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1. Introduction

During SA4#94 the New Work Item “3GPP Virtual Reality Profiles for Streaming Media (VRStream)” in S4-170751 was agreed and afterwards approved in by SA plenary #77 in SP-170612.
	The objective of this work item is to define the relevant media and protocol enablers for the set of VR Streaming use cases related to UE consumption of managed and third-party VR content as documented in TR26.918. Specifically, the following topics are addressed:
1. Define the necessary presentation and media profile(s) to address the objectives of the use cases on VR Streaming in TR 26.918, clauses 5.3 and 5.4, taking into account the recommended assumptions and conclusions in TR 26.918.

2. Define the enablers for PSS-based download and streaming of a 3GPP VR Presentation
3. Define the enablers for MBMS streaming and MBMS-based download delivery of a 3GPP VR Presentation
4. Provide suitable optional extensions (such as metadata) to support an improved VR experience,
5. Document content generation and content consumption guidelines, taking into account a reference client architecture that provides: (a) the signalling and processing steps for download delivery, (b) PSS delivery, (c) interfaces between the VR service platform, the VR application (e.g. sensors), and the VR rendering system (displays, GPU, loudspeakers).
There is a preference for solutions that enable harmonization with broader industry consensus, such as MPEG or VR-IF.



This contribution addresses the highlighted objectives and tasks of the VRStream objectives and timeplan. It contains
· an overview of the current standardization status for media profiles
· proposed media profiles for inclusion in TS 26.118 for support of the operation points in S4-180459.

2. Standardization status of media profiles for videos
MPEG OMAF has reached FDIS status after MPEG#120 in October in Macau [2]. The OMAF FDIS contains three media profiles for video (s. Table 1).
	Media Profile
	Codec
	Profile
	Level

	HEVC-based viewport-independent OMAF video profile
	HEVC
	Main 10
	5.1

	HEVC-based viewport-dependent OMAF video profile
	HEVC
	Main 10
	5.1

	AVC-based viewport-dependent OMAF video profile
	AVC
	Progressive High
	5.1


Table 1: Overview of OMAF media profiles for video
VR-IF adopted the MPEG HEVC-based viewport-independent OMAF video profile and the MPEG HEVC-based viewport-dependent OMAF video profile in its recently published draft guidelines [3] with detailed instructions for usage.
The HEVC-based viewport-dependent OMAF video profile has been implemented by independent parties such as Fraunhofer [4] and Nokia [5]. Similar concepts are implemented in proprietary systems on the market from Tiledmedia [6], Harmonic [7] and Bitmovin [8], and the benefits have been demonstrated at several trade-fairs with a multitude of partners [9][10].
Reference software [11] and test vectors [12] are available for the HEVC-based viewport-dependent OMAF video profile. Further software for testing and evaluation is under development in MPEG and VR-IF.
In 3GPP SA4, the HEVC-based viewport-dependent OMAF video profile has been thoroughly discussed in several contributions [13, 14] during the study item FS_VR as documented in the candidate solutions section (Clause 9.2.3) in TR 26.918 and during the work item VRStream [15][16][17].
3. Proposed approach for selection of media profiles
The VRStream WID states:
	There is a preference for solutions that enable harmonization with broader industry consensus, such as MPEG or VR-IF



The OMAF video profiles are the only available international standard for VR video distribution and storage. The OMAF video profiles were developed in MPEG during a two years intensive specification process with a broad support from industry. Furthermore, VR-IF is using the OMAF video profiles as the only media profiles.
In order to achieve harmonization of the solution defined in SA4 with MPEG and VR-IF, we propose to follow a similar approach as usually done with MPEG Video codecs. Which means:
1. take the OMAF media profiles as a basis for discussion
2. check if OMAF media profiles provide the required functionality for achievement of VRStream work
3. Further constrain the OMAF media profiles according to the additional constraints considered for video operation points.
4. the primary target of the media profile selection in SA4 shall be to maintain compatibility with MPEG OMAF.
The reasoning is the following:
· generate common interoperability points for VR media formats to maximize interoperability between VR devices
· avoid competing standards in a highly sensitive market and business situation
· rely on well-defined media profile specifications
· enable 3GPP VR services at a competitive video quality/bitrate compared to existing standards and proprietary solutions in the market
4. Mapping of operation points to media profiles
The contribution S4-180459 proposes the following video operation points for TS 26.118:
	Operation Point name
	Decoder
	Bit depth
	Colour space format
	Transfer
Characteristics
	Projection
	Rotation
	Director’s Cut
	RWP
	Stereo

