic Leap

· Magic Leap Display Technology
· Images are “projected” onto the focal planes via waveguide.

· Six-layer waveguide display (akin to placing two translucent mini-TVs in front of one another). 

· Custom projector and lens combination system that displays red, green, and blue colors at separate depths

· Creates the illusion of three-dimensional objects that can more realistically appear to blur with distance.

Also lots of activities start in China.

5 Display technology

Different form factors for VR/AR demand different display and optics technology for similar converged experiences. Some requirements:

· XR devices require high FOV, high resolution, slim lenses that are extremely low power solutions for true immersive experience

· True multi-focal displays require novel display designs and techniques such as eye-tracking and scene decomposition

· Extreme Demands in Displays push also results in significant challenges in System-on-Chip, such as throughput, refresh rates. Power consumpzion 

	Display Type
	VR
	Display Type
	AR

	LCD
	· High resolution support
	LCD
OLED
	· Direct view displays are limited to bird bath design 

· Bulkier form factor

	OLED
	· Cost prohibitive, limited resolution
	LCOS 
DLP
	· Current: Off-the-shelf LCOS & DLP for projectors.

· Limited resolution, Low FOV, High power consumption

	LCOS
DLP
uOLED
uLED
	· Limited FOV due to size of display
· Mass Production issues for high performance uOLED and uLED
	uOLED
uLED
	· Best in class power consumption
· High resolution, Low production yields and high cost


6 XR Perception Requirements

	Awareness of the user:

· Head-tracking

· Eye-tracking

· Face expression

· Hand tracking

· Body tracking

· Body pose est.
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	Awareness of the environment

· Safe zone discovery

· Dynamic obstacle warning

· Geometric and semantic environment parsing

· Environmental lighting

· World mapping
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	Low Power Consumption:

· Sparse GPU rendering
	


7 AR SDKs

· ARKit

· ARCore
8 Attached Presentation

Attached are two presentations that were given and DVB World and IBC on this topic, also introducing some detailed on technologies.
9 Proposal
It is proposed to collect to a set of technologies for XR5G. It is proposed to collect technology clusters based on this document and create placeholders in the TR as follows:
· Form Factors and Devices

· Etc.
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