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[bookmark: foreword][bookmark: _Toc221870686]Foreword
[bookmark: spectype3]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.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc221870687]Introduction
This study aims to identify media-related opportunities and gaps in the context of 6G. It builds on service requirements defined by SA1 and architectural enhancements defined by SA2. Its objectives include supporting 6G studies in other working groups with media-related aspects and identifying media-related industry trends from operators, third-party providers, and verticals that may impact 6G media architectures.
[bookmark: scope][bookmark: _Toc221870688]
1	Scope
The present document studies media-related aspects for 6G mobile networks for improvement of existing services and support of new services, to meet the 6G system requirements as developed in TR 22.870 [22870] and captured by TS 22.abc [22ABC], as well as in alignment with the architecture study documented in TR 23.801-01 [23801].
Editor's note:	The above references should be replaced with a reference to normative specification, when available. 
This study identifies media-related opportunities and gaps in the context of 6G. Objectives include, but are not limited to 
-	support the 6G studies in other working groups with media-related aspects
-	identify media-related industry trends from operators, third-party providers and verticals that may impact 6G media architectures.
The conclusions of this study will form the basis for further detailed studies as well normative work.

[bookmark: references][bookmark: _Toc221870689]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 22.870: "Study on 6G Use Cases and Service Requirements".
[3]	3GPP TR 23.801-01: "Study on Architecture for 6G System Stage 2".
[4]	3GPP TS 26.501: "5G Media Streaming (5GMS); General description and architecture".
[5]	3GPP TS 26.506: "5G Real-time Media Communication Architecture (Stage 2)".
[6]	3GPP TS 22.ABC: "6G System Requirements".
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 22.870: "Study on 6G Use Cases and Service Requirements".
[3]	3GPP TR 23.801-01: "Study on Architecture for 6G System Stage 2".
[4]	3GPP TS 26.501: "5G Media Streaming (5GMS); General description and architecture".
[5]	3GPP TS 26.506: "5G Real-time Media Communication Architecture (Stage 2)".
[6]	3GPP TS 22.ABC: "6G System Requirements".







[26940]	3GPP TR 26.940: "Study on Ultra Low Bit rate Speech Codecs"
[26113] 	3GPP TS 26.113: "Real-Time Media Communication; Protocols and APIs." 
[26114] 	3GPP TS 26.114: "IP Multimedia Subsystem (IMS); Multimedia Telephony; Media handling and interaction." 
[26117] 	3GPP TS 26.117: "5G Media Streaming (5GMS); Speech and audio profiles." 
[26143] 	3GPP TS 26.143: "Messaging Media profiles." 
[26502] 	3GPP TS 26.502: "5G multicast-broadcast services; User service architecture." 
[26506] 	3GPP TS 26.506: "5G Real-time Media Communication Architecture (Stage 2)." 
[26510] 	3GPP TS 26.510: "Media delivery; interactions and APIs for provisioning and media session handling." 
[26511] 	3GPP TS 26.511: "5G Media Streaming (5GMS); Profiles, codecs and formats." 
[26512] 	3GPP TS 26.512: "5G Media Streaming (5GMS); Protocols." 
[26517] 	3GPP TS 26.517: "5G Multicast-Broadcast User Services; Protocols and Formats." 
[26522] 	3GPP TS 26.522: "5G Real-time Media Transport Protocol Configurations."
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[bookmark: definitions][bookmark: _Toc221870690]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc221870691]3.1	Terms
For the purposes of the present document, the terms given in 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 TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc221870692]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc221870693]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc216796676][bookmark: _Toc221870694][bookmark: _Hlk219104654]4	Preliminaries: assumptions and requirements
[bookmark: _Toc122508432][bookmark: _Toc204948585][bookmark: _Toc204948712][bookmark: _Toc206752130][bookmark: _Toc212546991][bookmark: _Toc216796677][bookmark: _Toc221870695]4.1	Assumptions
Editor's note:	This clause documents the common architecture assumptions identified for the study. This is primarily defined as based on the decisions in SA2 as well as the existing functions in earlier Gs.
Based on the architectural assumptions as defined in TR 23801-01 [3], the following assumptions are carried forward for the media delivery architecture:
1.	The framework of SBA specified for 5GC is assumed as a starting point for discussion.
2.	This study assumes that control and user plane of the 6G RAN connects to a single core network type, i.e. 6G CN. It is assumed that the 6G RAN is a single technology framework based on a stand-alone architecture.
NOTE:	This does not exclude network sharing scenarios such as Multi-Operator Core Network.
3.	The 6G system is assumed to maintain the RAN and CN functionality split as in 5GS.
4.	The SA2 study aims to avoid duplication of functionality between 6G RAN and 6G CN.
5.	Real-time voice and video services under operator's control and in 3GPP scope (MMTel) will be provided by IMS.
6.	The 6G system is assumed to natively support both Terrestrial Networks (TN) and Non-Terrestrial Networks (NTN).
In addition, based on several key issues defined in TR 23801-01 [3], the following assumptions apply for the 6G media delivery:
7.	The conclusions of particularly the following key issues serve as the baseline for future discussion for 6G media delivery:
-	 Key Issue #3: Support of Network Slicing in the 6G system
-	Key Issue #4: User Plane Architecture
-	Key Issue #5: QoS Framework for 6G
-	Key Issue #7: Network Exposure
-	Key Issue #11: Support of non-3GPP access
-	Key Issue #12: Voice Services for 6G
-	Key Issue #15: Messaging Services for 6G
-	Key Issue #19: 6G Network for AI
-	Key Issue #20: Integrated Sensing and Communication
-	Key Issue #21: 6G data framework in SA2
-	Key Issue #22: 6G Computing Support
-	Key Issue #23: Support of 6G NTN
In addition, the following assumptions apply for the 6G media delivery:
8.	The common Media Delivery architecture as defined in TS 26.501 [4], clause 4.1.2, and TS 26.506 [5], clause 4.1.2, is assumed as a starting point for discussion of the 6G Media Delivery architecture.
9.	For codecs and formats related to streaming, the codecs and formats defined in TS 26.511 [26511] serve as a starting for the discussion for codecs and formats for 6G media streaming. 
10.	For protocols related to media streaming, the protocols defined in TS 26.512 [26512] serve as a starting for the discussion for protocols for 6G media streaming. 
11.	For protocols, codecs and formats related to real-time communication, the protocols, codecs and formats defined in TS 26.114 [26114] serve as a starting for the discussion for protocols, codecs and formats for Voice Services and IMS‑Based Multimedia Telephony and Communication Services for 6G.  
12.	For codecs and formats related to messaging, the codecs and formats defined in TS 26.143 [26143] serve as a starting for the discussion for codecs and formats for Messaging Services for 6G. 
Editor's note:	Additional assumptions may be added.

