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About this talk
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Dr. Thomas Stockhammer
Senior Director, Technical Standards

Qualcomm Europe, Inc., IEEE Fellow

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

• MPEG: MPEG-I, CMAF and DASH

• 3GPP: XR over 5G, 5G Video, 5GMS

• DASH-IF: Interop WG, Test
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• CTA WAVE: CMAF Device PB, Test

• Metaverse Standards Forum: Chair, Board
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# Video Codecs in 3GPP

# XR and the Metaverse

# Beyond Rel-18

# Summary

http://www.linkedin.com/in/stockhammer
https://www.facebook.com/tstockhammer
https://github.com/haudiobe
https://discord.com/channels/thomassto#6183
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Mobile has made a leap every ~10 years

Mobile broadband and 
emerging expansion

2010s
Mobile broadband

LTE, LTE Advanced,

Gigabit LTE

Focus shifts
 to mobile data

2000s
Wireless Internet

CDMA2000/EV-DO

WCDMA/HSPA+,

Efficient voice to 
reach billions

1990s
Digital voice
D-AMPS, GSM,

IS-95 (CDMA)

Mobile voice 
communication

1980s
Analog voice

AMPS, NMT,

TACS 

A unified connectivity 
platform

2020s
Connected intelligent edge

5G New Radio

(NR) 

The next innovation 
platform

2030s
Next-gen wireless

AI-native, new spectrum, RF 

sensing, and many more…

3GPP SA4 @ ATSC
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The telecom industry is based on technology standards

Standards are essential for commercializing new technologies
Inventions from early R&D need to be first standardized, e.g., 5G NR in 3GPP, before productization

Ensuring inter-vendor system interoperability 
Vendors design and manufacture products adhering to standards, so 
products from one vendor can work seamlessly with ones from another 
— a cornerstone of global roaming

Spurring transparent and fair industry competition
Standards are available to anyone who wishes to access them; in many 
cases, they are free to download on the Internet (e.g., cellular standards 
at www.3gpp.org)

Technology standardization is key 

for an openly competitive ecosystem

3GPP SA4 @ ATSC
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Foundation
to “G” leadership
is technology
leadership

Early R&D and

technology inventions

essential to leading

ecosystem forward

Proof-of-concept
Deliver end-to-end prototypes
and impactful demonstrations

Vision
Identify a problem or need; 

establish requirements

Standardization
Drive e2e design with
ecosystem and through
standards process 

Commercialization
Engage with global network

operators to deploy
new features with

standards-compliant
infrastructure and devices

Trials
Collaborate on OTA field trials

that track 3GPP standardization
and drive ecosystem towards

rapid commercialization

Invention
Invent new technologies and

e2e system architecture

New Wireless 
Generation

Confidential – Qualcomm Technologies, Inc. and/or its affiliated companies – May Contain Trade Secrets

~10
years

3GPP SA4 @ ATSC
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Multimedia Technologies and 3GPP SA4
Influencers and customers

SA4

SA1/2/RAN

?
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Streaming, Broadcast and Real-time Communication

5G Media Delivery
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Trends & News
Collected from Sandvine report, Bitmovin Developer report and Will Law from Akamai

Traffic

Mobile

Sports

Codecs

Monetization

https://www.sandvine.com/global-internet-phenomena-report-2023-download
https://bitmovin.com/video-developer-report/#pdf
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Rel-16 5G Media Streaming – The Idea

• Approach: 

• Framework aligned with today‘s OTTmedia distribution practices

• Supplementing MNO and third-party media services to easily access 5GS and 5GMS features

• Concrete instantiation for one or a small subset of recommended technologies

(e.g. codecs, formats, etc.)

DN

5GMSd
AS

5GMSd 
Application 

Provider

PCF

NEF

5GMSd
AF

N33

N5

UE

5GMSd Aware Application

5GMSd Client
5GMSd 5GS External

M8d

Media Player

Media 
Session 
Handler

M1d

M2d

M3d

M4d

M5d

M6d

M7d

M7d

Exposed API 5GMSd Scope

5GS Scope

Out of scope

M6d

5GMS aware
Application

5GMS Client Media AF Media AS 5GMS Application
Provider

1: M1d: 5GMS Provisioning

2: M3d Internal

Interactions

Alt

3: M2d: 5GMS

Ingest

4: Service Announcement

(not in scope)

5: M6/7d: UE

APIs

6: Service

Access
Information
acquisition

Alt

7: M5d: Media

Session
Handling

8: M4d: Media Streaming

http://msc-generator.sourceforge.net v6.3.7



103GPP SA4 @ ATSC

5G Radio
link Data Network

Network
Policy

5G Mobile Handset

Legend

5G Radio Access 
Network 5G Core

5GMS 5G System External

 Media streaming 

 Media Session Handling API 

 Device API 

 Application configuration  
(over the top)

5GMS-Aware 
Application

 Provisioning API 

5GMS Application 
Provider

Configuration

5GMS 
Application 

Server

5GMS
Application

Function

Media Session 
Handler

Media Player

3GPP 5G Media Streaming architecture
Effective collaboration between mobile media applications and the 5G network
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5G Content Provider UK5G UE in China

3GPP SA4 @ ATSC

5GMS-
aware 

Application

Media 
Session 
Handler

Media 
Player

5GMS
AS

5GMS 
AF

Select BBC

Access: 
http://5gms.bbc.uk/3gpp-m5/v2/service-access-

information/d54a1fcc-d411-4e32-807b-2c60dbaeaf5f

JSON Response

{

"provisioningSessionId": "d54a1fcc-d411-4e32-807b-2c60dbaeaf5f",
"provisioningSessionType": "DOWNLINK",
"streamingAccess": {

"mediaPlayerEntry": "http://5gms.bbc.uk/m4d/provisioning-session-d54a1fcc-d411-4e32-807b-
2c60dbaeaf5f/Christmas-Greetings-to-5G-MAG.mpd"

}
}

Play BBC

GET X-MAS 

MPD

MPD Response
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5G Content Provider UK5G UE in China