	H.264/AVC vanilla

	H.264/AVC HP@L5.1
	8
	BT.709 
	BT.709
	ERP
	No
	No
	Restricted (Coverage)
	No

	H.264/AVC banana-split

	H.264/AVC HP@L5.2
	8
	BT.709
	BT.709
	ERP
	No
	No
	Full
	TaB


	H.265/HEVC chocolate

	H.265/HEVC
MP10@L5.1
	8, 10
	BT.709 
BT.2020 
	BT.709, 
BT.2100 PQ
	ERP
	No
	No
	Restricted
(Coverage)
	No

	H.265/HEVC
Mono

	H.265/HEVC
MP10@L5.1
	8, 10
	BT.709 
BT.2020 
	BT.709, 
BT.2100 PQ
	ERP
CMP
	Yes
	Yes
	Full
	No

	H.265/HEVC
Stracciatella 

	H.265/HEVC
MP10@L5.1
	8, 10
	BT.709 
BT.2020 
	BT.709, 
BT.2100 PQ
	ERP
CMP
	Yes
	Yes
	Full
	TaB
SbS
Temp


Table 2: Video operation points as described in S4-180459
Table 1 lists the video profiles as specified in MPEG OMAF. Table 2 summarizes the operation points from S4-180459. Based on the available media profiles in MPEG OMAF, Table 3 tries to map these operation points to the required OMAF media profile capabilities. 
	Operation Point name
	Matching OMAF profile
	Additional constraints

	H.264/AVC vanilla
	AVC-based viewport-dependent OMAF video profile
	Rotation and Stereo not allowed
RWPK Constraint

	H.264/AVC banana-split
	AVC-based viewport-dependent OMAF video profile
	Rotation not allowed
Stereo only TaB

	H.265/HEVC chocolate
	[bookmark: _Ref490865364]HEVC-based viewport-independent OMAF video profile
	Rotation and Stereo not allowed

	H.265/HEVC mono
	HEVC-based viewport-dependent OMAF video profile
	Rotation and Stereo not allowed

	H.265/HEVC stracciatella 
	[bookmark: _Ref489210167]HEVC-based viewport-dependent OMAF video profile
	Identical


Table 3: Operation points and OMAF profiles
We propose to start discussion based on the media profiles identified in Table 3 and check if they provide the all capabilities for support of the target functionality in SA4 VRStream.
Note: Based on the outcome of the operation point discussion, further operation points can be added and Table 2 and Table 3 need to be updated accordingly.
Section 7-11 provides a copy&paste in the form of pCR of the OMAF media profiles listed in Table 3 as basis for discussion with the necessary additional constraints that match the operation points.
5. Proposal
We propose to agree on the media selection process in Section 3 and propose the identified media profiles in Section 4 together with the specification text adapted from OMAF as in Sections 7-11. 
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7. pCR to TS 26.118 based on HEVC-based viewport-independent OMAF video profile
================== CHANGE 1 ========================
5.2.1	HEVC Viewport-Independentchocolate Video Media Profile
5.2.1.1	General (informative)
Monoscopic spherical video up to 360 degrees is supported. The profile requires neither viewport-dependent delivery nor viewport-dependent decoding. Regular HEVC encoders, DASH packagers, DASH clients, file format parsers, and HEVC decoder engines that do not need special features for handling of viewport-dependent delivery and decoding could be used for encoding, distribution and decoding. The profile also minimizes the options for basic interoperability.
5.2.1.2	Elementary Stream Constraints
The elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as specified in clause 5.2.1.5.
The bitstream shall comply with HEVC Main 10 profile, Main tier, Level 5.1.
All pictures shall be encoded as coded frames, and shall not be encoded as coded fields.
All the active SPSs of the bitstream shall be constrained as follows:
· general_progressive_source_flag shall be equal to 1.
· general_frame_only_constraint_flag shall be equal to 1.
· general_interlaced_source_flag shall be equal to 0.
When VUI is present, aspect_ratio_idc should not be present or aspect_ratio_idc should be equal to 0 (unspecified) or 1 (square).
NOTE: 	When aspect_ratio_idc is not present, ISO/IEC 23008-2 specifies that aspect_ratio_idc is inferred to be equal to 0.
For each picture, there shall be an equirectangular projection SEI message present in the bitstream that applies to the picture.
No frame packing arrangement SEI message shall be 
· 
· 
· 
· 
present in the bitstream.
No sphere rotation SEI message shall be present in the bitstream.
When the video does not cover the entire sphere, for each picture, there shall be a region-wise packing SEI message present in the bitstream that applies to the picture.
When present, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangular projected video scheme type 'erpv' which are:
· The value of NumRegions shall be equal to HorDiv1 * VerDiv1.
· For each value of i in the range of 0 to NumRegions − 1, inclusive, the following applies:
· The value of PackingType[i] shall be equal to 0.
· The value of TransformType[i] shall be equal to 0.
· The value of PackedRegWidth[i] shall be equal to ProjRegWidth[i].
· The value of PackedRegHeight[i] shall be equal to ProjRegHeight[i].

