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Foreword 
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP). 

The contents of the present document are subject to continuing work within the TSG and may change following formal 
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an 
identifying change of release date and an increase in version number as follows: 

Version x.y.z 

where: 

x the first digit: 

1 presented to TSG for information; 

2 presented to TSG for approval; 

3 or greater indicates TSG approved document under change control. 

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, 
updates, etc. 

z the third digit is incremented when editorial only changes have been incorporated in the document. 

Introduction 
Augmented Reality (AR) and Mixed Reality (MR) promise to provide new experiences for immersive media services. 
The form factors of the devices for these services are typically not expected to deviate significantly from those of 
typical glasses, resulting in less physical space for the various required components such as sensors, circuit boards, 
antennas, cameras, and batteries, when compared with typical smartphones. Such physical limitations also reduce the 
media processing and communication capabilities that may be supported by AR/MR devices, in some cases requiring 
the devices to offload certain processing functions to a tethered device and/or a server. 

This report addresses the integration of such new devices into 5G system networks and identifies potential needs for 
specifications to support AR glasses and AR/MR experiences in 5G. 

The focus of this document is on general system aspects, especially targeting visual rendering on glasses, and may not 
be equally balanced or equally precise on all media types (e.g. on haptics, GPUs, audio). For example, extrapolations on 
architectural aspects derived for primarily visual media pipelines to audio pipelines may require confirmation based on 
further study. 
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1 Scope 
The present document collects information on glass-type AR/MR devices in the context of 5G radio and network 
services. The primary scope of this Technical Report is the documentation of the following aspects: 

- Providing formal definitions for the functional structures of AR glasses, including their capabilities and 
constraints,  

- Documenting core use cases for AR services over 5G and defining relevant processing functions and reference 
architectures, 

- Identifying media exchange formats and profiles relevant to the core use cases, 

- Identifying necessary content delivery transport protocols and capability exchange mechanisms, as well as 
suitable 5G system functionalities (including device, edge, and network) and required QoS (including radio 
access and core network technologies), 

- Identifying key performance indicators and quality of experience factors, 

- Identifying relevant radio and system parameters (required bitrates, latencies, loss rates, range, etc.) to support 
the identified AR use cases and the required QoE,  

- Providing a detailed overall power analysis for media AR related processing and communication. 

2 References 
The following documents contain provisions which, through reference in this text, constitute provisions of the present 
document. 

- References are either specific (identified by date of publication, edition number, version number, etc.) or 
non-specific. 

- For a specific reference, subsequent revisions do not apply. 

- For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including 
a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same 
Release as the present document. 

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications". 

[2] 3GPP TR 26.928: “Extended Reality (XR) in 5G” 

[3] Wireless Broadband Alliance, “5G and Wi-Fi RAN Convergence”, April 2021. 

[4] Khronos Group, The OpenXR Specification, 1.0, 
https://www.khronos.org/registry/OpenXR/specs/1.0/html/xrspec.html 

[5] W3C, WebXR Device API, W3C Working Group Draft, https://www.w3.org/TR/webxr/ 

[6] ISO/IEC 23090-13:2022 DIS: “Information technology — Coded representation of immersive 
media — Part 13: Video Decoding Interface for Immersive Media” 

[7] Miscrosoft Azure KinectTM DK documentation, https://docs.microsoft.com/en-us/azure/kinect-dk/ 

[8] Google ARCoreTM: Use Depth in your Android app, 
https://developers.google.com/ar/develop/java/depth/developer-guide  

[9] Microsoft Azure KinectTM DK documentation: Use Azure Kinect Sensor SDK image 
transformations, https://docs.microsoft.com/en-us/azure/kinect-dk/use-image-
transformation#overview 

iTeh STANDARD PREVIEW
(standards.iteh.ai)
ETSI TR 126 998 V17.1.0 (2022-10)

https://standards.iteh.ai/catalog/standards/sist/94d969f7-f7e0-481d-95cb-
26ccdb7990b8/etsi-tr-126-998-v17-1-0-2022-10

https://www.khronos.org/registry/OpenXR/specs/1.0/html/xrspec.html
https://www.w3.org/TR/webxr/
https://docs.microsoft.com/en-us/azure/kinect-dk/
https://developers.google.com/ar/develop/java/depth/developer-guide
https://docs.microsoft.com/en-us/azure/kinect-dk/use-image-transformation
https://docs.microsoft.com/en-us/azure/kinect-dk/use-image-transformation