3GPP SA4 @ ATSC

5GMS-
aware 

Application

Media 
Session 
Handler

Media 
Player

5GMS
AS

5GMS 
AF

MPD Response

<?xml version="1.0" ?>

<!-- MPD file BBC Christmas Greetings -->

<MPD xmlns="urn:mpeg:dash:schema:mpd:2011" minBufferTime="PT2S" type="static" mediaPresentationDuration="PT0H0M30S" maxSegmentDuration="PT0H0M2S"

profiles="urn:mpeg:dash:profile:isoff-live:2011 ">

<Period duration="PT0H0M30.000S">

<AdaptationSet segmentAlignment="true" maxWidth="1920" maxHeight="1080" maxFrameRate="25" par="16:9" lang="und" startWithSAP="1" contentType="video"

containerProfiles="'cmf2', 'cfhd'">

<SegmentTemplate media="1/$Time$.m4s" initialization="1/init.mp4" timescale="12800">

<SegmentTimeline>

<S t="0" d="25600" r="14"/>

</SegmentTimeline>

</SegmentTemplate>

<Representation id="1" mimeType="video/mp4" codecs="avc1.640028" width="1920" height="1080" frameRate="25" sar="1:1" bandwidth="5100000">

</Representation>

</AdaptationSet>

</Period>
</MPD>

GET X-MAS 

Segments

Segment 

Response

Monitor and Support
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5G Media Streaming Features for Rel-16
Only downlink features

UE

Provision
content hosting

Downlink
media streaming

Push-based
content ingest

Pull-based
content ingest

5GMSd 
Client

5GMSd 
Application 

Provider

5GMS 
network 
services

UE

5GMS 
Client

5GMS
 Application 

Provider

AF-based
network

assistance

5GMS 
network 
services

PCF

RANModem
ANBR-based

network
assistance

UE

Provision
Policy Templates

5GMS 
Client

5GMS 
Application 

Provider

Instantiate
Policy Templates

PCF

5GMS 
network 
services

UE

Provision
consumption reporting

Submit
consumption

reports

5GMSd 
Client

5GMSd 
Application 

Provider

5GMS 
network 
services

UE

5GMSd 
Client

5GMSd
 Application 

Provider

5GMS 
network 
services

RAN OAM

Provision AF-based
QoE metrics reporting

Submit
AF-based

QoE metrics
reports

Submit
RAN-based
QoE metrics

reports

Content Hosting

Network Assistance

Dynamic Policies

Consumption Reporting

Metrics Reporting
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Rel-17 5GMS and Edge

• Building on EDGEAPP and other 

3GPP work on edge

• Application Provider Provisioning
• Define application needs for edge resource and QoS 

requirement templates

• Network Assistance
• 5GMS AF works with the MSH (in UE) to translate 

templates into actual allocations for a media session

• UE discovers Edge Server that meets the requirements and 

can server the application

• Core Application: XR Split 

Rendering

Enabling MM services with stringent requirements

Edge DN

M3

MnS-C

DNUE

5GMS Client

5GMS
AS

M1

5GMS
AF

M5

5GMS scope

N33

N5

5GMS 5GS External

M8

M2M4

M6

M7

M7

Exposed API

5GS scope

Out of scope

M6

Media Stream 
Handler

Media 
Session 
Handler

3GPP MnS

5GMS-Aware 
Application

5GMS 
Application 

Provider

PCF

NEF

EDGE-1

EDGE-4 EDGE-6ECS

EDGE-3

EAS

EEC EDGE-9EES

EDGE-5

Application Client

EC scope

FS_EMSA 5GMS_EDGE 5GMS_EDGE_3

3GPP Release 17

EDGE_ENH?

3GPP Release 18+
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Rel-17 EVEX – Event Exposure

UEs can log and report a variety of useful information (e.g. QoE metrics, usage 
measurements, dynamic QoS/Charging policy invocations) to a Data Collection AF, for 
subsequent offering via Event Exposure services to external entities for device, network 
and service performance monitoring and data analytics 

5G Core

NR/
gNB

Data Collection
Application 

Function

Application
Service
Provider

Media/Service
Content

Network &
Data Analytics
Function

UE Data Measurement / Reporting

Event 
Exposure
Service

Data Collection & Reporting Configuration Provisioning Info

Media/Service
Content
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5G defines two modes of broadcast communication
Addressing diverse ecosystem, deployment, and use case requirements

5G broadcast Mixed-mode multicast

Single Frequency Network (SFN) 
for downlink broadcast only

Dynamic switching between broadcast 
and unicast, e.g., SC-PTM1

Focus of this part of presentation

• Operator spectrum (IMT)
• Integration with unicast network
• Efficient delivery of multicast/broadcast traffic (vs unicast)
• Reuse of cellular infrastructure (low power).

• Broadcast spectrum (e.g. UHF) 
• No unicast. Downlink – only traffic.
• Delivery of linear content (e.g. TV) or IP file delivery
• Dedicated broadcast infrastructure (can be high power)

3GPP SA4 @ ATSC
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General technology introduction

• “5G broadcast” is a broadcasting standard defined by 3GPP (Release 16 - 2020)

• 3GPP is the industry group responsible for defining global cellular tech standards (e.g. 4G / 5G)

• In the last few years 3GPP has expanded to new verticals (e.g. broadcast, automotive, satellite, etc.) hence it should not 

be regarded as a surprise that a broadcasting tech is coming out of 3GPP

• Even though 5G Broadcast has been standardized by 3GPP, it is a broadcasting technology

• I.e. meant to be used by broadcasting operators, in broadcasting spectrum

• No need of supporting a unicast network. 5G Broadcast does not have anything to do with unicast

• The main design target & “reason for being” of 5G broadcast is to enable operation of a broadcast 
network where the receivers are hardware-compatible with cellular modems

• “Hardware compatible” means lower barrier to adoption in mobile devices compared to other broadcasting technologies

• This is because several 5G Broadcast building blocks are already there in a 4G/5G modem, hence the additions are marginal. 