[bookmark: _Ref497311334]5.2.1.3 SEI message related ISO Base Media File Format constraints
This clause specifies ISOBMFF constraints depending on the presence of omnidirectional video SEI messages of HEVC. This clause is applicable to both the HEVC chocolate video profile and the HEVC stracciatella video profile as specified subsequently.
The following constraints apply for each picture in the bitstream:
· When the bitstream contains an equirectangular projection SEI message applying to the picture, ProjectionFormatBox with projection_type equal to 0 shall be present in the sample entry applying to the sample containing the picture.
· When the bitstream contains a cubemap projection SEI message applying to the picture, ProjectionFormatBox with projection_type equal to 1 shall be present in the sample entry applying to the sample containing the picture.
· When the bitstream contains an equirectangular projection SEI message with erp_padding_flag equal to 1 applying to the picture, RegionWisePackingBox shall be present in the sample entry applying to the sample containing the picture and shall signal the same information as indicated with the values of gb_erp_type, left_gb_erp_width, and right_gb_erp_width syntax elements of the equirectangular projection SEI message, i.e., the following applies:
· Let horFact be equal to packed_picture_width / width, where width is the syntax element of the VisualSampleEntry containing the RegionWisePackingBox, and let gbWidth be equal to left_gb_erp_width + right_gb_erp_width.
· If SpatiallyPackedStereoFlag is equal to 1, constituent_picture_matching_flag shall be equal to 1. Otherwise, the value of constituent_picture_matching_flag shall be equal to 0.
· The value of proj_picture_height shall be equal to packed_picture_height.
· If SideBySideFlag is equal to 1, proj_picture_width shall be equal to packed_picture_width − horFact * 2 * gbWidth. Otherwise, proj_picture_width shall be equal to packed_picture_width − horFact * gbWidth.
· num_regions shall be equal to 1.
· guard_band_flag[0] shall be equal to 1.
· packing_type[0] shall be equal equal to 0.
· proj_reg_width[0] shall be equal equal to proj_picture_width / HorDiv1.
· proj_reg_height[0] shall be equal equal to proj_picture_height / VerDiv1.
· proj_reg_top[0] shall be equal to 0.
· proj_reg_left[0] shall be equal to 0.
· transform_type[0] shall be equal to 0.
· packed_reg_width[0] shall be equal to proj_picture_width / HorDiv1.
· packed_reg_height[0] shall be equal to proj_picture_height / VerDiv1.
· packed_reg_top[0] shall be equal to 0.
· packed_reg_left[0] shall be equal equal to left_gb_erp_width * HorFact.
· left_gb_width[0] shall be equal to left_gb_erp_width * HorFact.
· right_gb_width[0] shall be equal to right_gb_erp_width * HorFact.
· top_gb_height[0] shall be equal to 0.
· bottom_gb_height[0] shall be equal to 0.
NOTE: 	When a file writer has no information whether sample values of the guard bands are used in the inter prediction process, gb_not_used_for_pred_flag[0] ought to be set equal to 0.
· gb_type[0][j] shall be equal to gb_erp_type for each value of j in the range of 0 to 3, inclusive.
· When the bitstream contains a frame packing arrangement SEI message applying to the picture, StereoVideoBox shall be present in the sample entry applying to the sample containing the picture. When StereoVideoBox is present, it shall signal the frame packing format that is included in the frame packing arrangement SEI message(s) in the elementary stream.
· When the bitstream contains a region-wise packing SEI message applying to the picture, RegionWisePackingBox shall be present in the sample entry applying to the sample containing the picture. When present, RegionWisePackingBox shall signal the same information as in the region-wise packing SEI message(s).