[bookmark: _Toc122508433][bookmark: _Toc204948586][bookmark: _Toc204948713][bookmark: _Toc206752131][bookmark: _Toc212546992][bookmark: _Toc216796678][bookmark: _Toc221870696]4.2	Requirements
Editor's note:	This clause defines the architectural and media-related requirements that serve as the foundation for the study. It collects SA1 defined requirements and associated use cases.
[bookmark: _Toc212546993][bookmark: _Toc216796679][bookmark: _Toc221870697]4.3	Existing media services
Editor's note:	This clause collects existing media services that are already addressed in 4G and 5G, and identifies the status of the services in terms of relevancy and deployments.
[bookmark: _Toc221870698]4.3.1	General

Editor's note:	This clause collects existing media services that are already addressed in 4G and 5G, and identifies the status of the services in terms of relevancy and deployments.
3GPP defines full media services. Generally, media services are defined across working groups as follows:
-	SA1: What is the service?
-	SA2: How is the service supported (architecture)?
-	SA4: What media technologies enable it (content delivery protocols, codecs, formats, QoE)?
On top of full media services, 3GPP defines components for media services that enable interoperability for third-party services and applications, referred to as media service enablers.
[bookmark: _Toc221870699]4.3.2	Media Services
The following media services exist and are considered relevant:
-	IMS‑Based Multimedia Telephony and Communication Services [reference]
-	SA1 defines service requirements for IMS communication & multimedia telephony [reference]
-	SA2 defines system architecture for multimedia services in the 5G system and EPS, including IMS [reference]
-	SA4 specifies media codecs (audio/video), formats, delivery protocols, QoE metrics, telephony acoustics in TS 26.114 [26114].
-	XR (AR/VR/MR) Media "Services"
-	SA1 defines XR use cases and Stage‑1 service requirements [reference]
-	SA2 defines 5G XR/media service architecture improvements (e.g., multi‑modal QoS, information exposure) [reference]
-	SA4 defines XR traffic characteristics, media formats, XR‑related codecs and delivery frameworks. [reference]
Editor's note:	Additional Media Services may be added.
[bookmark: _Toc221870700]4.3.3	Media Service [frameworks]
Among other, 3GPP defines components that enable media services. Relevant existing ones are:
-	Real-time Communication alternative to IMS
-	TS 26.506 – 5G Real-time Media Communication Architecture (Stage 2). 
-	TS 26.113 – Real-Time Media Communication; Protocols and APIs. 
-	TS 26.510 – Media delivery; interactions and APIs for provisioning and media session handling. 
-	TS 26.522 – 5G Real-time Media Transport Protocol Configurations.
-	5G Media Streaming
-	TS 26.501 – 5G Media Streaming (5GMS); General description and architecture. 
-	TS 26.510 – Media delivery; interactions and APIs for provisioning and media session handling. 
-	TS 26.511 – 5G Media Streaming (5GMS); Profiles, codecs and formats. 
-	TS 26.512 – 5G Media Streaming (5GMS); Protocols. 
-	TS 26.117 – 5G Media Streaming (5GMS); Speech and audio profiles.
-	Messaging Media Profiles
-	TS 26.143 – Messaging Media profiles
-	MBS User Services
-	TS 26.502  – 5G multicast-broadcast services; User service architecture.
-	TS 26.517  – 5G Multicast-Broadcast User Services; Protocols and Formats.
Editor's note:	Additional Media Services enablers should be added.
[bookmark: _Toc221870701]4.3.4	Media Service Enablers
3GPP has formalized these enablers as Media Service Enablers in 3GPP TR 26.857 [TR26857].
3GPP defines the following formal Media Service Enabler (MSE):
· TS 26.565 [26565] defines a Media Service Enabler for Split Rendering, a technique where media processing/rendering is shared between the device and the network/edge


[bookmark: _Toc212546994][bookmark: _Toc216796680][bookmark: _Toc221870702]5	New trends and expected services related to media
Editor's note:	identify media-related industry trends from operators, third-party providers and verticals that may impact 6G media architectures