• For other technologies, a separate piece of silicon / die area would be required

• To be clear, 5G Broadcast has nothing to do with “cellular operators trying to take over from broadcasters”

5G broadcast and 3GPP

3GPP SA4 @ ATSC
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Significant interests towards 5G broadcast deployment worldwide

2020-22: 5G Media2Go Stuttgart/Heilbronn

2017-20: 5G Today in Bavaria

Germany

2020-22: VISTA Project with O2 Virgin Media

UK

2020: Distribution of free-to-air linear radio and 
TV using Rel-14 enTV with HPHT in Barcelona
2022 & 2023: MWC demos

Spain

2020-21: Delivery of TV and radio with Rel-14 
broadcast trial deployment in Santiago de Tolú

Colombia

2020-23: TV 3.0 project calling
for proposals

Brazil

2018-23: TV delivery with Rel-14/16 
HPHT in Aosta and Turin

Italy

2020-23: Distribution of TV/Radio with 
5G BC Rel-14/16 , with eMBB in Vienna

Austria

2020+: Growing interest
in latest broadcast3 technologies
2023: Discussion on DTM strategy 
based on market feedback

Late 2021: Distribution of live TV 
using Rel-16 enTV near Seoul

South Korea

1 National Radio and Television Administration  2 Academy of Broadcast and Science  commercia potential 3 Prasar Bharti working jointly with IIT Kanpur on Next Generation Broadcast Technology    

Malaysia

2020+: Growing interest in 5G BC in addition to ATSC3.0
2023: FCC Approves A Low Power TV Station To Broadcast Over 5G Networks
2023: First 5G Broadcast in the US and first 24/7 5G Broadcast station in the 
world on WWOO, Boston, MA!

US

Philippines

2019-22: Direct to mobile Live TV/Radio  
in Manilla 

South Africa

2019-20: Live testing of Rel-14 
in Johannsburg

2022+: 5G Broadcast under investigation 
as latest broadcast technology

Russia

2022: Interest towards 5G BC 
during Mediterranean Games

France

2018-2022: Live testing of 5G 
BC in Paris

Belgium

2022-24: 5G BC imec.icon 
project with 2 HPHT sites

Finland

2019-22: TV delivery with Rel-14/16 
HPHT in 3 sites CZ

2020-23: Distribution of TV/Radio in Prague

2019-24:  AIB project based on 5G 
Broadcast under the administration of 
NRTA1 and ABS2

2023: 5G Broadcast Chengdu pilot project 
formally kicked off on July 20th

GATIS' Global 5G Broadcast Summit

India

Denmark

Tour de France 22 powered by 5GB

Algeria

Greece

Croatia

2021-23: Live TV/Radio with 5G BC Rel-
14/16 , with 3MHz in Athens

2022-24: Live 5G BC Rel-14/16

3GPP SA4 @ ATSC

China

2023: Workshop on future of Broadcast 
and draft report will be available

 

Europe
2023: European broadcasters ink 5G Broadcast MoU 

https://ticker.tv/category/news/
https://ticker.tv/category/news/
https://www.5g-mag.com/post/27-10-23-5g-mag-participates-at-gatis-summit
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Selected use cases

Enhanced broadcast use cases with 5G broadcast

• One-way communication directly to handsets
• More cost efficient than unicast (RAN and CDN)
• Live sports, special events, general programming
• Key for massive events (e.g. World Cup)

Linear TV and Radio

• Combine linear video with interactivity.
• Linear content from broadcaster, unicast using mobile 

network.
• Comments, ratings, e-commerce, advertising

Interactive media

• Emergency notifications to smartphones from 
broadcast infrastructure.

• Possibility of sending text-only notifications and 
multimedia content

Emergency messages

• Software / firmware upgrades.
• Download and storage of popular content:

• TV shows
• “Viral” videos in social media.

General file download

3GPP SA4 @ ATSC
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Coexistence of ATSC 3.0 & 5G Broadcast

• 5G Broadcast can be deployed by broadcasters in the exact same way as ATSC, and it greatly lowers the 
barrier to adoption in mobile devices since it is “only” an incremental feature to the 4G/5G modem

• Native broadcasting technologies like ATSC or DVB were never successfully incorporated in mobile devices at scale 

because their inclusion requires a separate piece of silicon (similar to, say, WiFi or GPS) and the ecosystem never took off

• We could make use of the “reserved” frames of ATSC 3.0 to “superimpose” 5G Broadcast, thus achieving 
coexistence on the same channel

• An alternative would be for ATSC 3.0 and 5G Broadcast to coexist on two different frequencies, i.e. one MUX for each

• The same broadcaster could thus deploy & operate both technologies at the same time

• ATSC 3.0 for fixed devices

• 5G Broadcast for mobile devices

• Documented in ATSC TG3-11

• Rel-19 candidate work for 3GPP

ATSC 3.0 & 5G Broadcast can coexist:  it does not have to be a either/or

Work Item in 
ATSC und 3GPP 
under preparation
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DVB-I via 5G Broadcast

• Using MBMS/5G Broadcast 
Reference Points and APIs

• Different options are considered

• Using file download services for carouselling 

metadata

• Using segment streaming for DVB-DASH

• Using transparent mode for DVB-I multicast 

distribution

• Combinations with unicast, hybrid 
services also under development

• See details in ETSI TR 103 972

• Expected to be supported by 
reference tools

Joint DVB/5G-MAG task force

3GPP SA4 @ ATSC

DVB-I + DVB-DASH System

5G Broadcast System

5G Broadcast 
Receiver

5G Broadcast Transmitter

BM-SC

MBMS User 
Service

MBMS Bearer 
Service

xMB for 5G 
Broadcast

MBMS
GW

SGi-mb
SGmb

MME

eNodeB M1

M3

E-UTRAN
Uu

for 5G 
Broadcast

Access 
Stratum

MBMS 
Client

User Service
for 5G 

Broadcast

MBMS-API 
for 5G 

Broadcast

Sm

5G Broadcast TV/Radio 

Service Application
5G Broadcast TV/Radio 

Content Service Provider

DVB-I Service List Server

DVB-I Playlist Server

DVB-DASH MPD Server

DVB-DASH Segment Server

DVB-DASH
Client

DVB-I Client B

C

D

E

DVB-I
Interfaces

DVB-I Content Guide ServerA
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Hybrid Unicast Broadcast