5.2.1.4	ISO Base Media File Format constraints
When a track is the only track in a file, compatible_brands containing a brand equal to 'hevi' in FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible_brands containing a brand equal to 'hevi' in FileTypeBox indicates that at least one of the tracks conforms to this media profile.
compatible_brands containing a brand equal to 'hevi' in TrackTypeBox indicates that the track conforms to this media profile.
NOTE: Consider adding a brand for 3GPP that indicates there are additional constraints to 'hevi' 
A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBox and TrackTypeBox.
At least one sample entry type of each sample entry of the track shall be equal to 'resv'.
NOTE 1: 	'resv' does not have to be the track sample entry type when the track has undergone several transformations. Consequently, this media profile could also be used when the track is protected.
The scheme_type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv' and 'erpv'.
The untransformed sample entry type, as derived in clause 7.1.7 in [3], shall be equal to 'hvc1'.
NOTE 2: 	Consequently, parameter sets are not present inband within samples.
LHEVCConfigurationBox shall not be present in VisualSampleEntry.
HEVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream constraints specified in clause 5.2.1.2.
RotationBox shall not be present in ProjectedOmniVideoBox.
StereoVideoBox shall not be present in ProjectedOmniVideoBox.
The constraints specified in clause 5.2.1.3 apply to the track conforming to this media profile, where the bitstream based on which the constraints are derived is reconstructed from the track as specified in clause 10.1.2.5.
When the playback is intended to be started using another viewing orientation than that indicated by (centre_azimuth, centre_elevation, centre_tilt) equal to (0, 0, 0) relative to the global coordinate axes, the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], shall be present.
5.2.1.5	File decoding process
The inputs to the file decoding process are
· the track_ID value of the track conforming to this media profile, and
· a file containing at least the track.
An HEVC bitstream is reconstructed from the track with the given track_ID value as specified in clause 8 of ISO/IEC 14496-15.
The HEVC bitstream shall conform to the elementary stream constraints specified in clause 5.2.1.2.
The HEVC bitstream is decoded as specified in clause 8.1.1 of ISO/IEC 23008-2. The outputs of this process are the same as the outputs of clause 8.1.1 of ISO/IEC 23008-2. Additionally, for each decoded picture, this process outputs ProjectionFormatBox, , RegionWisePackingBox (when applicable) that provide the input for the semantics of sample locations within the decoded picture as specified in clause 7.3.1 in [3].
5.2.1.6	Expected player operation (informative)
Players conforming to this media profile are expected to process either all referenced SEI messages in clause 5.2.1.2 or all allowed boxes within the SchemeInformationBox for the equirectangular projected video scheme type as specified in 7.4.1.3 in [3] with exception of RotationBox and StereoVideoBox.
When playing a file and when the file contains the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], players are expected to parse the initial viewing orientation metadata track associated with a media track and obey it when rendering the media track.
When receiving and playing a DASH presentation and a Representation containing initial viewing orientation metadata, as specified in clause 7.5.4 in [3], is present and associated with a media Representation selected for playing, as specified in clause 8.2.3 in [3], players are expected to receive and parse the initial viewing orientation metadata Representation and obey it when rendering the media Representation.