[bookmark: _Toc22192646][bookmark: _Toc23402384][bookmark: _Toc23402414][bookmark: _Toc26386411][bookmark: _Toc26431217][bookmark: _Toc30694613][bookmark: _Toc43906635][bookmark: _Toc43906751][bookmark: _Toc44311877][bookmark: _Toc50536519][bookmark: _Toc54930291][bookmark: _Toc54968096][bookmark: _Toc57236418][bookmark: _Toc57236581][bookmark: _Toc57530222][bookmark: _Toc57532423][bookmark: _Toc153792588][bookmark: _Toc153792673][bookmark: _Toc204948587][bookmark: _Toc204948714][bookmark: _Toc206752132][bookmark: _Toc212546995][bookmark: _Toc216796681][bookmark: _Toc221870703]6	Work topics: Description and discussion
Editor's note:	This clause identifies work topics based on the objective of the study item and newly defined work topics. 
[bookmark: _Toc212546996][bookmark: _Toc216796682][bookmark: _Toc26386412][bookmark: _Toc26431218][bookmark: _Toc30694614][bookmark: _Toc43906636][bookmark: _Toc43906752][bookmark: _Toc44311878][bookmark: _Toc50536520][bookmark: _Toc54930292][bookmark: _Toc54968097][bookmark: _Toc57236419][bookmark: _Toc57236582][bookmark: _Toc57530223][bookmark: _Toc57532424][bookmark: _Toc153792589][bookmark: _Toc153792674][bookmark: _Toc204948588][bookmark: _Toc204948715][bookmark: _Toc206752133][bookmark: _Toc221870704]6.0	Introduction
[bookmark: _Toc212546997][bookmark: _Toc216796683][bookmark: _Toc221870705]6.1	Work topic #1: Media delivery architecture
Editor's note: The present Work Task is structured according to the agreed subsection format, including: Description, Key Issues, Context and External Factors, Potential Solutions, Mapping of Issues to Solutions, and Conclusions. The subsection ordering may be adapted as appropriate for the specific content of the Work Task.
[bookmark: _Toc221870706].6.1.1	Introduction
[bookmark: _Toc221870707]6.1.1.1	High-level Description
Editor’s Note:	Alignment with terminology in clause 4 needs to be done
This clause addresses the study of a harmonized media delivery architecture for 6G based on TS 26.501 [26501], TS 26.506 [26506] and the new developments in 6G architecture to support flexible deployment scenarios of new services e.g. XR/Immersive communication and use cases while maintaining relevant baseline services in alignment with TR 23.801-01 [3]. 
The media delivery architecture is defined as collection of capabilities and high-level functionalities. 
Aspects to be taken into account include, but are not limited to and not in priority order:
-	whether the current 5G media delivery architecture functionalities accommodate the new 6G use cases and identify which relevant components from 5G and possibly earlier Gs may be re-used and improved,
-	simplification of the architecture, for example for improved deployability and implementability,
-	possibly further harmonization of the media delivery architecture for streaming and conversational services,
-	collect relevant existing and emerging content delivery protocols and enable their use in 6G,
-	aligning the media delivery architecture with 6G design concepts to be defined by SA2,
-	aligning the architecture to accommodate commercially relevant media services and evolving standardization activities.
[bookmark: _Toc221870708]6.1.1.2	Potentially relevant use cases and requirements
Editor's note: needs to be completed by checking SA1.
[bookmark: _Toc221870709]6.1.1.3	Potentially relevant 6G architecture key issues
Based on the features defined TS 26.501 and TS 26.506, the following key issues in TR 23.801-01 may potentially be relevant for this work topic:
-	Key Issue #2: SBA framework
-	Key Issue #3: Support of Network Slicing in the 6G system
-	Key Issue #4: User Plane Architecture
-	Key Issue #5: QoS Framework for 6G
-	Key Issue #7: Network Exposure
-	Key Issue #17: Migration and Interworking
Editor's note: continuous checking is needed.
[bookmark: _Toc221870710]6.1.1.4	Media Application Service model
In order to define a media delivery architecture, it is assumed that an application, if following certain assumptions, can benefit from the media delivery architecture. 
Terminology used in the common Media Delivery architecture as defined in TS 26.501 [4], clause 4.1.2, and TS 26.506 [5], clause 4.1.2, is used without implying that the 6G media delivery architecture is identical to the definitions in 5G.
The model for a Media Application Service carried over a Media Delivery System can be described as follows using TS 26.501 [4], clause 4.1.2, and TS 26.506 [5], clause 4.1.2 definitions:
1.	A simple media delivery session is comprised of one or more Service Data Flows traversing the User Plane between a Media Client and one or several service locations exposed by the Media Application Server at reference point M4. Depending on the Media Application Service in question, media content may flow in one or both directions (i.e., downlink and/or uplink) at this reference point. Likewise, multiple Application Data Flows may be multiplexed onto a single Service Data Flow (IP 5-tuple) or each Application Data Flow may be mapped onto a unique Service Data Flow. The IP 5‑tuple consists of:
-	Source IP address
-	Destination IP address
-	Source port number
-	Destination port number
-	Transport layer protocol (e.g., TCP, UDP, SCTP)
2.	Different Service Data Flows comprising a media delivery session may target different service location endpoints offered by the (logical) Media AS during the course of a media delivery session.
4.	Each service location endpoint may be provided by a different deployed server (physical or virtual).
5.	Depending on the set of active service location endpoints currently in use by the media delivery session, and the server from which they are exposed, and the ANDSP (Access Network Discovery and Selection Policy) currently in force, the Service Data Flows of a particular media delivery session may be mapped into one or multiple physical network interfaces. The ANDSP for 5G is typically the UE Route Selection Policy (URSP), but other physical network interfaces are mapped by the HLOS.
6.	Depending on the ANDSP currently in force, the supporting the Service Data Flows of a media delivery session may traverse different IP connections and Data Networks between the Media Client and the Media AS.
7.	The IP connections supporting the Service Data Flows of a media delivery session may traverse different Access Networks between the Media Client and the Media AS.
8.	Service Data Flows may migrate between different IP sessions during the course of the media delivery session due to mobility of the media client.
This model is used as a starting point for application services that may potentially benefit from the media delivery architecture.
[bookmark: _Toc221870711]6.1.1.5	Key Issues
In order to define a Media Delivery system for a diverse set of media applications and services traffic patterns, the following are studied taking the 5G Media Delivery architecture as a starting point for discussion:
1.	Should the media delivery architecture for streaming and real-time communication services be harmonized or separated?
2.	What relevant existing and emerging content delivery protocols and would map to the 5G media delivery architecture, and what extensions or simplifications can be done for 6G Media Delivery?
Editor's note: more to be added.