 

ETSI 

ETSI TR 126 998 V17.1.0 (2022-10)83GPP TR 26.998 version 17.1.0 Release 17

[10] Daniel Wagner, Louahab Noui, Adrian Stannard, "Why is making good AR displays so hard?", 
LinkedIn Blog, August 7, 2019, https://www.linkedin.com/pulse/why-making-good-ar-displays-
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[11] Daniel Wagner, "MOTION TO PHOTON LATENCY IN MOBILE AR AND VR", Medium Blog, 
August 20, 2018, https://medium.com/@DAQRI/motion-to-photon-latency-in-mobile-ar-and-vr-
99f82c480926 

[12] Yodayoda, "Why loop closure is so important for global mapping", Medium Blog, December 24, 
2020, https://medium.com/yodayoda/why-loop-closure-is-so-important-for-global-mapping-
34ff136be08f 

[13] 3GPP TS 22.261: “Service requirements for the 5G system” 
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 3 Definitions, symbols and abbreviations 

3.1 Definitions 
For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following 
apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP 
TR 21.905 [1]. 

5G AR/MR media service enabler: A 5G AR/MR media service enabler is supporting an AR/MR application to 
provide AR/MR experience using at least partially 5G System tools.  

5G System (Uu): Modem and system functionalities to support 5G-based delivery using the Uu radio interface. 

AR/MR Application: a software application that integrates audio-visual content into the user’s real-world environment.  

AR/MR content: AR/MR content consists of a scene with typically one or more AR objects and is agnostic to a 
specific service. 

AR Data: Data generated by the AR Runtime that is accessible through API by an AR/MR application such as pose 
information, sensors outputs, and camera outputs. 

AR Media Delivery Pipeline: pipeline for accessing AR scenes and related media over the network. 

AR/MR object: An AR/MR object provides a component of an AR scene agnostic to a renderer capability. 

AR Runtime: a set of functions that interface with a platform to perform commonly required operations such as 
accessing controller/peripheral state, getting current and/or predicted tracking positions, general spatial computing, and 
submitting rendered frames to the display processing unit.  
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Lightweight Scene Manager: A scene manager that is capable to handle a limited set of 3D media and typically 
requires some form of pre-rendering in a network element such as the edge or cloud. 

Media Access Function: A set of functions that enables access to media and other AR related data that is needed in the 
scene manager or AR Runtime in order to provide an AR experience.  

NOTE: In the context of this report, the Media Access function typically uses 5G system functionalities to access 
media. 

Peripherals: The collection of sensors, cameras, displays and other functionalities on the device that provide a physical 
connection to the environment. 

Scene Manager: a set of functions that supports the application in arranging the logical and spatial representation of a 
multisensorial scene with support of the AR Runtime. 

Simplified Entry Point: An entry point that is generated by 5G cloud/edge processes to support offloading processing 
workloads from UE by lowering the complexity of the AR/MR content. 

Spatial Computing: AR functions which process sensor data to generate information about the world 3D space 
surrounding the AR user.  

XR Spatial Description: a data structure describing the spatial organisation of the real world using anchors, trackables, 
camera parameters and visual features.  

XR Spatial Compute Pipeline: pipeline that uses sensor data to provide an understanding of the physical space 
surrounding the device and uses XR Spatial Description information from the network. 

XR Spatial Compute server: an edge or cloud server that provides spatial computing AR functions. 

XR Spatial Description server: a cloud server for storing, updating and retrieving XR Spatial Description. 

3.2 Symbols 
Void 

 

3.3 Abbreviations 
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An 
abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 
3GPP TR 21.905 [1]. 