================== END OF CHANGE 1 ========================
8. pCR to TS 26.118 based on HEVC-based viewport-dependent OMAF video profile
================== CHANGE 2 ========================
5.2.2	HEVC Mono Video Media Profile
5.2.2.1	General (informative)
This profile allows unconstrained use of rectangular region-wise packing and monoscopic spherical video up to 360 degrees are supported. With the presence of region-wise packing, the resolution or quality of the omnidirectional video could be emphasized in certain regions, e.g., according to the user's viewing orientation. In addition, the untransformed sample entry type 'hvc2' is allowed, making it possible to use extractors and get a conforming HEVC bitstream when tile-based streaming is used.

5.2.2.2	Elementary Stream Constraints
The elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as specified in clause 5.2.2.4.
The HEVC bitstream shall comply with the same constraints as the HEVC chocolate video profile, with the following exceptions:
· For each picture, there shall be either an equirectangular projection SEI message or a cubemap projection SEI message present in the bitstream that applies to the picture.
· No Frame packing arrangement SEI message shall be present in the bitstream.
· No sphere rotation SEI message shall be present in the bitstream.
· When present, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangular projected video scheme type 'erpv' as indicated in 5.2.1.2 or the packed equirectangular or cubemap projected video scheme type 'ercm', packing_type[i] for each value of i shall be equal to 0.
5.2.2.3	ISO Base Media File Format constraints
When a track is the only track in a file, compatible_brands containing a brand equal to 'hevd' in FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible_brands containing a brand equal to 'hevd' in FileTypeBox indicates that at least one of the tracks conforms to this media profile.
compatible_brands containing a brand equal to 'hevd' in TrackTypeBox indicates that the track conforms to this media profile.
NOTE: Consider adding a brand for 3GPP that indicates there are additional constraints to 'hevd'(see frame packing arrangement SEI message) 
A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBox and TrackTypeBox.
At least one sample entry type of each sample entry of the track shall be equal to 'resv'.
NOTE: 	'resv' does not have to be the track sample entry type, when the track has undergone several transformations. Consequently, this media profile could also be used when the track is protected.
The scheme_type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv' and at least one of 'erpv' and 'ercm'.
The untransformed sample entry type, as derived in clause 7.1.7 in [3], shall be equal to 'hvc1' or 'hvc2'. 
When the untransformed sample entry type is 'hvc2', the track shall include one or more 'scal' track references. The referred tracks shall conform to the HEVC-based viewport-independent OMAF video profile or the HEVC-based viewport-dependent OMAF video profile.
LHEVCConfigurationBox shall not be present in VisualSampleEntry.
HEVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream constraints specified in clause 5.2.2.2.
The track_not_intended_for_presentation_alone flag of the TrackHeaderBox may be used to indicate that a track is not intended to be presented alone.
RotationBox shall not be present in ProjectedOmniVideoBox.
StereoVideoBox shall not be present in ProjectedOmniVideoBox.
The constraints specified in clause 5.2.2.2 apply to the track conforming to this media profile, where the bitstream based on which the constraints are derived is reconstructed from the track as specified in clause 5.2.2.4.
When the playback is intended to be started using another viewing orientation than that indicated by (centre_azimuth, centre_elevation, centre_tilt) equal to (0, 0, 0) relative to the global coordinate axes, the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], shall be present.
5.2.2.4	File decoding process
The inputs to the file decoding process are 
· the track_ID value of the track conforming to this media profile, and
· a file containing at least the track with that track_ID value and all tracks that the track directly or indirectly depends on.
An HEVC bitstream is reconstructed as follows:
· If the untransformed sample entry type of the track with the given track_ID is equal to 'hvc1', an HEVC bitstream is generated from the track with the given track_ID value as specified in clause 8 of ISO/IEC 14496-15.
· Otherwise (the untransformed sample entry type of the track with the given track_ID is equal to 'hvc2'), an HEVC bitstream is generated from the track with the given track_ID value as specified in clause 9 and Annex A of ISO/IEC 14496-15.
The HEVC bitstream shall conform to the elementary stream constraints specified in clause 5.2.2.2.
The HEVC bitstream is decoded as specified in clause 8.1.1 of ISO/IEC 23008-2. The outputs of this process are the same as the outputs of clause 8.1.1 of ISO/IEC 23008-2. Additionally, for each decoded picture, this process outputs ProjectionFormatBox, StereoVideoBox (when applicable), RegionWisePackingBox (when applicable), and RotationBox (when applicable) that provide the input for the semantics of sample locations within the decoded picture as specified in clause 7.3.1 in [3].
5.2.2.5	Expected player operation (informative)
Players conforming to this media profile are expected to process either all referenced SEI messages in clause 5.2.2.2 or all allowed boxes within the SchemeInformationBox for the 'erpv' and 'ercm' scheme types as specified in 7.4.1.3 and 7.4.1.4 in [3] respectively.
When playing a file and when the file contains the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], players are expected to parse the initial viewing orientation metadata track associated with a media track and obey it when rendering the media track.
When receiving and playing a DASH presentation and a Representation containing initial viewing orientation metadata, as specified in clause 7.5.4 in [3], is present and associated with a media Representation selected for playing, as specified in clause 8.2.3 in [3], players are expected to receive and parse the initial viewing orientation metadata Representation and obey it when rendering the media Representation.
A player conforming to the HEVC-based viewport-dependent OMAF video profile is expected to:
· Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBox, when present, of tracks present in a file and select the track that matches user's viewing orientation. The player should use 2DRegionQualityRankingBox together with RegionWisePackingBox, when present, to conclude which sphere regions the indicated quality ranking 2D regions correspond to.
· Parse spherical region-wise quality ranking (SRQR) descriptors, when present, and select the Adaptation Sets and Representations that match the user's viewing orientation:
· When Preselections are applied in the MPD, the player is expected to select a Main Adaptation Set based on the SRQR descriptors.
· When @dependencyId is applied in the MPD, the player is expected to select the dependent Representation based on the SRQR descriptors.