[bookmark: _Toc212547003][bookmark: _Toc216796689][bookmark: _Toc221870712]6.2	Work topic #2: 6G media
Editor's note: The present Work Task is structured according to the agreed subsection format, including: Description, Key Issues, Context and External Factors, Potential Solutions, Mapping of Issues to Solutions, and Conclusions. The subsection ordering may be adapted as appropriate for the specific content of the Work Task.

[bookmark: _Toc216796690][bookmark: _Toc221870713]6.3	Work topic #3: Media aspects related to SA2 topics
Editor's note: The present Work Task is structured according to the agreed subsection format, including: Description, Key Issues, Context and External Factors, Potential Solutions, Mapping of Issues to Solutions, and Conclusions. The subsection ordering may be adapted as appropriate for the specific content of the Work Task.

[bookmark: _Toc212547004][bookmark: _Toc216796691][bookmark: _Toc221870714]6.4	Work topic #4: Media for ubiquitous access
Editor's note: The present Work Task is structured according to the agreed subsection format, including: Description, Key Issues, Context and External Factors, Potential Solutions, Mapping of Issues to Solutions, and Conclusions. The subsection ordering may be adapted as appropriate for the specific content of the Work Task.
[bookmark: _Toc221870715]6.4.1	Introduction
[bookmark: _Toc221870716]6.4.1.1	High-level Description
Editor's note: improved description needed.
This clause addresses the study aspects and opportunities for support of media services on ubiquitous networks including Non-Terrestrial Networks and other low bit-rate/low power scenarios beyond speech. The primary focus is to identify supported bitrates, functionalities, delays, power consumption and other design vectors, in particular also taking into account the information collected in the Ultra-Low Bitrate Codec (ULBC) study documented in TR 26.940 [26940].
[bookmark: _Toc221870717]6.4.1.2	Potentially relevant use cases and requirements
Editor's note: needs to be completed by checking SA1.
[bookmark: _Toc221870718]6.4.1.3	Potentially relevant 6G architecture key issues
The following key issues in TR 23.801-01 may potentially be relevant for this work topic:
-	Key Issue #4: User Plane Architecture
[bookmark: _Hlk221038234]-	Key Issue #23: Support of 6G NTN 
-	Key Issue #24: Analyse 5GS IoT features and solutions
[bookmark: _Toc221870719]6.4.1.4	Key Issues
In order to identify aspects and opportunities for support of media services on ubiquitous networks including Non-Terrestrial Networks and other low bit-rate/low power scenarios, the following key issues are studied as a starting point for discussion:
1.	What are bitrate ranges, latencies and loss characteristics of relevant 3GPP Non-Terrestrial Networks?
2.	How would existing services and applications perform under such channel conditions?
Editor's note: more to be added.

[bookmark: _Toc212547005][bookmark: _Toc216796692][bookmark: _Toc221870720]6.5	Work topic #5: Trusted and private communication for media
Editor's note: The present Work Task is structured according to the agreed subsection format, including: Description, Key Issues, Context and External Factors, Potential Solutions, Mapping of Issues to Solutions, and Conclusions. The subsection ordering may be adapted as appropriate for the specific content of the Work Task.

[bookmark: _Toc212547006][bookmark: _Toc216796693][bookmark: _Toc221870721]6.X	Work topic #X: 
Editor's note: The present Work Task is structured according to the agreed subsection format, including: Description, Key Issues, Context and External Factors, Potential Solutions, Mapping of Issues to Solutions, and Conclusions. The subsection ordering may be adapted as appropriate for the specific content of the Work Task.

[bookmark: _Toc310438366][bookmark: _Toc324232216][bookmark: _Toc326248735][bookmark: _Toc510604412]
[bookmark: _Toc204948602][bookmark: _Toc204948729][bookmark: _Toc206752145][bookmark: _Toc212547007][bookmark: _Toc216796694][bookmark: _Toc221870722]7	Consolidated findings
Editor's note:	This clause can be used to consolidate findings based on the considerations in clause 6.

[bookmark: _Toc92875666][bookmark: _Toc93070690][bookmark: _Toc204948603][bookmark: _Toc204948730][bookmark: _Toc206752146][bookmark: _Toc212547008][bookmark: _Toc216796695][bookmark: _Toc221870723]8	Recommendations for follow-up work
Editor's note:	This clause will provide recommendations for follow-up work.

[bookmark: _Toc221870724]
Annex A:
Use cases and observations to be adopted
[bookmark: _Toc221870725]A.1	Introduction 
This Annex content will be adopted to clause 4.2 as source of use cases and observations to extract requirements from for work topics in SA4 6G study.
[bookmark: _Toc221870726]A.2	Requirements
[bookmark: _Toc221870727]A.2.1	Introduction
This clause aggregates SA1‑defined use cases together with contributor‑provided use cases, ranging from immersive communication to AI‑enabled services and embodied intelligence, with the aim of enabling SA4 to identify media‑related gaps for 6G. By organizing these inputs, this clause supports SA4 in deriving observations and requirements for the current TR and for the work topics described in clause 6.

