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[bookmark: foreword][bookmark: _CRForeword][bookmark: _Toc210224463][bookmark: _Toc202292377][bookmark: _Toc193877461][bookmark: _Toc193876236]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: _CR1][bookmark: scope][bookmark: _Toc202292378][bookmark: _Toc210224464][bookmark: _Toc193877462][bookmark: _Toc193876237]
1	Scope
Editors NOTE: scope will be provided
[bookmark: references][bookmark: _CR2][bookmark: _Toc193877463][bookmark: _Toc210224465][bookmark: _Toc193876238][bookmark: _Toc202292379]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 TS 26.522: "5G Real-time Media Transport Protocol Configurations".
[3]	3GPP TS 23.501: "System architecture for the 5G System (5GS)".
[4]	3GPP TS 26.822: "Study of 5G RTP protocol phase 2".
[5]	3GPP TR 23.700-70: "Study on architecture enhancement for Extended Reality and Media service (XRM); Phase 2".
[6]	3GPP TR 26.925: Technical Specification Group Services and System Aspects; Typical traffic characteristics of media services on 3GPP networks
[7]	3GPP TR 26.926: "Traffic Models and Quality Evaluation Methods for Media and XR Services in 5G Systems".
[bookmark: _CR3][bookmark: definitions][bookmark: _Toc193877464][bookmark: _Toc202292380][bookmark: _Toc210224466][bookmark: _Toc193876239]3	Definitions of terms, symbols and abbreviations
[bookmark: _CR3_1][bookmark: _Toc202292381][bookmark: _Toc210224467][bookmark: _Toc193876240][bookmark: _Toc193877465]3.1	Terms
Void
[bookmark: _CR3_2][bookmark: _Toc193877466][bookmark: _Toc210224468][bookmark: _Toc193876241][bookmark: _Toc202292382]3.2	Symbols
Void.

[bookmark: _CR3_3][bookmark: _Toc193876242][bookmark: _Toc193877467][bookmark: _Toc202292383][bookmark: _Toc210224469]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].
AL-FEC	Application-Layer Forward Error Correction
AVC	Advanced Video Coding
CDRX	Connected mode discontinuous reception
GCC 	Google Congestion Control
H.266/VVC         ITU H.266/MPEG Versatile Video Coding
HE	(RTP) Header Extension
HEVC	High Efficiency Video Coding
IMS	IP Multimedia Subsystem
IRAP	Intra Random Access Picture
MTSI	Multimedia Telephony Service for IMS
NADA	Network-Assisted Dynamic Adaptation
NAL	Network Abstraction Layer
NG-RAN	Next Generation Radio Access Network
NPDS	Number of PDUs in a PDU Set
NTP	Network Time Protocol
OS	Operating System
PCC	Performance-oriented Congestion Control
PSI	PDU Set Importance
PSN	PDU Sequence Number within a PDU Set (PSN)
PSSize	PDU Set Size
PSSN	PDU Set Sequence Number
PTP	Precision Time Protocol
RLC	Radio Link Control
rPSSize	remaining PDU Set Size
RTC	Real Time Communication
RTCP XR	RTCP eXtended Report
RTCP	RTP Control Protocol
SCReAM	Self-Clocked Rate Adaptation for Multimedia
[bookmark: clause4]SRTP	Secure RTP
UDP	User Datagram Protocol
UPF	User Plane Function
XR	eXtended Reality
[bookmark: _CR4][bookmark: _Toc193877468][bookmark: _Toc202292384][bookmark: _Toc193876243][bookmark: _Toc210224470]4	Introduction
[bookmark: _Toc210224471]4.1 Justification
Additional support for transmission of content with dynamically changing traffic characteristics and enhanced QoS was added to the 5G System, see [3] and [5]. Table 1 shows an overview of these features from TS 23.501[3] for dynamically changing traffic characteristics. In that case the 5G System takes advantage of the bursts of the transmission over time to enable more efficient and power optimized transmission. However, usage of these characteristics in media applications and services are not well understood when they have to be implemented in media applications and services. This report presents an investigation in techniques to identify and characterisation in media applications and services in order to utilize improved 5G QoS usage.
Other QoS features available in the 5G system relevant to this study are documented in Table 2 and can also benefit from additional guidelines for different relevant scenarios from a media application and service implementation perspective. This is also investigated in this technical report.
Table 1  5GS features defined in TS 23.501 for dynamically changing traffic characteristics (originally targeting XR applications)
	Feature
	Reference
	Benefit

	a) Data Burst Size
	TS 23.501           
clause 5.37.10.1
	Data burst for improved scheduling of the transmission

	b) Time to Next Burst
	TS 23.501           
clause 5.37.10.2
	Time to next burst for improved transmission and resource saving

	c) Expedited data transfer with reflective QoS
	TS 23.501           
clause 5.37.10.3 
	Improve data transmission by using alternative QoS enabling expedited data transfer in case temporarily a higher bit-rate is needed