================== END OF CHANGE 2 ========================


89. pCR to TS 26.118 based on HEVC-based viewport-dependent OMAF video profile
================== CHANGE 2 ========================
[bookmark: _Toc498694355]5.2.2	HEVC Viewport-DependentStracciatella Video Media Profile
5.2.2.1	General (informative)
This profile allows unconstrained use of rectangular region-wise packing and monoscopic and stereoscopic spherical video up to 360 degrees are supported. With the presence of region-wise packing, the resolution or quality of the omnidirectional video could be emphasized in certain regions, e.g., according to the user's viewing orientation. In addition, the untransformed sample entry type 'hvc2' is allowed, making it possible to use extractors and get a conforming HEVC bitstream when tile-based streaming is used.

5.2.2.2	Elementary Stream Constraints
The elementary stream constraints apply to the HEVC bitstream that is reconstructed from a file as specified in clause 5.2.2.4.
The HEVC bitstream shall comply with the same constraints as the HEVC chocolate video profile, with the following exceptions:
· For each picture, there shall be either an equirectangular projection SEI message or a cubemap projection SEI message present in the bitstream that applies to the picture.
· Frame packing arrangement SEI message may be present in the bitstream with
· the syntax element frame_packing_arrangement_type set to 3, 4  or 5.
· the syntax element quincunx_sampling_flag is equal to 0;
· The syntax element content_interpretation_type is equal to 1;
· The syntax elements spatial_flipping_flag is equal to 0;
· The syntax element field_views_flag is equal to 0;
· When present, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangular projected video scheme type 'erpv' as indicated in 5.2.1.2 or the packed equirectangular or cubemap projected video scheme type 'ercm', packing_type[i] for each value of i shall be equal to 0.
5.2.2.3	ISO Base Media File Format constraints
When a track is the only track in a file, compatible_brands containing a brand equal to 'hevd' in FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible_brands containing a brand equal to 'hevd' in FileTypeBox indicates that at least one of the tracks conforms to this media profile.
compatible_brands containing a brand equal to 'hevd' in TrackTypeBox indicates that the track conforms to this media profile.
NOTE: Consider adding a brand for 3GPP that indicates there are additional constraints to 'hevd'(see frame packing arrangement SEI message) 
A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBox and TrackTypeBox.
At least one sample entry type of each sample entry of the track shall be equal to 'resv'.
NOTE: 	'resv' does not have to be the track sample entry type, when the track has undergone several transformations. Consequently, this media profile could also be used when the track is protected.
The scheme_type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv' and at least one of 'erpv' and 'ercm'.
The untransformed sample entry type, as derived in clause 7.1.7 in [3], shall be equal to 'hvc1' or 'hvc2'. 
When the untransformed sample entry type is 'hvc2', the track shall include one or more 'scal' track references. The referred tracks shall conform to the HEVC-based viewport-independent OMAF video profile or the HEVC-based viewport-dependent OMAF video profile.
LHEVCConfigurationBox shall not be present in VisualSampleEntry.
HEVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream constraints specified in clause 5.2.2.2.
The track_not_intended_for_presentation_alone flag of the TrackHeaderBox may be used to indicate that a track is not intended to be presented alone.
The constraints specified in clause 5.2.2.2 apply to the track conforming to this media profile, where the bitstream based on which the constraints are derived is reconstructed from the track as specified in clause 5.2.2.4.
When the playback is intended to be started using another viewing orientation than that indicated by (centre_azimuth, centre_elevation, centre_tilt) equal to (0, 0, 0) relative to the global coordinate axes, the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], shall be present.
5.2.2.4	File decoding process
The inputs to the file decoding process are 
· the track_ID value of the track conforming to this media profile, and
· a file containing at least the track with that track_ID value and all tracks that the track directly or indirectly depends on.
An HEVC bitstream is reconstructed as follows:
· If the untransformed sample entry type of the track with the given track_ID is equal to 'hvc1', an HEVC bitstream is generated from the track with the given track_ID value as specified in clause 8 of ISO/IEC 14496-15.
· Otherwise (the untransformed sample entry type of the track with the given track_ID is equal to 'hvc2'), an HEVC bitstream is generated from the track with the given track_ID value as specified in clause 9 and Annex A of ISO/IEC 14496-15.
The HEVC bitstream shall conform to the elementary stream constraints specified in clause 5.2.2.2.
The HEVC bitstream is decoded as specified in clause 8.1.1 of ISO/IEC 23008-2. The outputs of this process are the same as the outputs of clause 8.1.1 of ISO/IEC 23008-2. Additionally, for each decoded picture, this process outputs ProjectionFormatBox, StereoVideoBox (when applicable), RegionWisePackingBox (when applicable), and RotationBox (when applicable) that provide the input for the semantics of sample locations within the decoded picture as specified in clause 7.3.1 in [3].
5.2.2.5	Expected player operation (informative)
Players conforming to this media profile are expected to process either all referenced SEI messages in clause 5.2.2.2 or all allowed boxes within the SchemeInformationBox for the 'erpv' and 'ercm' scheme types as specified in 7.4.1.3 and 7.4.1.4 in [3] respectively.
When playing a file and when the file contains the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], players are expected to parse the initial viewing orientation metadata track associated with a media track and obey it when rendering the media track.
When receiving and playing a DASH presentation and a Representation containing initial viewing orientation metadata, as specified in clause 7.5.4 in [3], is present and associated with a media Representation selected for playing, as specified in clause 8.2.3 in [3], players are expected to receive and parse the initial viewing orientation metadata Representation and obey it when rendering the media Representation.
A player conforming to the HEVC-based viewport-dependent OMAF video profile is expected to:
· Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBox, when present, of tracks present in a file and select the track that matches user's viewing orientation. The player should use 2DRegionQualityRankingBox together with RegionWisePackingBox, when present, to conclude which sphere regions the indicated quality ranking 2D regions correspond to.
· Parse spherical region-wise quality ranking (SRQR) descriptors, when present, and select the Adaptation Sets and Representations that match the user's viewing orientation:
· When Preselections are applied in the MPD, the player is expected to select a Main Adaptation Set based on the SRQR descriptors.
· When @dependencyId is applied in the MPD, the player is expected to select the dependent Representation based on the SRQR descriptors.