5GMS 5G Media Streaming 
AAC Advanced Audio Coding 
AF Application Function 
AGW Access GateWay 
API Application Programming Interface 
AR Augmented Reality 
ARF Augmented Reality Framework 
AS Application Server 
ATIAS Terminal Audio quality performance and Test methods for Immersive Audio Services 
ATW Asynchronous Time Warp 
AVC Advanced Video Coding 
BLE Bluetooth Low Energy 
BMFF Based Media File Format 
BoW Bag-Of-visual-Words 
CAD Computer Aided Design 
CGI Computer Generated Imagery 
CMAF Common Media Application Format 
CoM Centre of Mass 
CPU Central Processing Unit 
CSCF Call Session Control Function 
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DASH Dynamic Adaptive Streaming over HTTP 
DC Data Channel 
DCMTSI Data Channel Multimedia Telephony Service over IMS 
DIS Draft International Standard 
DoF Degree of Freedom 
DRX Discontinuous Reception 
DTLS Datagram Transport Layer Security 
EAS Edge Application Server 
EDGAR EDGe-Dependent AR 
EEL End-to-End Latency 
eMMTEL Evolution of IMS Multimedia Telephony Service 
EMSA Streaming Architecture extensions for Edge processing 
ERP Equirectangular Projection 
EVC Essential Video Coding 
FDIS Final Draft International Standard 
FFS For Future Study 
FLUS Framework for Live Uplink Streaming 
FoV Field of View 
FPS Frame Per Second 
G-PCC Geometry-based Point Cloud Compression 
GBR Guaranteed Bit Rate 
glTF Graphics Library Transmission Format 
GPS Global Positioning System 
GPU Graphics Processing Unit 
HDCA High Density Camera Array 
HEVC High Efficiency Video Coding 
HLS HTTP Live Streaming 
HMD Head-Mounted Display 
HOA Higher-Order Ambisonics 
HTML HyperText Markup Language 
HTTP HyperText Transfer Protocol 
ICE Interactive Connectivity Establishment 
IMS IP Multimedia Subsystem 
IMU Inertial Measurement Unit 
ISG Industry Specification Group 
ISOBMFF ISO Based Media File Format 
ITT4RT Immersive Teleconferencing and Telepresence for Remote Terminals 
IVAS Immersive Voice and Audio Services 
JPEG Joint Photographic Experts Group 
JSON JavaScript Object Notation 
KPI Key Performance Indicator 
LI Lawful Interception 
LIDAR LIght Detection And Ranging 
LSR Late Stage Reprojection 
MAF Media Access Function 
MBS Multicast and Broadcast Services 
MIoT Mobile Internet of Things 
MMT MPEG Media Transport 
MPD Media Presentation Description 
MPR Maximum Power Reduction 
MR Mixed Reality 
MRF Multimedia Resource Function 
MSH Media Session Handler 
MTSI Multimedia Telephony Service over IMS 
NAT Network Address Translation 
NBMP Network Based Media Processing 
OHMD Optical Head Mount Display 
OMAF Omnidirectional MediA Format 
OpenGL Open Graphics Library 
OTT Over-The-Top 
PBR  Physically-Based Rendering 
PCC Point Cloud Compression 
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PCF Policy Control Function 
PDU Protocol Data Unit 
PLY PoLYgon file format 
PRACK Provisional Response Acknowledgement 
RAN Radio Access Network 
RFC Request For Comments 
RP Reference Point 
RTC Real-Time Communication 
RTP Real-time Transport Protocol 
SDK Software Development Kit 
SDP Session Description Protocol 
SIFT Scale Invariant Feature Transform 
SID Study Item Description 
SIP Session Initiation Protocol 
SLAM Simultaneous Localization And Mapping 
SRTCP Secure Real-time Transport Control Protocol 
SRTP Secure Real-time Transport Protocol 
SSE Server-Sent Events 
STAR STandalone AR 
STUN Session Traversal Utilities for NAT 
SURF Speeded Up Robust Features  
TCP Transmission Control Protocol 
TLS Transport Layer Security 
ToF Time of Flight 
TPU Tensor Processing Unit 
TURN Traversal Using Relays around NAT 
UE User Equipment 
USB Universal Serial Bus 
V3C Visual Volumetric Video-based Coding 
V-PCC Video-based Point Cloud Compression 
VDE Video Decoding Engine 
VDI Video Decoding Interface 
VPU Vision Processing Unit 
VVC Versatile Video Coding 
WebRTC Web Real-Time Communication 
WLAR WireLess tethered AR 
WTAR Wired Tethered AR 
XHR XML HTTP Request 
XMPP eXtensible Messaging and Presence Protocol 
XR  eXtended Reality 

4 Introduction to Glass-type AR/MR Devices 

4.1 General  
After a series of feasibility studies and normative work on Virtual Reality (VR), the feasibility study on eXtended 
Reality (XR) in 5G (FS_XR5G), documented in TR 26.928 [2], analysed the frameworks for eXtended Reality (XR) as 
a conceptual umbrella for representing the virtual, augmented, and mixed realities in a consistent fashion. This study, 
5G glass-type Augmented Reality (AR) / Mixed Reality (MR) classified the XR devices into different form factors, 
including AR glasses, also referred to as optical head-mounted displays (OHMDs) and pointed out their power and 
tethering issues with the sidelink. A key aspect of this study is to identify the details of AR glasses including the 
capabilities for communication, processing, media handling, and offloading of power consumption. 

