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[bookmark: foreword][bookmark: _Toc12719][bookmark: _Toc211][bookmark: _Toc21461]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: _Toc30291][bookmark: _Toc26213][bookmark: _Toc20116]Introduction
In recent years, video services are evolving from traditional two-dimensional formats to beyond 2D video, which offer users a more lifelike and immersive experience. Research indicates that the beyond 2D market was valued at approximately multi-million USD in 2023 and is anticipated to register a CAGR (Compound Annual Growth Rate) of over 24.5% between 2024 and 2032. 
A variety of beyond 2D video formats and video compression technologies are available and under investigated. Therefore, in order to determine appropriate beyond 2D video formats for different services, it is essential to evaluate their feasibility and performance, considering implementation constraints, performance indicators, and interoperability considerations. In addition, advanced network capabilities and service extension also need to be investigated to meet the delay and data rate requirements of beyond 2D-related services.
This document provides an overview of available and emerging beyond 2D video formats and compression technologies, which are mostly related to specific types of capturing systems and display technologies; establishes a set of end-to-end reference scenarios and workflows for beyond 2D video; analyzes 3GPP-defined video compression technologies and potential new technologies to support each documented scenario; identifies gaps and offer recommendations to potentially extend 3GPP video specifications and capabilities.
[bookmark: scope][bookmark: _Toc3870][bookmark: _Toc12462][bookmark: _Toc21398]
1	Scope 
The present document collects beyond 2D video formats within 3GPP services, as well as a set of beyond 2D video end-to-end reference scenarios and corresponding workflows. It also documents (i) interoperability requirements, (ii) traffic characteristics and (iii) potential QoS optimizations or requirements of existing 3GPP codecs as well as potentially new codecs to support the scenarios. The primary scope of the present document includes the following aspects:
· [bookmark: _Hlk29546021]Identify and document beyond 2D formats, that are market-relevant within the next years, generated from established and emerging capturing systems (including cameras for spatial video capturing), contribution, and usable on display technologies (smartphones, VR HMDs, AR glasses, autostereoscopic and multiscopic displays).
· Establish and document a set of beyond 2D video end-to-end reference scenarios, including real-time communication, streaming services, split rendering, and messaging and corresponding workflows (capturing, encoding, packaging, delivery, decoding, rendering, including general constraints on latency, as well as complexity) to support 3GPP network related delivery and devices leveraging the generation or display technologies. This includes identifying and defining relevant beyond 2D formats in the context of above workflows, and representation technologies to support delivery of these formats within 3GPP networks. 
· Prioritize the scenarios and the associated formats based on market relevance for further evaluation.
· Define concrete evaluation framework per scenario (test conditions, KPIs, Metrics, test sequences, agreed reference signals) based on the above prioritized reference scenarios, and evaluate the feasibility and performance of existing 3GPP codecs as well as potentially new codecs to support the scenarios.
· Based on the findings in steps 1, 2, and 4 document (i) interoperability requirements, (ii) traffic characteristics and (iii) potential QoS optimizations or requirements, to support the above workflows and evaluate the feasibility of new formats with different services, considering the implementation constraints and performance indicators such as encoding, decoding, and rendering complexity, bandwidth utilization, and interoperability considerations.
· Based on the findings in steps 1, 2, 4 and 5, identify potential gaps or deficiencies of existing 3GPP codecs, and offer recommendations to potentially extend 3GPP video specifications and capabilities.
· Identify potential areas for normative work as the next phase and communicate with other 3GPP WGs regarding relevant aspects related to the study to the extent needed.
[bookmark: references][bookmark: _Toc21765][bookmark: _Toc3396][bookmark: _Toc26120]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TR 26.928: "Extended Reality over 5G".
[3]	3GPP TR 26.998: "Support of 5G glass-type Augmented Reality / Mixed Reality (AR/MR) devices".
[4]	3GPP TS 26.119: "Media Capabilities for Augmented Reality".


