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Foreword

This Technical Specification 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.

Introduction

1
Scope

The present document …

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]
w16059, Study of ISO/IEC DIS 23000-20 Omnidirectional Media Format, July 2017, Turin.

[1] [3]
ISO/IEC 14496-15:2017, “Information technology -- Coding of audio-visual objects -- Part 15: Carriage of network abstraction layer (NAL) unit structured video in the ISO base media file format”.
[2] [4]
3GPP TR 26.918: "Virtual Reality (VR) media services over 3GPP", Release 15.
[5]

w17045, Study text of ISO/IEC 23008-2:201x/DAM3 Additional supplemental enhancement information, July 2017, Turin.

3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions 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].
example: text used to clarify abstract rules by applying them literally.

3.2
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].
4
VR Profiles
4.1
Video profiles

4.1.x    
OMAF HEVC Viewport-independent baseline media profile
4.1.x    
OMAF HEVC Viewport-dependent baseline media profile

4.1.x.x    Motivation [informative]
The current version of OMAF [2] supports video up to a conformance point of HEVC Main 10 profile, Main tier, Level 5.1, which corresponds to a video resolution of 4K at 60 fps. With a viewport agnostic streaming approach (i.e., streaming the complete sphere with a single video bitstream), for example applying the OMAF HEVC viewport independent baseline media profile, for the Equi-rectangular Projection (ERP) at such a resolution, a viewport covering 90°x90° on the client side would have a resolution of roughly 1Kx1K per eye. Such a resolution is not enough to provide a sufficiently good quality of experience for 360° video, even when consumed using currently available Head Mounted Displays (HMDs), e.g., based on the Samsung Galaxy S8 that already provides roughly 1.5Kx1.5K per eye/viewport. 
When using the HEVC viewport dependent baseline media profile, it is possible to provide a higher resolution for the viewport. For instance, by means of tile streaming, it is feasible to offer the 360° video divided into tiles and at different resolutions. Thus, by combining tiles at different resolutions, a bitstream conforming to HEVC Main 10 profile, Main tier, Level 5.1 can be delivered to the end device with the viewport at a resolution significantly higher than 1Kx1K in a viewport-dependent fashion.
In addition to allowing higher resolutions in the viewport, it is worth noting that substantial coding efficiency gains were reported for tiled streaming over regular ERP. In TR 26.918 [4] subjective assessment results of viewport adaptive streaming were reported, showing >40% streaming bit rate saving.

In the following, two approaches enabled by the HEVC viewport dependent baseline media profile are presented: namely the multi-stream approach and the tiled-based approach.

A) Multi-stream approach

Viewport dependent streams can be offered by generating multiple rendered streams covering the 360° video using a projection/mapping with a preferred direction:
· Preparation of viewport-dependent streams relies on server-side viewport-dependent rendering. The server can define regions by using region-wise packing
 and downscale region not lying within the desired viewport while keeping the original resolution for the regions that match the desired viewport. Region-wise packing includes operations such as transformation, resizing and relocation of regions of a picture to map to projected regions of a projected picture [4]. Figure 1 illustrates region-wise packing (RWP) for equirectangular and cubemap projections.

· Full resolution encodings need to be done for each of the possible viewports (e.g., multiple of 4K resolution for HEVC Level 5.1 devices). 

Note that the HEVC viewport dependent baseline media profile supports ERP and Cubemap (CMP) as projection formats and for each of them, rectangular regions can be defined using region-wise packing in order to provide unequal resolutions for different viewing directions. 
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Figure 1. Illustration of region-wise packing (RWP) for equi-rectangular (top) and cubemap projection (bottom).
B) HEVC tile-based approach

Another possible option is to make use of HEVC tiles. This approach provides some benefits over the multi-stream approach. One benefit is reduced storage and computation requirements on the playout side, since the number of parallel encodings on the server side is significantly reduced compared to the multi-stream approach (e.g. usually two encodings, one full resolution encoding and one encoding with reduced resolution). Furthermore, the use of HEVC tiles is beneficial for local playback, since the tile-based approach requires significantly less data to be downloaded (e.g., multiple complete versions of the 4K resolution representation at HEVC Level 5.1 would be required to be downloaded for the multi-stream approach) to the HMD before playout. Similar arguments apply for broadcast scenarios, where the multi-stream approach puts a heavy burden on the transmission rate.
Figure 2 illustrates a simple 1-dimensional tiling configuration example in ERP, where each tile covers a 60°x180° subsection of the entire projected picture.
[image: image4.emf]60° per tile

08T









360°

60°per	tile

1

8

0

°

1										2									3										4										5										6


Figure 2. Exemplary 1-dimensional tiling of 360° video in ERP.
Assuming that the full resolution video is accompanied by a 1:2 downsampled half resolution version with aligned tiling, Figure 3 demonstrates a mixed-resolution ERP encapsulation in ISOBMFF using subpicture tracks (carrying individual Motion Constraint Tile Sets (MCTS) with sample entry ‘hvc1’, i.e. tiles that do not reference data from other tiles at any picture). Note that the MCTS tiles in the figure are converted into HEVC conforming bitstreams by following the MCTS sub-bitstream extraction processes as defined in [5].
[image: image7.png]* Region-wise Packing Box

* Projected Omnidirection Video Box

Subsample encryption according to ISO/IEC 23001-7
MCTS (circles) -> subpicture tracks

-Single ISOBMFF File
-Single HEVC Bitstream

* ISOBMFF-15 2 options:
* Implicit reconstruction
* Explicit reconstruction (Extractors)



The HEVC viewport dependent baseline profile is based on explicit reconstruction, i.e. using extractors as defined in ISOBMFF-Part 15 [3]. Such an approach guarantees bitstream conformance in the first place. By that, NAL units of different tracks can be aggregated in order to achieve the configuration shown in Figure 2. 
Figure 4 shows a 360° video using CMP divided into 2x2 tiles (MCTS) per cube face, which accounts to 24 tiles in total. The 360° video is offered in two resolutions with a ratio of 1:2. 
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As illustrated in Figure 4, two users watching different viewports can request those tile sets in different configurations, for instance as follows:
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Figure 5. Mixed resolutions CMP for different viewport VP1 and VP2.
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Figure � SEQ Figure \* ARABIC �3�.  Illustration of how mixed resolution ERP can be encapsulated using MCTS.
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Figure � SEQ Figure \* ARABIC �4�. Two resolution CMP using a tiling of 2x2 MCTS per cube face.











� Region-wise packing refers to metadata specified and used by MPEG OMAF. In MPEG OMAF, Region-wise packing is defined as “transformation, resizing, and relocating of packed regions of a packed picture to remap to projected regions of a projected picture”. MPEG OMAF allows signaling of Region-wise packing metadata either in ISOBMFF using the Region-wise packing box or within the video elementary stream by using the Region-wise packing SEI message.
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