Table 2  Other (enhanced) QoS features in the 5G System relevant for media applications and services
	Feature
	Reference
	Benefit

	a) PDU Set QoS Parameters
	TS 23.501 clause 5.7.7
	Grouped transmission and combined QoS for groups of packets (PDU Set Based Handling)

	b) Policy for multi modal service
	TS 23.501 clause 5.37.2
	Policy for multimodal services

	c) End of data burst indication
	TS 23.501 clause 5.37.8.2
	Indication of end of a data burst

	d) 5G QoS model
	TS 23.501 clause 5.7
	General QoS framework in 5G system



This report further documents using enhanced QoS features in the 5G System in the context of media applications and services, and identifying possible gaps in existing specifications and identify normative work.
New types of streams exhibit patterns of data bursts and aperiodicity with either high bitrate as identified for high bitrate conversational services introduce irregular bursty traffic patterns with low bitrate for haptics media or animation and/or pose streams sent uplink for AR/VR services.
Earlier studies for 5G System based media transmission such as in [4] explored real time communications (RTP), but other applications such as HTTP video streaming or short form video download may also benefit from features offered by the 5G System.
In the current framework, Video and Audio have been considered rather independently from a QoE/QoS perspective. As these new types of streams are becoming mainstream in emerging services, assessing the desired QoS granularity for these is increasingly relevant, particularly in multimodal services, where prioritization should be carefully considered.  
This report takes different use cases and scenarios corresponding to media applications and services and study the traffic characteristics in different test scenarios. Test setups corresponding to these realistic scenarios and implementations are documented. The main emphasis is on identifying dynamically changing traffic characteristics and using related QoS features available in the 5G System. The study will explore the usage, related benefits and deployment aspects. Use cases defined will include common cases such as real-time communication, streaming and short form video download and upload for AI inferencing.
The emerging use-case of transmitting media to be leveraged by an AI enhanced application can impact traffic characteristics in new ways. On the uplink, media is transmitted that may include, chunks of video, audio and text generating a periodic or aperiodic burst pattern that uses different resolutions, framerates and data rates as compared to regular A/V traffic [6]. 
The report aims to identify meaningful usage of features specified in Table 1 and potentially Table 2 for providing better QoS and QoE to the uplink media in different use cases. In addition, observed dynamic traffic characteristics in different test cases will be documented.
The overall QoE and QoS granularity may also consider the dependency between the uplink and downlink streams to meet the latency sensitive service requirements. 
[bookmark: _Toc210224472]4.2 Objectives
The objectives of this report are the following:
1. Document popular media applications and service scenarios that may exhibit dynamically changing traffic characteristics (as defined in Table 1), such as:
a. Real-Time Communication for conversational, XR and/or gaming applications and services, both on the uplink and downlink.
b. Video on demand streaming and progressive download 
c. Live Streaming 
d. Short form video download
e. Media transmission for upstream AI inference.
NOTE: 	The applications and services documented will be based on representative workflows and implementations used in practice to enable realistic evaluation
NOTE: 	The aim is to strengthen the generic support for these applications not to include them in an SA4 architecture or make them part of a new SA4 specification.
2. For a relevant subset of the media applications/service scenarios defined above do the following:
a) Develop observation tests to evaluate these scenarios. Tests will for example collect network traffic traces in real and emulated network.
b) Execute the tests and collect relevant information to what extent the reference applications exhibit dynamically changing traffic characteristics (see Table 1).
c) Document possible benefits of applying QoS features as defined in Table 1 and potentially Table 2
NOTE: 	All tests are documented sufficiently to enable reproducing the tests. 
3. Based on the findings in the tests from 2 do the following:
a) Document and describe observed dynamic traffic characteristics in media applications and services. 
b) Document potential improvements when applying different QoS features from Table 1 or Table 2, for uplink, downlink and with dependent UL/DL flows, these may include:
i. PDU Set marking overhead for each media stream and for a set of multi-modal streams.
ii. Effectiveness of using PSI for one or more media streams, taking into account the desired QoS granularity and synchronization.
iii. Other potential improvements
c) Map the reference scenarios to end-to-end procedures and
i. document guidelines on how to enable the features, 
ii. identify the impacts when implementing the features, for example PDU set marking overhead
iii. identify and document potential gaps in the tested applications to support the features.
iv. Identify potential improvements to usage of the QoS framework to exploit existing signalling in applications.
v. Identify improvements to QoE metrics, if any
4. Based on the findings in 3, do one or more of the following
a) Document guidelines on how to identify and characterize dynamic traffic characteristics in media applications and services.
b) Refine call flows and typical workflows involving QoS usage and dynamically changing traffic characteristics usage in typical scenarios using characteristics as defined in Table 1. 