[bookmark: _Toc4764647][bookmark: _Toc20215360][bookmark: _Toc193004372][bookmark: _Toc221870728]A.2.2		Use case on smart life for aging population with immersive real time communication

The Intelligent immersive calling service is described in clause 9.10 of TR 22.870 

This use case aims to introduce AI‑enhanced immersive calling capabilities (e.g., 4K HDR uplink, eye tracking, intention detection) to improve accessibility and communication quality for aging users, ensuring SA4 evaluates architectural and media implications of intelligent multimodal calling.
The contributor’s intent is to highlight real‑world device constraints and cross‑device awareness needs, showing that AI‑driven immersive calling requires high‑resolution uplink video, multimodal sensing and adaptive QoE, thus guiding SA4 to identify media transport and synchronization challenges.


[bookmark: _Toc221870729]A.2.3	Use cases for traffic characterization tests 
A.2.3.1	Introduction
Introduced use cases in this clause are not as requirements proposals, but brought as input to SA4’s traffic characterization and test scenarios work, enabling objective evaluation of AI‑related traffic patterns for 6G media studies.
[bookmark: _Toc221870730]A.2.3.2		AI Agent Communication use cases
This clause introduces these SA1 use cases to help SA4 analyse iterative, bursty, tool‑calling patterns of multi‑agent interactions, which are essential for defining realistic traffic models and evaluation scenarios.

-	6G AI Agent collaboration with third-party AI using LLM, Clause 6.6 of TR 22.870
-	AI Agents communication (multi-group task-oriented communication), Clause 6.7 of TR 22.870
-	6G system assisted AI agent service, Clause 6.8 of TR 22.870
-	Collaborative AI Agents, Clause 6.9 of TR 22.870
-	Built-in intelligent communication assistant (customized AI assistant for voice/text/gesture interaction), Clause 6.11 of TR 22.870.

[bookmark: _Toc221870731]A.2.3.3	Generative AI and LLM use cases
These generative AI tasks are provided so SA4 can study the large, asymmetric, and compute‑driven traffic flows of LLM‑based applications, forming the basis for test scenarios involving high‑payload and RAG‑type interactions.

-	Retrieval Augmented Generation for LLM, Clause 6.13 of TR 22.870
-	Optimizing user experience for GenAI applications, Clause 6.26 of TR 22.870
-	UE-Network collaboration with AI capabilities (LLM task offloading), Clause 6.31 of TR 22.870
-	AI text-to-video generation supported by computing, Clause 6.33 of TR 22.870
-	6G provided communication service for AI traffic, Clause 6.59 of TR 22.870

[bookmark: _Toc221870732]A.2.3.4	Real-time AI Inference use cases
This section includes real‑time inference cases to ensure SA4 can evaluate latency‑critical uplink and streaming behaviour and measure how 6G networks must support stringent delay and reliability requirements.

-	End-to-end AI for connected cars (in-vehicle AI, edge AI, cloud AI), Clause 6.3 of TR 22.870
-	Intelligent communication assistant, Clause 6.17 of TR 22.870
-	Intelligent calling services, Clause 6.22
-	AI for disability support (real-time video/audio analysis and enhancement), Clause 6.38 of TR 22.870
-	6GS providing low-latency AI inference service, Clause 6.49 of TR 22.870

[bookmark: _Toc221870733]A.2.3.5	Computing and resource exposure use cases
These use cases are introduced with the aim of enabling SA4 to characterize traffic patterns generated by distributed computing and AI offloading, supporting testbed‑driven evaluation of compute‑aware network behaviour.

-	Optimizing 6G infrastructure utilisation via resource exposure, Clause 6.2 of TR 22.870
-	Distributed 6G network for AI computing, Clause 6.24 of TR 22.870
-	Network-assisted video-based AI inference task offloading for mobile embodied AI, Clause 6.28 of TR 22.870
-	6G computing support for AI model inference, Clause 6.34 of TR 22.870
-	Real time video super-resolution service (network-based AI video enhancement), Clause 6.50 of TR 22.870
[bookmark: _Toc221870734]A.2.4	Use cases to study characteristics of AI-enabled applications
These use cases are introduced to establish the diversity and complexity of XR and AI‑enabled mobile applications, aiming to help SA4 identify multimodality, synchronization, and new media representation challenges relevant to 6G media architecture.

-	Use case on personalised interactive immersive guided tour, Clause 9.12 of TR 22.870
-	Use case on network-assisted video-based AI inference task offloading for mobile embodied AI, Clause 6.28 of TR 22.870
-	Use case on AI-assisted multi-modal communication service, Clause 6.42 of TR 22.870
-	Use case on end-to-end AI for connected cars, Clause 6.3 of TR 22.870
-	Use case on AI/ML model training and inference, Clause 6.25 of TR 22.870

[bookmark: _Toc221870735]A.2.3.1	Observations	
Observation’s goal is to highlight heterogeneity across modalities (video, audio, 3D, haptics, AI data) and emphasize that SA4 must consider multi‑device operation, temporal alignment, and uplink‑heavy traffic in its evaluation of media behaviour.