• Content Provider may leverage 5G 
Unicast systems, 5G Broadcast 
systems, and 5G devices to build 
efficient and innovative applications

• Supported by well defined network 
and client-side APIs

• Examples:

• Hybrid Services

• Universal Coverage

• Broadcast on Demand

• Integrated into 3GPP 5G specs, ETSI TS 103 
720 and TR 103 972 (DVB over 5G)

Architectures, Collaboration Models and Use Cases 

UE

Media 
Server

DN

M3d

5GMSd AF

N33

N5 M1dPCF

xMB-U

5GMS Client

5GMS

5GS External

M8

M2dM4d

M5d

M6d

M7d

Exposed API

5GMS Scope

5GS Scope

Out of scope

M6d

MBMS

MBMS-API-U

MBMS-API-C

M7d

BM-SC

Media Player

Media
Session
Handler

5GMSd 
Application 

Provider

5GMSd-Aware Application

xMB-C

5GMSd
AS

MBMS Client

NEF

MBMS User Service (TS 26.346)

5G Broadcast Operator

Content Provider

5G MNO

3GPP SA4 @ ATSC
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5G defines two modes of broadcast communication
Addressing diverse ecosystem, deployment, and use case requirements

5G broadcast 5MBS: Mixed-mode multicast

Single Frequency Network (SFN) 
for downlink broadcast only

Dynamic switching between broadcast 
and unicast, e.g., SC-PTM1

Focus of this part of presentation

• Operator spectrum (IMT)
• Integration with unicast network
• Efficient delivery of multicast/broadcast traffic (vs unicast)
• Reuse of cellular infrastructure (low power).

• Broadcast spectrum (e.g. UHF) 
• No unicast. Downlink – only traffic.
• Delivery of linear content (e.g. TV) or IP file delivery
• Dedicated broadcast infrastructure (can be high power)

3GPP SA4 @ ATSC
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Multicast–Broadcast Services system architecture
Based on TS 23.247 V17.2.0 figure 5.1-1

3GPP SA4 @ ATSC

Data plane

Control plane

Uu

N2

N1

N16mb

N4mb

N19mb

UDM N29mb

N33

N7mb

N4

N3

N3mb

N10

N11

N11mb

N30

Nmb13

UE

AF/

AS

N6mb

NEF

AMF MB-SMF

NG-RAN MB-UPF

SMF

UPF

PCF
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Multicast–Broadcast Services system architecture
Based on TS 23.247 V17.2.0 figure 5.1-2

3GPP SA4 @ ATSC

Data plane

Control plane

Uu

N2

N1

N16mb

N4mb

N19mb

UDM

Nmb9

N29mb

Nmb2

N33

N7mb

Nmb5

N4

N3

N3mb

Nmb1

Nmb12
N10

MBSF
N11

N11mb

N30

Nmb13

MBSTFUE

AF/

AS

N6mb

Nmb10

Nmb8

NEF

AMF MB-SMF

NG-RAN MB-UPF

SMF

UPF

PCF
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MBS User Service Architecture

• User Service Announcement
• Aligned with MBMS User Service 

principles
• Simplified
• Modernized protocols

• Object Distribution
• Single file delivery.
• Package Delivery
• Object Carouselling
• Real-Time Object Streaming 

DASH/HLS/CMAF

• Packet Distribution
• Forward-only (tunnel)
• Proxy mode (UDP payload)

• Associated Services

See TS 26.502 Figure 4.3.1-1 

DNUE

MBS Client

MBS-10

MBS-4-UC

MBS-3

MBS-9

Nmb2

MBS AS

MBS AF

Nmb8

Nmb1

Nmb5

Nmb12

5GS External

MBS-8

Exposed API 5GMS Scope

5GS Scope

Out of scope
MBS US

MBS-5

MBS-4-MC

MBSF Client

MBS-6  MBS-7  

MBSTF Client

MBSF

MBSTF

MB-SMF

Nmb10

MBS 
Application 

Provider
(AF/AS)

MBS-Aware Application

MBS-7

MBS-6

Nmbsf

Nmbsf

Nmbstf

Media 
Server

PCF

NEF

MBSSF
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Rel-18 5GMS feature overview
Extensive studies documented in TR26.804 result in the following updates 

3GPP SA4 @ ATSC

this functionality is needed for media production services, but also for contributing user generated media to operator and third-party services. Different collaboration scenarios between 
the MNO and the service provider are addressed in an updated specification – bringing uplink streaming on par with downlink streaming. 

Consistent support for uplink streaming

is of crucial support to meet the TV industry needs in order to bring 5G on par with other distribution means.  Live TV services are characterized by at least the following aspects: (1) 
scalability (in terms of concurrent users), (2) consistent quality, (3) high bandwidth requirements, (4) target latency constraints, and advanced TV Experiences. Primarily, updated DASH 
tools, QoE monitoring and QoS support for low-latency in 5G media streaming are specified in order to meet the requirements defined in TR 26.804.

End-to-end low latency live streaming with 
dynamic policies

This functionality is expected to allow scaling media services using multicast and point-to-multipoint distribution within the operators network.

5GMS over MBS and 5GMS hybrid 
unicast/MBS services.

Based on development in CTA WAVE in context of DASH/HLS interop specification in CTA-5005, it was identified that the same media service may be available in multiple formats, and 
5GMS media is expected to offer the same service with different entry points in order for the device to select the service based on its capabilities, for example using a DASH player, or 
and HLS player, or using a progressive download system.