c) Identify gaps in stage-2 and stage-3 specifications, if any.
d) Develop solutions for identified gaps and recommend potential updates to SA4’s stage-2 and stage-3 specifications.
e) Provide recommendations for normative work.

[bookmark: _Toc210224473]4.3 Outline
Clause 5 of this report documents the service applications and scenarios considered. 
Clause 6 of this report presents the tests based on realistic deployments considering the application and service scenarios from clause 5 and documents possible benefits of using QoS features from the 5G network. 
Clause 7 documents the observed dynamic traffic characteristics and possible improvements to the usage of different QoS features in the 5G System. The suggested improvements will be documented in detail including end-end procedures, possible gaps in existing software and implementations and related normative specifications and possible gaps in existing Quality of Experience Metrics.
Clause 8 then provides an analysis and identification of gaps in current normative specifications and suggest follow up for normative work. 
Clause 9 concludes the work and summarizes the resulting recommendations.


[bookmark: _CR4_1][bookmark: _CR5][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: _Toc193876246][bookmark: _Toc193877471][bookmark: _Toc202292387][bookmark: _Toc210224474]5	Media Applications and Service Scenarios
Editors NOTE: this clause will present the use cases and scenarios considered for the evaluation with simple description example end-to-end procedures and example QoE metrics and 3GPP QoS usage.
[bookmark: _CR5_1][bookmark: _Toc193876247][bookmark: _Toc26386412][bookmark: _Toc26431218][bookmark: _Toc57530223][bookmark: _Toc57532424][bookmark: _Toc57236419][bookmark: _Toc57236582][bookmark: _Toc50536520][bookmark: _Toc54930292][bookmark: _Toc54968097][bookmark: _Toc43906752][bookmark: _Toc30694614][bookmark: _Toc43906636][bookmark: _Toc193877472][bookmark: _Toc44311878][bookmark: _Toc202292388][bookmark: _Toc210224475]5.1	Introduction
void
[bookmark: _CR5_2][bookmark: _CR5_1_1][bookmark: _Toc193876249][bookmark: _Toc193877474][bookmark: _Toc202292390][bookmark: _Toc210224476][bookmark: _Hlk500943653]5.2	Real-Time Communication for Conversational XR
[bookmark: _CR5_2_1][bookmark: _Toc202292391][bookmark: _Toc210224477][bookmark: _Toc193876250][bookmark: _Toc193877475]5.2.1	Description
void
[bookmark: _Toc210224478]5.2.2	Typical implementation and end-to-end procedures 
void
[bookmark: _Toc210224479]5.2.3	Typical QoS and QoE criteria 
Void
5.2.4	Example QoS usage in the 3GPP Network 
void

[bookmark: _CR5_3][bookmark: _Toc193876251][bookmark: _Toc202292392][bookmark: _Toc193877476][bookmark: _Toc210224480]5.3	Video on demand streaming 


[bookmark: _CR5_3_1][bookmark: _Toc193876252][bookmark: _Toc202292393][bookmark: _Toc210224481][bookmark: _Toc193877477]5.3.1	Description
void
[bookmark: _Toc210224482]5.3.2	Typical implementation and end-to-end procedures 
void
[bookmark: _Toc210224483]5.3.3	Typical QoS and QoE criteria 
Void
5.3.4	Example QoS usage in the 3GPP network 
void

[bookmark: _Toc210224484]5.4	Live streaming 
[bookmark: _Toc210224485]5.4.1	Description
void
[bookmark: _Toc210224486]5.4.2	Typical implementation and end-to-end procedures 
void
[bookmark: _Toc210224487]5.4.3	Typical QoS and QoE criteria 
Void
5.4.4	Example QoS usage in the 3GPP network 
void