[bookmark: definitions][bookmark: _Toc3784][bookmark: _Toc32741][bookmark: _Toc15640]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc7879][bookmark: _Toc9589][bookmark: _Toc6396]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc28159][bookmark: _Toc24804][bookmark: _Toc16087]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc32532][bookmark: _Toc3120][bookmark: _Toc22897]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc8131][bookmark: _Toc5614][bookmark: _Toc27492]4	Beyond 2D Video in 3GPP Services
[bookmark: _Toc6161][bookmark: _Toc9608][bookmark: _Toc14847]4.1	Introduction
Editor’s note:	This clause documents beyond 2D video formats that are market-relevant within the next years. The work is expected to build upon and extend the findings documented in TR 26.928, TR 26.998 and TS 26.119.
4. [bookmark: _Toc29167][bookmark: _Toc7520][bookmark: _Toc4899]x	<Title for a Beyond 2D Video format>
Editor’s note:	For each documented beyond 2D video formats, the following aspects may be provided.
[bookmark: _Toc43906753][bookmark: _Toc54968098][bookmark: _Toc43906637][bookmark: _Toc30694615][bookmark: _Toc57532425][bookmark: _Toc54930293][bookmark: _Toc57236420][bookmark: _Toc26431219][bookmark: _Toc44311879][bookmark: _Toc57530224][bookmark: _Toc148416543][bookmark: _Toc57236583][bookmark: _Toc26386413][bookmark: _Toc50536521][bookmark: _Toc22024][bookmark: _Toc23758][bookmark: _Toc12274]4.x.1	Definition
[bookmark: _Toc32719][bookmark: _Toc21655][bookmark: _Toc26243]4.x.2 	Production and Capturing System
[bookmark: _Toc7827][bookmark: _Toc29875][bookmark: _Toc104]4.x.3 	Rendering
[bookmark: _Toc23944][bookmark: _Toc22842][bookmark: _Toc26988]4.x.4 	Compression, storage and data formats
[bookmark: _Toc21203][bookmark: _Toc30493][bookmark: _Toc32094]4.x.5 	Display Devices

[bookmark: _Toc24437][bookmark: _Toc3997][bookmark: _Toc2520]5	Test Conditions and Evaluation Framework
[bookmark: _Toc16175][bookmark: _Toc7642][bookmark: _Toc11181]5.1	Introduction
Editor’s note:	This clause defines test conditions and parameters, KPIs, Metrics, test sequences, agreed reference signals.
[bookmark: _Toc30799][bookmark: _Toc19415][bookmark: _Toc6800]5.2	Test Sequences
[bookmark: _Toc29746][bookmark: _Toc11324][bookmark: _Toc4660]5.3	Key Performance Indicators and Metrics
[bookmark: _Toc14903][bookmark: _Toc23062][bookmark: _Toc11939]5.4	Reference Software Tools


[bookmark: _Toc26824][bookmark: _Toc22683][bookmark: _Toc17139]6	Relevant Scenarios
[bookmark: _Toc13146][bookmark: _Toc8189][bookmark: _Toc4643]6.1	Introduction
Editor’s note:	This clause collects end-to-end scenarios and corresponding workflows for beyond 2D video, based on the template defined in Annex A. 	Alignment with the generalized media delivery architecture defined in TS 26.501/506 is expected, primarily addressing reference points M2 and M4. 
[bookmark: _Toc5269][bookmark: _Toc4637][bookmark: _Toc30312]6.2	Scenario 1: <tbd>
[bookmark: _Toc27180][bookmark: _Toc19773][bookmark: _Toc3204]6.3	Scenario 2: <tbd>
[bookmark: _Toc4718][bookmark: _Toc8957][bookmark: _Toc21629]6.4	Scenario 3: <tbd>


[bookmark: _Toc3964][bookmark: _Toc12405][bookmark: _Toc7675]7	Characterization Framework

[bookmark: _Toc12186][bookmark: _Toc358][bookmark: _Toc32541]8	Gaps and Optimization Potential
[bookmark: _Toc16029][bookmark: _Toc25362][bookmark: _Toc11504]8.1	Identified Gaps and Deficiencies with Existing Codecs
[bookmark: _Toc12361][bookmark: _Toc8348][bookmark: _Toc9089]8.2	Potential Requirements for New Codecs
[bookmark: _Toc26220]8.3 	In-Network Optimizations


[bookmark: _Toc11646][bookmark: _Toc22318][bookmark: _Toc13141]9	Conclusions and Proposed Next Steps
Editor’s note:	This clause provides conclusion and potential areas for normative work as the next phase.

[bookmark: tsgNames][bookmark: _Toc20419]Annex A
Scenario Template
[bookmark: _Toc14439]
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