Multiple Service Entry Points

The 5G System offers different solutions for traffic identification and traffic detection. Traffic identification is essential so that the 5G System can detect application flows to which, for 
instance, an appropriate Policy and Charging Rule (PCC) is applied. 5GMS is extended to support the configuration of ToS values for the identification of traffic associated with a 
Dynamic Policy. and study use-cases with IPsec and the usage of the security parameter index for traffic identification.

Traffic Identification

The Quick UDP Internet Connection (QUIC) [43] and HTTP/3 protocols are among the most recent developments in the IETF, with the goal of combining flexibility, extensibility, and 
performance to web applications. The 5GMS specifications are updated to allow the use of HTTP/3 at relevant reference points in the 5GMS architecture.

QUIC and HTTP/3

enables mobile network operators to incentivize the offloading of traffic into off-peak hours with the aim of reducing network congestion during peak hours. Applications may register their 
interest in receiving content using BDT.  The 5GMS specifications will be updated with the necessary parameter extensions to the M1, M5, and M6 reference points to provide access to 
BDT.

Background data transfer (BDT)

Specification of the usage of Oauth 2.0 for 5GMS protocols based on the conclusions to address use-cases, when a UE hosts multiple 5GMS-Aware Applications from different 5GMS 
Application Providers.

Oauth 2.0

Specifications for the 3GPP Service Handler and URL including the necessary functions on UE and device to support automatic launch of 5G System services in the context of 5G Media 
Streaming. It was identified that it is essential to provide a URL form for media services in order to automatically launch client and network functions without disrupting existing app 
workflows.

3GPP Service URL Handling

Specification of a RESTful API at reference point M3, for the configuration of 5GMS AS instances by 5GMS AF. M3 was undefined until now, but based on deployment experience it was 
identified that it is necessary to define this reference point more details.

Application Server Configuration

Specification of data types for data reporting of ANBR-based Network Assistance invocations and specification of data types for exposure of events relating to invocation of AF-based and 
ANBR-based Network Assistance. 

EVEX data types for ANBR-based 
Network Assistance

Enhancements based on feedback from 5G-MAG Reference tool developments. The support of 5G-MAG reference tools created essential inputs to the spec development and 
continuous exchange will result in additional updates.

Support for 5G-MAG Reference Tools
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5GMS via MBS

• Abstract the distribution complexity 

for third party service provider

• Different collaboration models

• Unicast/Multicast combinations

• Stage-3 still to be developed

See TS 26.501, Figure 4.9.1-1

DN

Nmb8

Nmb12

N33

UE

MBS Client

MBS-10

MBS-3

MBS-9

Nmb2

MBS AS

MBS AF

MBSF

MBSTF

Nmbsf

Nmbstf

MBSSF

Nmb10

5GMSd Client

MBS-7

N5

5GMS

5GS External

M8d

M1d

M2d

M3d

M4d

M5d

M6d

M7d

Exposed API

5GMS Scope

5GS Scope

Out of scope

M6d

MBS

MBS-6

M7d

Media Player

Media
Session
Handler

5GMSd AS

5GMSd 
Application 

Provider

5GMSd AF

5GMSd-Aware Application

PCF

NEF

Nmb1

MBS-4-UC

Nmb5

MBS-5

MBS-4-MC

MBSF Client

MBS-6  MBS-7  

MBSTF Client

MB-SMF

Media 
Server

PCF

NEF
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Launching a dedicated 5G System function on device
Unclear how this can happen consistently 

5G UE

Portal
Application

Media Service
Application

Dedicated 5GS
UE Function

5G Modem
and System

5G System

Dedicated 5GS
Network Function

UPF Portal Service
Provider

Media Service
Provider

1: Provide media service entry point

2: Provision service with 5G System support

3: Establish best effort IP connection

4: Provide list of media services amd entry point URLs

5: User selects
media service

6: Request media service entry point

7: by magic this
one is launched

8: Establish supporting

5G System functions

9: Automatically launched
based on service entry point

10: Request content from media service provider
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Service URL Handling

• Add a 3GPP Service and URL Handler in the UE and the network as part of Media Session Handler and AF

• Address provisioning, message exchange and call flows in order to support different use cases, namely the 
case for which the URL is resolved in the network, the URL is resolved in the UE, and the case for which the 
URL is resolved in a combination of network and UE.

• Specify a concrete URL format for 3GPP services and reserve a URL prefix (e.g. services.3gpp.org) for 
3GPP Services as part of 3GPP specifications, and ensure that this can be used in the context of 3GPP-
based services, namely:
• Verify ownership of the domain through one of the Android website association methods.
• Create a suitable website redirection mechanism in case the application is not available on the device.

• Specify 3GPP Service URL instantiations with parameters suitable for launching at least the Media Session 
Handler for 5G Media Streaming, MBMS Client (including Receive-Only Mode services) and MBS Client.

• Provide the ability for a 5GMS-Aware application to create a Service URL to bootstrap 5G Media Delivery.

• Address the provisioning of optional service parameters.
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Specific case: 5G Broadcast + CMAS Alert
Scenario
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5G Media Delivery: Downlink and Uplink Streaming & RTC
Part of Rel-18 Work Items ➔ Creation of a common specification TS 26.510 for Session Handling

• Similarity of the 5GMS architecture 

and the Real-Time Communication 

(RTC) defined in TS 26.506

DN

M1

UE

Media Client

Media 5GS External

M4

M5

M6

M7

M11

Exposed API

Media Delivery scope

5GS scope

Out of scope

Media 
Session 
Handler

M10

Media Access
Function

N5

N33

PCF

M8

Media 
Application 

Provider

Media-aware 
Application

M9

Media 
AF

M3

Maf_Provisioning

Maf_SessionHandling

Maf_SessionHandling

Media Session Handling Client API

Media Session Handling Client API

N30

NEF
Nnef_AFSessionWithQoS
Nnef_ChargeableParty

M2
Media

AS

Mas_Configuration

Npcf_PolicyAuthorization

Media Access Client API

Npcf_PolicyAuthorization

Feature Downlink 

media streaming

Uplink media 

streaming

Real-time 

communication

Media Delivery Functions and Protocols

CMAF Yes yes No

DASH/HLS Yes No No

MP4 Yes No No

RTP/AVP Not until now Not until now No

webRTC Not until now Not until now yes

HTTP/1.1 and TCP/IP Yes Yes No

HTTP/2 Yes Yes No

HTTP/3 and QUIC Yes Yes No

UDP/IP Yes Yes yes

Media Handling Functions

Service Access Yes Yes Yes

Content hosting Yes No ???

