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1. Introduction
MPEG has been working on Omnidirectional Media Application Format (OMAF) with significant progress during the last MPEG meeting #119 in Torino. The latest version is documented in the Study of Draft International Standard (DIS) output document ISO/IEC SC29/WG11 N16950 [1]. The specification of the OMAF profiles in the Study of DIS were reproduced in a publicly available document [2].
OMAF Study of DIS currently includes two media profiles for video:
· HEVC viewport independent baseline media profile
· HEVC viewport dependent baseline media profile
Test vectors conforming to the HEVC viewport-dependent baseline media profile were also provided at the MPEG#119 meeting in Torino [3].
Finalization of the Final DIS (FDIS) is expected at the upcoming MPEG#120 in Macau (October 21-27 2017).
On September 13 2017, the VR Industry Forum (VRIF) published their first draft guidelines for storage and distribution of 360 degrees content. The first draft includes guidelines for the HEVC viewport independent baseline media profile and the HEVC viewport dependent baseline media profile using HEVC tiles. The draft guidelines can be downloaded from [4]. The final version of the guidelines is expected to be finalized by January 2018 and to be published during CES 2018.
In the following, we provide the technical motivations behind the HEVC viewport dependent baseline media profile and explain the different possibilities and the tiling mechanisms in ISO Base Media File Format (ISOBMFF) enabling this profile for inclusion in the TS 26.118.

2. MPEG OMAF - HEVC viewport dependent baseline media profile
Motivation
The current version of OMAF only 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. For a description of the tiled stream approach, please refer to Section 4.2.5.6.4 of TR 26.918 [5].
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 [6] gains up to 30% BD-Rate were reported when using tiling with ERP compared to non-tiled ERP. In TR 26.918 [5] 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[footnoteRef:1] 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 [5]. Figure 1 illustrates region-wise packing (RWP) for equirectangular and cubemap projections. [1:  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.] 

· 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. 




[image: ]
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: ]
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 [7]. For an example showing the usage of extractors, please refer to [9].

The HEVC viewport dependent baseline profile is based on explicit reconstruction, i.e. using extractors as defined in ISOBMFF-Part 15 [8]. 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. [image: ]
Figure 3.  Illustration of how mixed resolution ERP can be encapsulated using MCTS.


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. 

[image: ]
Figure 4. Two resolution CMP using a tiling of 2x2 MCTS per cube face.


As illustrated in Figure 4, two users watching different viewports can request those tile sets in different configurations, for instance as follows:
[image: ]
Figure 5. Mixed resolutions CMP for different viewport VP1 and VP2.


Conclusion and proposal
HEVC viewport-dependent baseline media profile, which consists of two configuration options (see 2-A and 2-B), provides better visual quality than viewport-independent baseline media profile by supporting full panorama resolutions beyond 4K and allows also to save streaming bandwidth, which is an important resource for operators.
Extensions to 3GP file format, PSS, DASH and MBMS specifications are necessary to enable the HEVC viewport-dependent baseline media profile in 3GPP.
We propose the addition of a section on “HEVC Viewport dependent baseline media profile” under a section for media profiles in the new TS 26.118, which incorporates the text in section 2 of this contribution.
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