Augmented reality composites virtual objects with reality. The compositing is a combination of light from real world 
and light presented on display to make them visible together to a user's eyes. Challenges in AR include the prediction of 
the real-world image visible to the human eye, and the accurate positioning and presentation of the virtual image on the 
display of AR glasses. To display a virtual image in front of a user's eyes, an optical see-through display is installed 
between the real world and the user's eyes, typically and most conveniently done with AR glasses. 
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In order to track the real-world space in which to place the virtual objects, sensors and in particular cameras are required 
to capture a live-action image visible to the human eye. Typically, multiple sensors and cameras are needed to construct 
a three-dimensional geometry around the user, called the user’s geometry. The perception of geometry and the mapping 
of AR glass in geometry is referred to Simultaneous Localization and Mapping (SLAM), also introduced in some 
details in TR 26.928. 

When AR objects are placed in the user’s geometry, these objects are anchored to a part of the real-world geometry. 
With users moving, maintaining augmentation and consistency between reality and the user's geometry is challenging 
and requires continuous data flows and processing. In order to support devices with low power consumption, split 
processing such as split rendering or split perception are technologies to offload processing to powerful network 
servers. Such split processing approaches are considered beneficial or even essential for satisfying AR experiences, but 
add new necessary processes and challenges. This encoding, transmission, decoding, correction of rendering data and 
sensor/camera data over 5G networks, altogether pose challenges on bitrates, reliability requirements and latencies. 

Based on the findings in clause 8 of TR 26.928, this clause follows up on some parts of the conclusions and proposed 
short term actions: 

- Develop a flexible XR centric device reference architecture as well as a collection of device requirements and 
recommendations for XR device classes based on the considerations in clause 7.2 of TR 26.928.  

- Study detailed functionalities and requirements for glass-type AR/MR UEs with standalone capabilities 
according to clause 7.6 of TR 26.928 and address exchange formats for AR centric media, taking into account 
different processing capabilities of AR devices. 

Three different types of device reference architectures are identified in this clause. One major distinction among these 
types is the device capabilities of whether stand-alone processing of required AR media processing (in clause 4.2.2.2) or 
having dependencies on an entity in charge of offloading of power consuming processes, which the entity may be a 
cloud/edge service (in clause 4.2.2.3) and 5G wireless connectivity (in clause 4.2.2.4). 

For the detailed functionalities for the device reference architecture of AR glasses, AR runtime (in clause 4.2.3) is 
identified for AR/MR system capability discovery, AR/MR session management, tracking of surrounding area, and 
rendering of AR/MR content in scene graph. Scene manager (in clause 4.2.4) is able to process a scene graph and render 
the corresponding 3D scene. 5G Media Access Function (in clause 4.2.4) is identified to support AR UE and the scene 
manager to access and stream components of AR content (in clause 4.4).  

AR content consists of one or more AR objects in terms of primitives (in clause 4.4.4) and their spatial and temporal 
compositions described by a scene description (in clause 4.4.2). Processing of AR/MR functions may require additional 
metadata (in clause 4.4.3) to properly recognize user’s pose and surrounding area. 

Key performance indicators and metrics for AR/MR based on TR 26.928 are provided (in clause 4.5) and related works 
(in clause 4.6) on AR/MR in 3GPP, MPEG, and ETSI are identified for the considerations on collaborative work on 
device function architecture and AR content formats and codecs. 

4.2 Device Functional Architecture 

4.2.1 Device Functions 

AR glasses contain various functions that are used to support a variety of different AR services as highlighted by the 
different use cases in clause 5. AR devices share some common functionalities to create AR/XR experiences. Figure 
4.2.1-1 provides a basic overview of the relevant functions of an AR device. 

The primary defined functions are 

- AR/MR Application: a software application that integrates audio-visual content into the user’s real-world 
environment.  

- AR Runtime: a set of functions that interface with a platform to perform commonly required operations such as 
accessing controller/peripheral state, getting current and/or predicted tracking positions, general spatial 
computing, and submitting rendered frames to the display processing unit.  

- Media Access Function: A set of functions that enables access to media and other AR related data that is needed 
in the scene manager or AR Runtime in order to provide an AR experience. In the context of this report, the 
Media Access function typically uses 5G system functionalities to access media. 
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