[ Heterogeneous and Multimodal Mobile application and services
Observation 1: AI-enabled applications and services require heterogenous media types along with AI prompt, AI/ML data AI model parameters (e.g., graph representation, weights) or compressed/uncompressed intermediate data issued from inference tasks, potentially distributed across endpoints. 
Observation 2: Some AI-enabled applications and services (e.g., AR, object detection, scene understanding) require remote AI-based Spatial Computing functions such as those defined in TR 26.819.
QoS granularity and QoE-driven dynamic media adaptation:
Observation 3: The diversity of applications and modalities across AI-enabled applications and services, render the evaluation and classification of traffic characteristics challenging. 
Observation 4: Some AI-enabled applications and services require temporal dependency and synchronization between these different media modalities and AI data, especially for real-time or delay-bound AI inference. 
Observation 5: These applications are characterized by uplink-intensive, bursty or continuous, and multi-modal traffic with diverse latency sensitivity and QoE impact. Multimodal media transmission needs to be adaptive based on the fluctuations in 6G network connectivity, especially in uplink. 
Observation 6: Current QoS frameworks may lack the application and context awareness, granularity, and adaptability needed to accurately characterize and efficiently support such traffic under dynamic 6G network conditions.
Multi-Device Scenarios:
Observation 7: AI-enabled services increasingly operate across heterogeneous multi-devices associated with the same user, rather than being confined to a single UE. Modalities, AI processing may be distributed across the different UEs. 
Observation 8: Existing system assumptions are largely UE-centric and do not address the QoS and QoE requirements of multi-device AI-enabled applications and services.
Observation 9: QoS enhancement and QoE-driven dynamic media adaptation need to operate across heterogenous multi-devices associated with the same user.]

Editor's note:	observations inside brackets are not agreed.

[bookmark: _Toc221870736]A.2.4	Embodied video internet for 6G media use cases
Embodied AI refers to the integration of artificial intelligence into physical systems, enabling them to interact with the physical world. Embodied video internet can be defined as the use of 6G networks to enable intelligent agents, such as robots and UAVs, to capture, process, and react to visual information in real-time within a dynamic environment. The clause extracts the use cases related to Embodied Video from SA1 TR 22.870:
-	Use case on network-assisted video-based AI inference task offloading for mobile embodied AI, Clause 6.28 of TR 22.870
-	Use case on AI-based video analysis, Clause 6.19 of TR 22.870
-	Use cases on Intelligent UAVs swarms, Clause 6.48 of TR 22.870
-	Use case on exposing achievable QoS to aid computational resource selection, Clause 6.11 of TR 22.870
-	Built-in intelligent communication assistant (customized AI assistant for voice/text/gesture interaction), Clause 6.11 of TR 22.870

[bookmark: _Toc221870737]A.2.4.1	Observations
Embodied AI services require the transmission and processing of rich multi‑modal data streams to support real‑time perception, navigation, and interaction. Recent advances show that embodied AI tasks depend on cloud‑ or network‑assisted intelligence, making low‑latency, resilient uplink transport essential for 6G media support.
[Observation 1: There may be scenarios where AI processing for embodied AI is happening at a cloud or server, in such case, the client could either send raw unprocessed visual data (with standard compression) or pre-processed visual data e.g. embeddings derived from the observations made. 
Observation 2: when the tasks are implemented in a cloud server, given that scenario of real time navigation and interaction with the environment, low latency connectivity and error resilience can become a critical factor.
Observation 3: For embodied AI tasks, the evaluation method is highly task dependent, and different metrics are applied for different tasks.  A comprehensive evaluation should consider both user-centric (e.g., multi-stream data types, data quality, and the accuracy and reliability of feedback) and network-centric parameters (delivery speed, latency, end-to-end packet loss, and overall network usage).
Observation 4: Offloaded embodied AI may be demanding bit-rates on the uplink of 20-100 Mbit]
Editor's note:	observations inside brackets are not agreed.
Additional background on selected work topics
Editor's note: The present annex collects supplementary background information related to selected work topics. The intention is to maintain a consolidated and persistent record of contextual material to support ongoing and future work.


[bookmark: _Toc221870738]Annex B:
Network emulator
[bookmark: _Toc221870739]B.1	Background
The emulator supports one-way delay, jitter, loss, bandwidth shaping, and advanced netem controls (correlation, distributions, loss models, reordering, duplication, corruption, and queue limits). It can combine Hierarchical Token Bucket (HTB) rate limiting with netem impairments and is controlled via YAML profiles.
Standard profiles may include ideal_6g (1 ms), 5g_urban (20 ms/0.1% loss/100 Mbit), wifi_good, cell_edge (120 ms/1% loss/5 Mbit), satellite (600 ms/0.5% loss/10 Mbit), congested (200 ms/3% loss/1 Mbit), plus 5QI-derived profiles mapped from PDB/PER values. These profiles align with the study need for realistic and comparable impairments.
NOTE: alternative network emulators may be considered on need basis.
[bookmark: _Toc221870740]B.2	Network emulator architecture
The network emulator is built on Linux Traffic Control (tc) with netem qdisc, providing precise control over network characteristics. The architecture implements a layered approach where network conditions are applied at the interface level, enabling transparent emulation for any media delivery protocol without requiring modifications to the client or server implementations.
[bookmark: _Toc221870741]B.2.1	5QI-based network profiles
The emulator provides pre-defined network profiles derived from 3GPP 5QI specifications. Each profile maps the Packet Delay Budget (PDB) to network delay and the Packet Error Rate (PER) to loss percentage. Key profiles include 5QI 1 (100ms delay, 1% loss for Conversational Voice), 5QI 2 (150ms delay, 0.1% loss for Conversational Video), 5QI 7 (100ms delay, 0.1% loss for Voice and Live Streaming), and 5QI 80 (10ms delay, 0.0001% loss for Low-latency eMBB and AR applications).
[bookmark: _Toc221870742]B.2.2	Advanced Netem controls
Beyond basic delay and loss parameters, the emulator supports advanced netem controls for more realistic network modeling. These include delay distribution models (normal, pareto, paretonormal), delay correlation, loss correlation, Gilbert-Elliott loss models, packet corruption and reordering, bandwidth shaping with HTB (Hierarchical Token Bucket), and configurable packet buffer limits. These capabilities enable simulation of realistic mobile network behavior including bursty loss patterns and variable delay characteristics observed in real deployments.
The following YAML examples shows the definition of several network emulation profiles:
Listing B.2.2-1: YAML example of advanced Netem controls
	# Network Profile Configuration for 6G AI Traffic Characterization Testbed
# Each profile defines network impairment parameters for tc/netem

profiles:
  example_full_profile:
    # === DELAY PARAMETERS ===
    
    # One-way packet delay in milliseconds
    # Maps to: tc qdisc add dev eth0 root netem delay <delay_ms>ms
    delay_ms: 50
    
