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Foreword

This Technical Report has been produced by the 3™ 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.
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1 Scope

The present document provides a study of stereoscopic 3D video services over 3GPP networks and terminals. Technical
definitions, use case descriptions, working assumptions, subjective tests results and technical studies are presented.

This document identifies the gaps within the Release 10 3GPP specifications in order to enable the implementation of
the mobile 3D video use cases.

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-3GPR,Specificatiops''.

[2] 3GPP TS 26.114: "IP multimedia subsystem (IMS); Multimedia telephony, Media handling and
interaction".

[3] 3GPP TS 26.234: "Transparent end-to-end packet switched streaming service (PSS); Protocols and
codecs".

[4] 3GPP TS 26.346: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs".

[5] 3GPP TS 26.247-"Transparent end-to-end-Packet-switched Streaming Service (PSS); Progressive
Downloadband ' Byhamic Adaptive Streaming over'HTTP (3GP-DASH)™.

[6] 3GPP TS 26.140: "Multimedia Messaging Service (MMS); Media formats and codecs".

[7] 3GPP TS 26.245: "Transparent end-to-end Packet-switched Streaming Service (PSS); Timed Text
Format".

[8] 3GPP TS 26.430: "Timed Graphics".

[9] 3GPP TR 26.904: "Improved Video Coding Support".

[10] IETF RFC 3261: "SIP: Session Initiation Protocol”.

[11] IETF REC 3264: "An Offer/Answer Model with the Session Description Protocol (SDP)".

[12] IETF draft draft-ietf-payload-rtp-mvc-01: "RTP Payload Format for MVC Video".

[13] IETF personal draft draft-greevenbosch-mmusic-sdp-3d-format-002: "Signal 3D format".

[14] ITU-R Recommendation BT 1788: "Methodology for the subjective assessment of video quality in
multimedia applications".

[15] 3GPP TS 26.244: "Transparent end-to-end packet switched streaming service (PSS); 3GPP file
format".

[16] ISO/IEC 14496-15: 2010: "Information technology — Coding of audio-visual objects — Part 15:

Advanced Video Coding (AVC) file format".
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[17] ISO/IEC 14496-12:2008/Amd2 | 15444-12:2008/Amd2: " Part 12: 1SO base media file format
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3 Definitions and abbreviations
3.1 Definitions

For the purposes of the present document, the terms and definitions 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].
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3.2 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].

AVC
DASH
HDMI
HTTP
IMS
IP
IPD
IR
LTE
MBMS
MPD
MTSI
MVC
PSS
RTP
SDP

Advanced Video Coding

Dynamic Adaptive Streaming over HTTP
High-Definition Multimedia Interface
Hypertext Transfer Protocol

IP Multimedia Subsystem

Internet Protocol

Interpupillary Distance

Infrared

Long Term Evolution

Multimedia Broadcast/Multicast Services
Media Presentation Description
Multimedia Telephony Services for IMS
Multiview Video Coding

Packet Switched Streaming Service

Real Time Protocol

Session Description Protocol
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4 General

4.1 Introduction

This Technical Report provides a study on mobile 3D stereoscopic video in 3GPP. Use cases and technical solutions are
investigated regarding a variety of setups using 3GPP's streaming, multicast/broadcast, download and progressive
download as well as conversational services. Clause 5 provides a definition of the stereoscopic 3D video technologies
and terminology as well as a video codecs performance comparison. Clauses 6 and 7 focus on use cases for which the
working assumptions and the operation points are defined before providing a technical analysis, whereas clause 8
provides a set of use cases in which further study is required so as to identify the gaps. Clause 9 introduces subjective
tests conducted on a 3D capable mobile terminal and clause 10 presents a generic approach for 3D content adaptation
depending on the client terminal charasteristics. The conclusion summarizes the recommended way forward for the
introduction of 3D stereoscopic video support in 3GPP specifications.

