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Presenter

Dr. Thomas Stockhammer
Senior Director, Technical Standards

Qualcomm Europe, Inc., IEEE Fellow

Leading and driving among others
Å DVB: 5G TF, DVB-I

Å MPEG: MPEG-I, CMAF and DASH

Å 3GPP: XR over 5G, 5G Video, 5GMS

Å DASH-IF: Interop WG, Test

Å ETSI & 5G-MAG: 5G Broadcast and 5GMS

Å CTA WAVE: CMAF Device PB, Test

Å Metaverse Standards Forum: Chair, Board

Todayôs agenda

# Metaverse ï Introduction

# Qualcommôs contributions to the Metaverse

# Technologies for the Metaverse

# Standards for the Metaverse

# Invitation to collaborate

EURASIP Summer School on Metaverse Technologies

Joint work with Dr. Imed Bouazizi, 
Director, Technical Standards, Qualcomm

Delegate to 3GPP SA4, MPEG, and Khronos
and many other people in Qualcomm and standards 

http://www.linkedin.com/in/stockhammer
https://www.facebook.com/tstockhammer
https://github.com/haudiobe
https://discord.com/channels/thomassto#6183
https://wa.me/491725702667
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Introduction to the 
Metaverse
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Metaverse

Exercise / Games

Business

Shopping

Communication

EducationMetaverseis a set of virtual 

spaces, where you can create and 

explore with other people in the 

same or different physical spaces

Courtesy: Joel Kim, Head of Cellular Standards and Ecosystems at Meta
Surfing Metaverse with 5G and Beyond, ICC 2022
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is here
today ï
and will
continue
to grow

is next ï
and will 
disrupt

personal 
computing 

Consumer

Enterprise

Entertainment

Shopping

Navigation

Corporate
Training

Medical

Education

Infinite
Desktop

Remote
Assistance

Instructions

Gaming

Fitness

Social

Sports / 
Concerts



Device Requirements

Ergonomics:

W֙earable devices should be light enough, 

and not hamper movement of the users

Power consumption:

B֙attery-friendly media and data 

processing to ensure high service quality 

and sufficient use time per charge

Heat dissipation:

H֙eat from processors and displays worn 

around the face needs to be avoided or 

properly insulated



Network Requirements
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MetaverseXR

Real and 
Virtual 
Worlds

Internet Social

Openness

Spatial

Persistent spatial internet with 

personalized digital experiences 

Spans both physical and

virtual worlds 

Shared virtual space in VR today, 

evolving to digitally enhanced 

physical space with AR & MR

EURASIP Summer School on Metaverse Technologies

Metaverse

Metaverse

Your ticket to the metaverse
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Qualcomm Technologies are 
enabling the Metaverse
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Qualcomm Technologies is enabling the XR industry

Platforms Software & algorithms Reference designs Ecosystem

Hand
Tracking

6DoF/SLAM

Eye
Tracking

Pass Through
(video see through)

3D
Reconstruction

Object Rec

& Tracking
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Accelerating VR 

Meta Quest ProPico Neo 4
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Wireless Smart Viewer Reference 

Design with Snapdragon XR2

Tethered Smart Viewer Reference 

Design with Snapdragon XR1

EURASIP Summer School on Metaverse Technologies

Accelerating AR 
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Positional
tracking

Object recognition
& Tracking

Hand
tracking

Image 
recognition
& Tracking

Plane 
detection

Local anchors
& Persistence

Scene
understanding

Spatial 
mapping

& Meshing

EURASIP Summer School on Metaverse Technologies
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Positional
tracking

Object recognition
& Tracking

Hand
tracking

Image 
recognition
& Tracking

Plane 
detection

Local anchors
& Persistence

Scene
understanding

Spatial 
mapping

& Meshing
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Beame

Secret Portal

Urbanoid

EURASIP Summer School on Metaverse Technologies



AR VR and MR

EURASIP Summer School on Metaverse Technologies
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SNAPDRAGON SPACES 
READY

AR VR MR
EURASIP Summer School on Metaverse Technologies



Linux BSP

Partial 
perception 

Minimal 
multimedia

QXR Perception Services

Android BSP XR HAL

Snapdragon Spaces application

Spaces Core

Compositor Runtime

OpenXR extensions

Snapdragon Spaces Ready HAL

Downloadable through Google Play Store

Snapdragon Spaces application

Glasses Smartphone

Wired / Wi-Fi

Published by developers

Snapdragon Spaces Services APK

Delivered as part of smartphone baseline 
SP (software product)

EURASIP Summer School on Metaverse Technologies
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Boundless AR

Real time
social
interaction

Spatial
computing

Technologies for the Metaverse: XR, AI, 5G

EURASIP Summer School on Metaverse Technologies

Boundless VRContextual awareness 
and sensing
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AR/VR/AI Work Flow
Simultaneous Complex Processing for Seamless AR/VR Experience