    # Delay variation (jitter) in milliseconds
    # Adds random variation to base delay using specified distribution
    # Maps to: tc qdisc ... delay 50ms 10ms (adds +/- jitter)
    jitter_ms: 10
    
    # Delay distribution model
    # Options: "normal", "pareto", "paretonormal"
    # - normal: Gaussian distribution (symmetric around mean)
    # - pareto: Heavy-tailed distribution (models bursty delays)
    # - paretonormal: Combination for realistic mobile networks
    # Maps to: tc qdisc ... delay 50ms 10ms distribution pareto
    delay_distribution: "normal"
    
    # Correlation between consecutive packet delays (0-100%)
    # Higher values create smoother delay variations (less random)
    # Maps to: tc qdisc ... delay 50ms 10ms 25%
    delay_correlation_pct: 25
    
    # === LOSS PARAMETERS ===
    
    # Random packet loss percentage (0-100)
    # Maps to: tc qdisc ... loss 0.5%
    loss_pct: 0.5
    
    # Loss correlation for bursty loss patterns (0-100%)
    # Higher values create loss bursts rather than random drops
    # Maps to: tc qdisc ... loss 0.5% 25%
    loss_correlation_pct: 25
    
    # Gilbert-Elliott loss model for realistic loss simulation
    # Defines a two-state Markov model (Good/Bad states)
    # Maps to: tc qdisc ... loss gemodel p h 1-k
    loss_model:
      type: "gemodel"           # Gilbert-Elliott model
      p: 0.01                   # Probability of transitioning Good -> Bad
      r: 0.10                   # Probability of transitioning Bad -> Good  
      h: 0.0                    # Probability of loss in Good state (1-h)
      k: 0.95                   # Probability of loss in Bad state (1-k)
    
    # === BANDWIDTH PARAMETERS ===
    
    # Bandwidth limit in Mbps
    # When set, enables HTB (Hierarchical Token Bucket) with netem as leaf
    # Maps to: tc qdisc add dev eth0 root handle 1: htb default 1
    #          tc class add dev eth0 parent 1: classid 1:1 htb rate 100mbit
    #          tc qdisc add dev eth0 parent 1:1 handle 10: netem ...
    rate_mbit: 100
    
    # Queue buffer size in packets
    # Controls how many packets can be queued before drops occur
    # Maps to: tc qdisc ... limit 1000
    limit_packets: 1000
    
    # === ADDITIONAL IMPAIRMENTS ===
    
    # Packet reordering percentage
    # Causes specified percentage of packets to be delayed further
    # Maps to: tc qdisc ... reorder 5% 50%
    reorder_pct: 0.0
    reorder_correlation_pct: 0
    
    # Packet duplication percentage
    # Causes specified percentage of packets to be sent twice
    # Maps to: tc qdisc ... duplicate 0.1%
    duplicate_pct: 0.0
    
    # Packet corruption percentage
    # Introduces bit errors in specified percentage of packets
    # Maps to: tc qdisc ... corrupt 0.01%
    corrupt_pct: 0.0

  # === EXAMPLE PROFILES ===
  
  ideal_6g:
    # Baseline profile for reference measurements
    # Represents ideal 6G conditions with minimal impairments
    delay_ms: 1
    jitter_ms: 0
    loss_pct: 0.0
    # No rate limit (unlimited bandwidth)
  
  5g_urban:
    # Typical 5G deployment in urban environment
    # Based on field measurements from dense urban deployments
    delay_ms: 20
    jitter_ms: 5
    delay_distribution: "normal"
    delay_correlation_pct: 25
    loss_pct: 0.1
    loss_correlation_pct: 25
    rate_mbit: 100
  
  wifi_good:
    # Home/office WiFi with good signal
    delay_ms: 30
    jitter_ms: 10
    delay_distribution: "normal"
    loss_pct: 0.1
    rate_mbit: 50
  
  cell_edge:
    # Poor cellular coverage (cell edge conditions)
    # Models challenging radio conditions
    delay_ms: 120
    jitter_ms: 40
    delay_distribution: "pareto"
    delay_correlation_pct: 50
    loss_pct: 1.0
    loss_correlation_pct: 50
    rate_mbit: 5
  
  satellite:
    # LEO satellite access (e.g., Starlink)
    # High latency but reasonable bandwidth
    delay_ms: 600
    jitter_ms: 50
    delay_distribution: "normal"
    loss_pct: 0.5
    rate_mbit: 10
  
  congested:
    # Severe network congestion scenario
    delay_ms: 200
    jitter_ms: 100
    delay_distribution: "pareto"
    delay_correlation_pct: 75
    loss_pct: 3.0
    loss_correlation_pct: 75
    rate_mbit: 1
    limit_packets: 100  # Small buffer causes additional drops