Content publishing No Yes ???

Content preparation Yes No ???

Network assistance Yes Yes Yes

Dynamic policies Yes Yes Yes

Remote control No Yes ???

Consumption reporting Yes No Yes

QoE metrics reporting Yes ??? ???

Service URL Handling Yes Yes Yes

Edge Computing Yes Yes Yes

eMBMS delivery Yes No ???

Data Collection Yes ??? ???

MBS delivery Yes No ???
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Tools in action …

37

5G-MAG @ 
IBC 2022

Nakolos 
(ORS/Bitstem)

BBC

Find information at developer.5g-mag.com

https://developer.5g-mag.com/


38

Streaming, Broadcast and Real-time Communication

Video Codecs in 3GPP
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Summary of Codec Capabilities in 3GPP
TV Video Profiles TS 26.116, 5G Media Streaming TS 26.511, MTSI TS 26.114

3GPP SA4 @ ATSC

Operation Point name Video Codec Profile Tier Level

H.264/AVC 720p HD AVC High - 3.1

H.265/HEVC 720p HD HEVC Main Main 3.1

H.264/AVC Full HD AVC High - 4.2

H.265/HEVC Full HD HEVC Main 10 Main 4.1

H.265/HEVC UHD HEVC Main 10 Main 5.1

H.265/HEVC Full HD HDR HEVC Main 10 Main 4.1

H.265/HEVC UHD HDR HEVC Main 10 Main 5.1

H.265/HEVC Full HD HDR HLG HEVC Main 10 Main 4.1

H.265/HEVC UHD HDR HLG HEVC Main 10 Main 5.1

H.265/HEVC 8K HEVC Main 10 Main 6.1

Alignment with mobile product roadmaps is driving 3GPP video specifications



3GPP 5G Video 
Characterization

TR 26.955 approved 
at SA#96 (June 2022)

• Feasibility Study in Rel-17



Scenarios

• Scenarios are defined 

• to identify how video codecs are typically used in 5G 
type of services

• To define reference sequences (types and formats), 
decoding & encoding constraints

• Defined Scenarios

• Scenario 1: Full HD Streaming

• Scenario 2: 4K-TV

• Scenario 3: Screen Content Scenario

• Scenario 4: Messaging and Social Sharing

• Scenario 5: Online Gaming

• Note: 8K scenario discussed, but not added

3GPP SA4 @ ATSC 41



Anchor Generation for each Scenario

Reference 
Sequence

Anchor
Configuration

Anchor 
Bitstream

Anchor 
Sequence

Metrics Computation

Reference
Software

Encoder

Conforming

Decoder

Anchor 
Metrics

https://dash-large-
files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequences/

https://dash-large-
files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/

https://github.com/haudiobe/5GVideo/

3GPP SA4 @ ATSC 42

https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequences/
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/ReferenceSequences/
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/
https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/
https://github.com/haudiobe/5GVideo/


Characterization

• Characterization is the comparison of a codec 
under test with an anchor based on the 
framework introduced in this clause. 
Characterization in this report is based on 
Bjöntegard-Delta (BD)-rate.

• A full characterization of a codec for a scenario 
against a 3GPP codec shall provide at least the 
following metrics

• The BD-rate gain for each defined anchor tuple and each 
required metric

• The average BD-rate gain across all anchors of the scenario 
for each required metric.

3GPP SA4 @ ATSC 43



Summary in 2022
• H.265/HEVC

• No functional deficiencies or gaps, no lack any relevant features.

• performs sufficiently well for all the scenarios in this technical report.

• consider upgrading specifications to support profiles, levels, and possibly 
features available in HEVC. Features may include better support for screen 
content and computer-generated content, XR/AR type of services, as well as 
low and very low latency services.

• New Codecs

• The framework and the initial results for new codecs demonstrate coding 
performance improvements over H.265/HEVC for some codecs of up to 50%, 
but not mature enough  to support concrete recommendations on adding 
new codecs. 

• The information in this TR, as well as any new developments in 3GPP with 
respect to codecs in latest specifications, could serve as a baseline for future 
work. 

• However, no immediate need has been identified to initiate such follow-up 
work.

Scenario AVC➔ HEVC
S1 FullHD 41.5

S3 Screen no RA 52.4
S3 Screen RA 44.2

S4 Sharing no RA 46.7
S4 Sharing RA 36.2

S5 Gaming no RA 41.1
S5 Gaming RA 31.0

Minimum 31.0
Maximum 52.4

3GPP SA4 @ ATSC 44



Ongoing and 
future work

• HEVC Study Item in Rel-18
• MV-HEVC

• S-HEVC

• HEVC for still images

• FGS Study Item

• Expect in Rel-19 
• work item in improvements to 

HEVC capabilities

• Study items on HEVC-based 
codecs to support 3D and XR 
such as multiview, depth, etc.