5 Technology description

5.1 Mobile 3D rendering technologies

5.1.1 Introduction

Stereoscopy is the method of combining two plane pictures in order to produce a depth perception by the human brain.
Each eye seeing a different angle of a scene, the’human-visual system -/with subjective assessments - is able to interpret
the depth information.

In the scope of the present document, this'section provides‘some.information on how the rendering technologies provide
the depth perception. These technologies are split into two categories; the glasses based systems and the glasses free
systems.

5.1.2 Glasses-free 3D video rendering technologies

5111 Parallax barrier

The parallax barrier consists in a grid placed over the screen. When electrically activated, this barrier prevents the eyes
of the user from viewing all the pixels of the display such as depicted in the figure 1. The resulting quality of experience
is half the resolution per view compared with the 2D mode (i.e. when the barrier is switched off).
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Figure 1: Parallax barrier

511.2 Lenticular lens sheet

This rendering technology is based on a lens sheet. It consists in a Series of vertical hemi-cylindrical lenses placed so as
to direct light in different viewing angles. When correctly placed, each eye can receive a different view from the other,
as shown on the figure 2.

Lenticular
lens . sheet
L
) ;
L Right
R

Sr

Left

Figure 2: Lenticular lens sheet

ETSI



3GPP TR 26.905 version 17.0.0 Release 17 12 ETSI TR 126 905 V17.0.0 (2022-05)

5.1.3 Glasses-based 3D video rendering technologies

5.1.3.1 Active-shutter glasses

The active-shutter glasses are synchronized with the 3D display (potentially with IR signal transmitted from the glasses
to the terminal) which displays alternatively the left and right views of a video. The figure 3 below illustrates such a
case.

Active shutter
glasses

LKLR .:>I — Left

~~ Right

Figure 3: Active shutter glasses

5.1.3.2 Passive glasses

Passive glasses use a polarized filter placed on both the screen and the glasses. For example, the current 3D displays can
interlace the left and right views in a single image on the screen whereas the filters on the glasses only allow the left eye
to see the odd lines (in red on figure 4)-and the right eye to seé ithe(even_lines of the screen (in green on figure 4). In this
case, image resolution is halved. if compared| to;active; systems butinew systems.such @s active retarder will attempt to
solve this problem.

Polarized
I glasses

| {-Right
— - Left

Figure 4: Passive polarized glasses
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5.1.4 Potential impacts on a 3D service implementation

Given the fact that the rendering technologies offer different levels of quality of experience such as the resolution per
view, the viewing angles... a service may benefit from adapting the provided 3D video format to the rendering
technology in use. In this case appropriate signalling is necessary to either describe the different formats such that the
client can select/request the format or the appropriate signalling of the rendering technology is important such that the
server can select or annotate the appropriate format.

Depending on the service, these formats may have to be mapped to the different signalling frameworks in which the 3D
video is offered, e.g. MPD in 3GP-DASH, SDP for MTSI and PSS, etc.

5.2 Stereoscopic 3D frame packing formats

5.2.1 Frame-compatible packing formats

The frame-compatible packing format consists in sub-sampling the two views which compose a stereoscopic 3D video
and pack them together in order to produce a video signal compatible with a 2D frame infrastructure.

In a typical operation mode, the spatial resolution of the original frames of each view and the packaged single frame,
have the same resolution. The spatial packing arrangement may use a side-by-side, top-bottom, interleaved, or
checkerboard format as illustrated in figure 5 and the down-sampling process should be performed accordingly.

In most commercial deployments only side-by-side or top-bottom frame packing arrangements are applied.
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Figure 5: Spatial frame packing formats
5.2.2 Full resolution per view packing formats
In order to avoid the lack of definition introduced by the frame-compatible packing formats, it is possible to transmit
both views at full resolution. In this case, the amount of data is twice as much as the frame compatible packing formats.

Although the spatial packing format can be used in order to generate a twice bigger image, the most common format is
the frame packing for which the left and right views are temporally interleaved such as shown on the figure 6 below.

Figure 6: Temporal interleave packing format
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