  # === 5QI-DERIVED PROFILES ===
  # Based on 3GPP TS 23.501 Table 5.7.4-1
  # PDB (Packet Delay Budget) -> delay_ms
  # PER (Packet Error Rate) -> loss_pct
  
  5qi_1:
    # 5QI 1: Conversational Voice
    # GBR, PDB 100ms, PER 10^-2
    delay_ms: 100
    jitter_ms: 20
    loss_pct: 1.0
  
  5qi_2:
    # 5QI 2: Conversational Video (Live Streaming)
    # GBR, PDB 150ms, PER 10^-3
    delay_ms: 150
    jitter_ms: 30
    loss_pct: 0.1
  
  5qi_7:
    # 5QI 7: Voice, Video, Interactive Gaming
    # Non-GBR, PDB 100ms, PER 10^-3
    delay_ms: 100
    jitter_ms: 20
    loss_pct: 0.1
  
  5qi_80:
    # 5QI 80: Low Latency eMBB (AR)
    # Non-GBR, PDB 10ms, PER 10^-6
    delay_ms: 10
    jitter_ms: 2
    loss_pct: 0.0001
  
# === GLOBAL CONFIGURATION ===
defaults:
  # Default interface to apply impairments
  interface: "eth0"
  
  # Default profile if none specified
  default_profile: "ideal_6g"
  
  # Whether to apply impairments bidirectionally
  # (requires IFB device for ingress shaping)
  bidirectional: true



[bookmark: _Toc221870743]B.2.3	Deployment scenarios
The emulator supports multiple deployment configurations. Standalone deployment allows the emulator to run on a single host for client-side testing. Docker deployment enables containerized execution with NET_ADMIN capabilities for consistent cross-platform testing. Network bridge deployment positions the emulator between client and server segments for transparent traffic shaping. The emulator can also integrate with existing network simulation frameworks such as ns-3 for more comprehensive evaluation scenarios.
The following example shows how the network emulator can be setup:
Listing B.2.3-1: Example deployment scenarios
	from netemu import NetworkEmulator

emulator = NetworkEmulator(
    interface="eth0",
    profiles_path="profiles.yaml"
)

# Apply a named profile for uplink and downlink
emulator.apply_profile("poor_cellular",                      
      ingress_profile="5g_urban")

# ... run tests ...

emulator.clear()



The source code for the testbed can be found under: https://github.com/5G-MAG/6G-Testbed.git



[bookmark: _Toc221870744]Annex C:
AI Traffic characterization testbed
[bookmark: motivation-background][bookmark: _Toc221870745]C.1 	Introduction
FS_6G_MED targets media aspects for 6G and requires quantitative characterization of emerging AI-based media services under diverse network conditions. The testbed provides an end-to-end framework to run scenarios, emulate network conditions, and log metrics in a reproducible manner.
Key capabilities include orchestration of scenarios, provider adapters for different commercial and self-hosted models, L3/L4 capture (tcpdump), optional L7 capture (mitmproxy), and SQLite-based logging for large-scale analysis.
Metrics include TTFT/TTLT, latency percentiles, success rate, UL/DL bytes and ratios, token rate, tool-call latency, burstiness, streaming stall statistics, as well as all pcap-enabled analysis. 
Editor’s Note: Whether and how TTFT, TTLT and tool-call latency can be used for AI traffic evaluation is FFS.
Trace logging provides visibility into protocol and payload behavior. The testbed enables trace generation, e.g. WebRTC SDP samples and exact agent request/response payloads, which can be enabled by setting TRACE_PAYLOADS=1.
[bookmark: architecture-and-code-structure][bookmark: _Toc221870746]C.2	Architecture and code structure
The testbed architecture is orchestrator-centric with clear separation of scenarios, clients, network emulation, capture, and analysis:
· orchestrator.py coordinates scenario runs, applies network profiles, handles retries, and generates reports.
· scenarios/* implement traffic patterns (chat, agent, direct search, realtime, multimodal, image, video, computer use).
· clients/* provide provider adapters, including OpenAI, Gemini, DeepSeek (OpenAI-compatible), and vLLM for self-hosted models.
· netem: external dependency on the network emulator module that is proposed to be common to all studies [1].
· capture/* provides L3/L4 pcap capture and L7 capture via mitmproxy.
· analysis/* logs to SQLite, computes 3GPP-aligned metrics, and generates plots.
[bookmark: how-to-use-the-testbed-summary][bookmark: _Toc221870747]C.3	How to use the testbed
The testbed is designed to be easily usable and highly configurable. The following steps are typical steps for running an evaluation:
· Configure scenarios and models in configs/scenarios.yaml and network profiles in configs/profiles.yaml.
· Run a single scenario: python orchestrator.py –scenario chat_basic –profile 5g_urban –runs 10
· Run the full matrix: python orchestrator.py –scenario all –runs 5
· Enable L3/L4 capture: –capture-pcap 
· Enable L7 capture: –capture-l7 
[bookmark: extending-the-testbed]New scenarios can be added by creating a class in scenarios/ that extends BaseScenario, registering it in scenarios/init.py, and adding a YAML entry in configs/scenarios.yaml.
New providers can be added by implementing a client in clients/ that subclasses LLMClient and registering it in the orchestrator client factory.
[bookmark: vllm-for-self-hosted-models]The testbed includes a vLLM client (clients/vllm_client.py) and example scenarios in configs/scenarios.yaml (e.g., chat_vllm). This enables evaluation of self-hosted models via the OpenAI-compatible API provided by vLLM, supporting the same metrics and logging pipeline as hosted providers.
The source code for the testbed can be found under: https://github.com/5G-MAG/6G-Testbed.git

[bookmark: _Toc221870748]
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