2022 Timeline Considerations have 
shifted due to renewed interest in HEVC

3GPP SA4 @ ATSC 45
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XR and the Metaverse
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Boundless AR

Real time
social
interaction

Spatial
computing

Technologies for the Metaverse: XR, AI, 5G

3GPP SA4 @ ATSC

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

• 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

• Cameras with fisheye and telephoto 
lenses

• Depth sensing camera (TOF, 
Structured Light, etc)

• Optoelectronic night vision and 
thermal imaging sensors

Recognize and understand images for symbolic information3

• Sensors – accelerometer, 
gyroscope, ambient light, 
biometric, temperature, etc

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

4

• Multimode connectivity (4G, 5G, Wifi)

• GPS for location information

• Coding compression

• Video transport

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

5

Recommend 
personalized 
actions

6

• Durable multimode display

• Multiple audio microphones

• Directional speakers

3GPP SA4 @ ATSC
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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, …)

Decoder

Perception 

algorithms

Compressed rendered frames

6DoF HMD pose, controller, eye/hand tracking

Motion-to-render-to-photon latency
M2R2P
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3GPP SA4 @ ATSC

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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3GPP SA4 @ ATSC

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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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

3GPP SA4 @ ATSC
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Standalone
VR and AR

Viewer VR & AR 

cabled
Viewer VR & AR 

wireless

1 – 4 yearsToday

Wi-Fi

Standalone
VR and AR

The “Next” Platform

Metaverse
6G research vector

XR evolution – really?

3GPP SA4 @ ATSC

Standalone AR/MR Glasses come with 
many challenges – see details

https://kguttag.com/2023/06/03/slides-from-presentation-at-awe-2023-on-optical-versus-passthrough-mr/
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Some Technology Trends and Announcements

• Lenticúlar Displays
• Eyetracking

Announced at 
CES 2023

Not yet released

• Primarily for gaming and enterprise
• Adds AR/MR w/ camera see-through

• Less is more
• Meta’s smart glasses can take 

calls, play music, and 
livestream from your face

• No visual display

https://www.leiainc.com/lume-pad-2

https://lookingglassfactory.com/

https://www.asus.com/laptops/for-creators/proart-studiobook/proart-studiobook-16-3d-oled-h7604/
https://www.reddit.com/r/ASUS/comments/13m501z/has_the_vivobook_pro_16x_3d_oled_been_released/
https://www.reddit.com/r/ASUS/comments/13m501z/has_the_vivobook_pro_16x_3d_oled_been_released/
https://www.reddit.com/r/ASUS/comments/13m501z/has_the_vivobook_pro_16x_3d_oled_been_released/
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Selected 3GPP SA4 Reports and Technical Specifications
Green completed, yellow ongoing

3GPP SA4 @ ATSC

Specification Title

TS 26.118 Virtual Reality (VR) profiles for streaming applications

TS 26.119 Media Capabilities for Augmented Reality

TS 26.250 Codec for immersive voice and audio services - General overview

TS 26.264 IMS-based AR Real-Time Communication

TS 26.565 Split Rendering Media Service Enabler

TR 26.806 Study on Tethering AR Glasses – Architectures, QoS and Media Aspects

TR 26.812 QoE metrics for AR/MR services

TR 26.813 Study of Avatars in Real-Time Communication Services

TR 26.847 Evaluation of Artificial Intelligence and Machine learning in 5G media services

TR 26.918 Virtual Reality (VR) media services over 3GPP

TR 26.926 Traffic Models and Quality Evaluation Methods for Media and XR Services in 5G Systems

TR 26.927 Study on Artificial Intelligence and Machine learning in 5G media services

TR 26.928 Extended Reality (XR) in 5G (completed in 2020)

TR 26.929 QoE parameters and metrics relevant to the Virtual Reality (VR) user experience

TR 26.930 Study on the enhancement for Immersive Real-Time communication for WebRTC

TR 26.998 Support of 5G glass-type Augmented Reality / Mixed Reality (AR/MR) devices

https://www.3gpp.org/DynaReport/26118.htm
https://www.3gpp.org/DynaReport/26119.htm
https://www.3gpp.org/DynaReport/26250.htm
https://www.3gpp.org/DynaReport/26264.htm
https://www.3gpp.org/DynaReport/26565.htm
https://www.3gpp.org/DynaReport/26806.htm
https://www.3gpp.org/DynaReport/26812.htm
https://www.3gpp.org/DynaReport/26813.htm
https://www.3gpp.org/DynaReport/26847.htm
https://www.3gpp.org/DynaReport/26918.htm
https://www.3gpp.org/DynaReport/26926.htm
https://www.3gpp.org/DynaReport/26927.htm
https://www.3gpp.org/DynaReport/26928.htm
https://www.3gpp.org/DynaReport/26929.htm
https://www.3gpp.org/DynaReport/26930.htm
https://www.3gpp.org/DynaReport/26998.htm
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Rel-18 Media Capabilities for XR/AR
Defining baseline requirements for an AR lightweight and XR device

Hinge

SoC Media

Connectivity

Eye Tracking + Camera/Sensor Aggregator 

3GPP SA4 @ ATSC

Requirements include

• OpenXR Core APIs

• rendering capabilities

• capturing capabilities

• audio and video codecs

• scene description

• Wire formats for metadata

• Profiles for split rendering and stand-

alone rendering

XR Baseline Client
User input

Media Access 
Function

XR Runtime

Cameras

Sensor

Displays

Presentation Engine

Composition

Runtime 
functions 
(tracking, 

SLAM)

Visual 
Renderer 

Audio 
Renderer 

Audio 
Subsystem

Speakers

Scene 
Manager

Microphones

Video Codecs

Audio Codecs

5G System 
(Uu)

Metadata 
Format

XR Source 
Management

XR Application

Actuators

IF-1

IF-4

IF-3

Raw Media and Metadata

IF-9
IF-10

Uplink Data

Downlink Data

Data Buffer

Content 
Delivery 

Protocols*

Media Session 
Handler

IF-5
IF-6

IF-2

IF-7

IF-8
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RTC Profile

RTP 

Profile

Signaling 

Profile

5G Integration

Edge 

FunctionalityQoS Profile
QoE and 

Consumption 

Data Collection
Provisioning

Guidelines: Post-

processing, Pose 

correction,

XR Runtime

Split Rendering MSE

(TS 26.565)

Media Format Profiles

AR 

Profile

VR 

Profile

Gaming 

Profile

Scene Description ProfileUplink Profile5G RTC 

Enabler

26.113

Media Format Enabler

(TS 26.119)

5G Media 

Control 

Enabler

(26.506/

26.501)