Å Eye tracking cameras

Sense the real world to track eye, 
position, orientation, and audio

1

See the world around you by 
collecting and monitoring visual 
images for depth info, object 
detection, face detection

2

ÅCameras with fisheye and telephoto 
lenses

ÅDepth sensing camera (TOF, 
Structured Light, etc)

ÅOptoelectronic night vision and 
thermal imaging sensors

Recognize and understand images for symbolic information3

Å Sensors ï accelerometer, 
gyroscope, ambient light, 
biometric, temperature, etc

ÅHighly efficient and lower power CV processing Collect virtual contents and data 
from cloud network

4

ÅMultimode connectivity (4G, 5G, Wifi)

ÅGPS for location information

ÅCoding compression

ÅVideo transport

Overlay virtual objects/data with real or virtually 
created image scenes

5

Recommend 
personalized 
actions

6

ÅDurable multimode display

Å Multiple audio microphones

ÅDirectional speakers

EURASIP Summer School on Metaverse Technologies
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Display 

Processing

Reprojection / 

Composition

Decode / 

Decryption

Display Cameras

Camera/ 

Sensor Agg.

Perception

Eye Tracking

Iris Auth

Face Track.

Perception

6DoF, Hand Tracking, Iris 

Auth, ROI Extraction

Encode

Decode
Encode / 

Encrypt

Perception

6DoF

Hand Tracking / 

Gesture Recognition

3DRU

11ax w/TWT

Render / 

Composition

Encode
Decode / 

Decrypt

Render Perception

Camera Front End

AR System Architecture / Partitioning

Key Goals/Constraints for Chipset 
ÅMinimize power per thermal island ï divide workloads to multiple chips in headset

ÅMinimize overall power for battery life

ÅMinimize wire across hinges

ÅPartition workloads to remote devices / cloud to balance power loading

ÅSatisfy end-to-end latency requirements

ÅConform to physical size constraints

Hinge

XR Compute

Connect

Eye Tracking + Camera/Sensor Aggregator (Sensing)

Sensing

XR 
compute

Connect

Phone

EURASIP Summer School on Metaverse Technologies
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A distributed 
compute 
architecture 
enables rich 
XR user 
experience

M2R2P = Edge processing + 5G round-trip time + Device processing

Game engine

Encoder

Application
Post processing 

(ATW, error 

concealment, é)

Decoder

Perception 

algorithms

Compressed rendered frames

6DoF HMD pose, controller, eye/hand tracking

Motion-to-render-to-photon latency
M2R2P
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Boundless XR over 5G

XR headsetEdge cloud 
server

Power-efficient, latency sensitive
on-device rendering and tracking

Computationally intensive processing
and graphics rendering 

6-DoF head pose (500Hz, ~1Mbps)

Encoded data (90fps, 50-100Mbps)

Distribute computation between 

the edge cloud server and device

Leverage low-latency and 

high-capacity 5G 
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Motion-to-render-to-photon (M2R2P) animation video

EURASIP Summer School on Metaverse Technologies
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Achieved initial KPIs for at-scale 5G boundless VR deployments

Frame rate
2kx2k per eye 

at 90 frames per second

Throughput1

Reliable average downlink throughput of 50-100 Mbps

Reliable uplink throughput of ~1 Mbps, 500 Hz pose

Latency1

M2R2P latency < 70ms

5G  RTT < 20ms

Immersive
VR

Photorealistic visuals

6-DoF mobility

Robust and reliable
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Boundless AR

Cloud server Smartphone AR glasses
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KPIs for cloud-to-phone-to-glass deployments

Frame rate
2kx2k per eye 

at 90 frames per second

Throughput
Reliable average downlink throughput of 10-40 Mbps

Reliable uplink throughput of 3-20 Mbps

Latency
M2R2P latency of 50-100ms

5G+Wi-Fi  RTT < 30ms1

Immersive
AR

Photorealistic visuals

6-DoF mobility

Robust and reliable

EURASIP Summer School on Metaverse Technologies
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Boundless AR over 5G and Wi-Fi

Distribute the computation 
between the edge cloud server, phone, and AR glasses

M2R2P
Latency

50-100ms

Edge cloud 
processing

5G and Wi-Fi 
round-trip time

<30ms1

On-device 
processing= + +
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Enabling 5G-powered 
AR glasses

Optimized edge processing

Migration from central cloud to local edge

Low-power, low-latency 5G

3GPP based features

5G modem APIs

Enabling low latency on-device optimizations 

Enabling applications to adapt to 

RF/network conditions

Improved Infra schedulers1

Delay aware schedulers to meet latency QoS

EURASIP Summer School on Metaverse Technologies

Edge cloud

5G NR
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Standalone
VR and AR

Viewer VR & AR 

cabled
Viewer VR & AR 

wireless

1 ï4 yearsToday

Wi-Fi

Standalone
VR and AR

The ñNextò Platform

Metaverse
6G research vector

XR evolution

EURASIP Summer School on Metaverse Technologies