[bookmark: _Toc210224488]5.5	Short Form Video Download 
[bookmark: _Toc210224489]5.54.1	Description
void
[bookmark: _Toc210224490]5.54.2	Typical implementation and end-to-end procedures 
void
[bookmark: _Toc210224491]5.5.3	Typical QoE criteria 
Void
5.5.4	5.4.3	Typical QoS and QoE criteria 
void
[bookmark: _Toc210224492]5.6	Media upstream transmission for AI inferencing
[bookmark: _Toc210224493]5.6.1	Description
void
[bookmark: _Toc210224494]5.6.2	Typical implementation and end-to-end procedures 
void
[bookmark: _Toc210224495]5.6.3	Typical QoS and QoE criteria 
Void
5.6.4	Example QoS in 3GPP Network 
void

[bookmark: _CR6][bookmark: _CR5_4][bookmark: _Toc26431228][bookmark: _Toc30694626][bookmark: _Toc43906648][bookmark: _Toc43906764][bookmark: _Toc44311890][bookmark: _Toc50536532][bookmark: _Toc54930304][bookmark: _Toc54968109][bookmark: _Toc57236431][bookmark: _Toc57236594][bookmark: _Toc57530235][bookmark: _Toc57532436][bookmark: _Toc193876277][bookmark: _Toc193877502][bookmark: _Toc202292418][bookmark: _Toc210224496]6	Experimental Evaluation
Editors Note: the clause will describe the related tests the tests setup, and the evaluation of the results
[bookmark: _CR6_0][bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc193876278][bookmark: _Toc193877503][bookmark: _Toc202292419][bookmark: _Toc210224497][bookmark: _Toc16839382]6.0	General Experimental Approach and Test Setup
Void
[bookmark: startOfAnnexes][bookmark: _CR6_1][bookmark: _Toc193876279][bookmark: _Toc193877504][bookmark: _Toc202292420][bookmark: _Toc210224498][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc500949097]6.1	Evaluation #1: Real-Time Communication for Conversational XR
[bookmark: _Toc210224499]6.1.1  Description 
Void
[bookmark: _Toc210224500]6.1.2  Evaluation
Void
[bookmark: _Toc210224501]6.1.3  Suggested Enhanced QoS support
Void

[bookmark: _Toc210224502]6.2	Experimental Evaluation #2: Video on demand streaming
[bookmark: _Toc210224503]6.2.1  Description
Void
[bookmark: _Toc210224504]6.2.2  Evaluation
Void
[bookmark: _Toc210224505]6.2.3  Suggested Enhanced QoS support
Void
[bookmark: _Toc210224506]6.3	Experimental Evaluation #3: Live streaming
[bookmark: _Toc210224507]6.3.1  Description 
void
[bookmark: _Toc210224508]6.3.2  Evaluation
void
[bookmark: _Toc210224509]6.3.3  Suggested Enhanced QoS support
Void
[bookmark: _Toc210224510]6.4	Experimental Evaluation #4: Short Form video download
[bookmark: _Toc210224511]6.4.1  Description 
Void
[bookmark: _Toc210224512]6.4.2  Evaluation
Void
[bookmark: _Toc210224513]6.4.3  Suggested Enhanced QoS support
Void

[bookmark: _Toc210224514]6.5	Experimental Evaluation #5: Media upstream transmission for AI inferencing
[bookmark: _Toc210224515]6.5.1  Description 
void
[bookmark: _Toc210224516]6.5.2  Evaluation
void
[bookmark: _Toc210224517]6.5.3  Suggested Enhanced QoS support
void



[bookmark: _Toc210224518]7	Dynamic Traffic Characteristics and Enhanced QoS Support for media applications and services
Editors NOTE: this clause will document proposed solutions for characterizing dynamic traffic characteristics and enhanced QoS support and potentially new identified QoE metrics

7.1	Dynamic Traffic Characteristics
Editors NOTE: present for each case corresponding traffic characteristics

7.2	Enhanced QoS Usage
Editors NOTE: present for each case corresponding case suggested and solutions for enhanced QoS usage
7.3	Enhanced QoE Metrics
Editors NOTE: present enhanced QoE metrics if any




[bookmark: _Toc210224519]8	Analysis and recommendations
Editors NOTE: this clause will analysis and suggested recommendations for normative work

[bookmark: _Toc210224520]9	Conclusion
Editors NOTE: this clause will provide the conclusion
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