Split Rendering API

Standardizing Split XR in SA4 – Media Service Enabler

3GPP SA4 @ ATSC
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AR Call

3GPP SA4 @ ATSC

• Extend existing IMS and WebRTC-based 
telephony services

• Multi-party calls and conferencing with AR

• Users join with realistic avatars and 
contribute 2D/3D content

• Create shared spaces where call participants 
can interact
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High Level Procedure

3GPP SA4 @ ATSC

Scene of shared spaceScene of shared space

Add nodes to sceneAdd nodes to scene

Send scene updates Send scene updates

Send scene updates Send scene updates

Pose and animation updatesPose and animation updates

Update 
Loop
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Avatar Representation

• In shared spaces, avatars are an important 
component

• Avatars are 3D representations of the user 
and allow the user to interact with the scene

• Avatars may be purely synthetic or maybe an 
accurate representation of the user

• The avatar needs to be real-time captured or 
retargeted to reflect the user’s actual 
motion/body pose/facial expression …

• Avatar Representation Formats are 
proprietary, but may be subject of 
standardization – 3GPP collaborates
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Avatar Reconstruction Pipeline - Example

• Avatar input format identified through a URN

• Pipeline performs reconstruction into a mesh, e.g. by running an inference model on the input 
components

• Interactivity metadata is mapped into the reconstructed Avatar mesh

Texture

Deformation maps

HEVC Decoder

HEVC Decoder

Vertex Buffer

Presentation Engine

A
v

a
ta

r 
R

e
co

n
st

ru
ct

io
n

Parametrization Data

Static Metadata

Base Model

Texture Buffer

Skinning/Joint 
data Buffer

Interactivity 
Metadata 

Buffer

Avatar 
Reconstruction
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Beyond Rel-19
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© 3GPP 2012

© 3GPP 2023

WG Input to Rel-19 Workshop - 2

SA/SA2/RAN2 to let SA4 do stage-3 on media related topics. Early indication of potential 
impact to SA4 is nice-to-have.

SA4 is currently focused on Rel-18 Work and Rel-17 maintenance 

SA4 hasn’t started Rel-19 planning. Several topics mentioned but no detailed discussions 
and conclusions. Example of potential larger work topics for SA4:

SA4#124 agreed to start Rel-19 discussions from December 2023:

• Build on leftovers from Rel-18, studies from Rel-18, as well as work topics related to RAN and 
SA2 work

• Identify substantial new work topics for Rel-19. 

• Work with requirements and inputs from the industry: 5G-MAG, Metaverse Standards Forum, 
etc.

AI/ML for 
Media

5GMS and 
MBS 

Extensions

XR 
Extensions

Avatars
New Video 

Codecs
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A smarter wireless platform to

support enhanced 
services and 
new use cases

Next-generation 
broadband

Pervasive 
access

Real-time 
control

Societal 
sustainability

Immersive platform 
and services

Spatial 
perception

Evolutionary dimension

Revolutionary dimension

Massive 
IoT

Mission-critical 
services

Enhanced 
mobile 
broadband

3GPP SA4 @ ATSC
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Next-generation 
broadband

Pervasive 
access

Real-time 
control

Societal 
sustainability

Immersive platform 
and services

Massive 
IoT

Mission-critical 
services

Enhanced 
mobile 
broadband

AI & compute

System resiliency
Integrated sensing

Green network

A smarter wireless platform with

new capabilities 
that expand beyond 
communication

Communication

Spatial 
perception

Evolutionary dimension

Revolutionary dimension

3GPP SA4 @ ATSC



66

System design targets for expanded 6G capabilities

6G will be designed to meet enhanced traditional communication 
requirements as well as KPIs for new capabilities

Capacity

Data rate

Mobility

Coverage

Connection density

…

Inference accuracy

Model transfer latency

AI service roundtrip time

Compute capacity

Scalability / adaptability

…

Confidentiality

Integrity

Availability

Mean time to detect / 

resolve / contain

…

Range 

Confidence level

Sensing accuracy

Resolution

Latency

…

Network energy efficiency

Network carbon intensity

Carbon neutrality

ECO rating

Battery requirement

…

Key 
Performance 
Indicators

AI & compute System resiliency Integrated sensing Green networkCommunication

3GPP SA4 @ ATSC
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Air interface innovations

Evolution of duplexing schemes, Giga-MIMO, 
mmWave evolution, reconfigurable intelligent surfaces, 
non-terrestrial communications, waveform/coding for 
MHz to THz, system energy efficiency

Communications resiliency

Multifaceted trust and configurable security, post 
quantum security, robust networks tolerant to 
failures and attacks

Merging of worlds

Physical, digital, virtual, immersive interactions taking 
human augmentation to next level via ubiquitous, low-power
joint communication and sensing

AI-native E2E communications

Data-driven communication and network design, 
with joint training, model sharing and distributed 
inference across networks and devices

Scalable network architecture

Disaggregation and virtualization at the connected 
intelligent edge, use of advanced topologies to
address growing demand

Expanding into new spectrum bands

Expanding to THz, wide-area expansion to higher bands, 
new spectrum sharing paradigm, dynamic coordination with
environmental awareness

Key longer-term research vectors 

enabling the path 
towards 6G

3GPP SA4 @ ATSC
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Enhanced boundless 

XR experiences

Unknown future 

use cases

Wireless sensor 

fusion

Human augmentation 

and digital twins

Ultra-wide area to 

micro connectivity

Fixed and mobile 

broadband evolution

Critical services 

expansion

Smarter 

verticals

Hologram 

telepresence

Collaborative robots, real-

time command and control

Propelling next-level experiences and innovative use cases in the 
new era of the connected intelligent edge for 2030 and beyond

3GPP SA4 @ ATSC
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Summary & Next Steps
Join the community of open standards and developments

5G is a platform for Broadcasters and Content Providers with 
features including streaming, broadcast, PWS and many others

3GPP Standards are global and address billions of devices – from 
smart phones to many more verticals (automotive, IOT, etc.)

3GPP is interested to understand requirements from media 
companies in order to scale the systems
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