================== END OF CHANGE 2 ========================
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5.2.3	AVC Vanilla Video Media Profile
5.2.3.1	General (informative)
Monoscopic spherical video up to 360 degrees is supported. This media profile allows constrained use of rectangular region-wise packing with AVC for coverage.
5.2.3.2	Elementary Stream Constraints
The elementary stream constraints apply to the AVC bitstream that is reconstructed from a file as specified in clause 5.2.3.4.
The bitstream shall comply with AVC Progressive High profile, Level 5.1.
For each picture, there shall be an equirectangular projection SEI message present in the bitstream that applies to the picture.
No frame packing arrangement SEI message shall be present in the bitstream.
No sphere rotation SEI message shall be present in the bitstream.
When the video does not cover the entire sphere, for each picture, there shall be a region-wise packing SEI message present in the bitstream that applies to the picture.
When present, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangular projected video scheme type 'erpv' which are:
· The value of NumRegions shall be equal to HorDiv1 * VerDiv1.
· For each value of i in the range of 0 to NumRegions − 1, inclusive, the following applies:
· The value of PackingType[i] shall be equal to 0.
· The value of TransformType[i] shall be equal to 0.
· The value of PackedRegWidth[i] shall be equal to ProjRegWidth[i].
· The value of PackedRegHeight[i] shall be equal to ProjRegHeight[i].

5.2.3.3	ISO Base Media File Format constraints
When a track is the only track in a file, compatible_brands containing a brand equal to 'avde' in FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible_brands containing a brand equal to 'avde' in FileTypeBox indicates that at least one of the tracks conforms to this media profile.
compatible_brands containing a brand equal to 'avde' in TrackTypeBox indicates that the track conforms to this media profile.
NOTE: Consider adding a brand for 3GPP that indicates there are additional constraints to 'avde' 
A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBox and TrackTypeBox.
At least one sample entry type of each sample entry of the track shall be equal to 'resv'.
NOTE: 	'resv' does not have to be the track sample entry type, when the track has undergone several transformations. Consequently, this media profile could also be used when the track is protected.
The scheme_type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv' and 'erpv'.
The untransformed sample entry type, as derived in clause 7.1.7 in [3], shall be equal to 'avc1', 'avc3'.
RotationBox shall not be present in ProjectedOmniVideoBox.
StereoVideoBox shall not be present in ProjectedOmniVideoBox.


AVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream constraints specified in clause 5.2.3.2.
When the playback is intended to be started using another viewing orientation than that indicated by (centre_azimuth, centre_elevation, centre_tilt) equal to (0, 0, 0) relative to the global coordinate axes, the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], shall be present.
5.2.3.4	File decoding process
The inputs to the file decoding process are
· the track_ID value of the track conforming to this media profile, and
· a file containing at least the track with that track_ID value and all tracks that the track directly or indirectly depends on.
An AVC bitstream is reconstructed as follows:
· If the untransformed sample entry type of the track with the given track_ID is equal to 'avc1' or 'avc3', an AVC bitstream is generated from the track with the given track_ID value as specified in clause 5 of ISO/IEC 14496-15.
· 
The AVC bitstream shall conform to the elementary stream constraints specified in clause 5.2.3.2.
The AVC bitstream is decoded as specified in clause 8 of ISO/IEC 14496-10. The outputs of this process are the same as the outputs of clause 8 of ISO/IEC 14496-10. Additionally, for each decoded picture, this process outputs ProjectionFormatBox, RegionWisePackingBox (when applicable) that provide the input for the semantics of sample locations within the decoded picture as specified in clause 7.3.1 in [3].
5.2.3.5	Expected player operation (informative)
Players conforming to this media profile are expected to process all allowed boxes within the SchemeInformationBox for the 'erpv' scheme type as specified in 7.4.1.3 in [3] with exception of RotationBox and StereoVideoBox.
When playing a file and when the file contains the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], players are expected to parse the initial viewing orientation metadata track associated with a media track and obey it when rendering the media track.
When receiving and playing a DASH presentation and a Representation containing initial viewing orientation metadata, as specified in clause 7.5.4 in [3], is present and associated with a media Representation selected for playing, as specified in clause 8.2.3 in [3], players are expected to receive and parse the initial viewing orientation metadata Representation and obey it when rendering the media Representation.
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65.2.3	AVC Viewport-Dependent Video Media Profile
65.2.3.1	General (informative)
This media profile allows unconstrained use of rectangular region-wise packing with AVC. With the presence of region-wise packing, the resolution of the omnidirectional video could be emphasized in certain regions, e.g., according to the user's viewing orientation. In addition, the untransformed sample entry types 'avc2' and 'avc4' are allowed, making it possible to use extractors and get a conforming AVC bitstream when slice-based streaming is used.
65.2.3.2	Elementary Stream Constraints
The elementary stream constraints apply to the AVC bitstream that is reconstructed from a file as specified in clause 65.2.3.4.
The bitstream shall comply with AVC Progressive High profile, Level 5.12.
For each picture, there shall be an equirectangular projection SEI message present in the bitstream that applies to the picture.
No sphere rotation SEI message shall be present in the bitstream.
Frame packing arrangement SEI message may be present in the bitstream with
· the syntax element frame_packing_arrangement_type set to 4.
· the syntax element quincunx_sampling_flag is equal to 0;
· The syntax element content_interpretation_type is equal to 1;
· The syntax elements spatial_flipping_flag is equal to 0;
· The syntax element field_views_flag is equal to 0;
When present, the region-wise packing SEI messages shall indicate constraints that comply with the equirectangular projected video scheme type 'erpv' as indicated in 5.2.3.2 or the packed equirectangular or cubemap projected video scheme type 'ercm', packing_type[i] for each value of i shall be equal to 0.

56.2.3.3	ISO Base Media File Format constraints
When a track is the only track in a file, compatible_brands containing a brand equal to 'avde' in FileTypeBox indicates that the track conforms to this media profile. When a file contains multiple tracks, compatible_brands containing a brand equal to 'avde' in FileTypeBox indicates that at least one of the tracks conforms to this media profile.
compatible_brands containing a brand equal to 'avde' in TrackTypeBox indicates that the track conforms to this media profile.
NOTE: Consider adding a brand for 3GPP that indicates there are additional constraints to 'avde' 
A track of this media profile shall be indicated to conform to this media profile through one or both of FileTypeBox and TrackTypeBox.
At least one sample entry type of each sample entry of the track shall be equal to 'resv'.
NOTE: 	'resv' does not have to be the track sample entry type, when the track has undergone several transformations. Consequently, this media profile could also be used when the track is protected.
The scheme_type values of SchemeTypeBox in the RestrictedSchemeInfoBox and of all instances of CompatibleSchemeTypeBox in the same RestrictedSchemeInfoBox shall include 'podv' and at least one of 'erpv' and 'ercm'.
RotationBox shall not be present in ProjectedOmniVideoBox.
The untransformed sample entry type, as derived in clause 7.1.7 in [3], shall be equal to 'avc1', 'avc2', 'avc3', or 'avc4'.
When the untransformed sample entry type is 'avc2' or 'avc4', the track shall include one or more 'scal' track references.
AVCConfigurationBox in VisualSampleEntry shall indicate conformance to the elementary stream constraints specified in clause 56.2.3.2.
When the playback is intended to be started using another viewing orientation than that indicated by (centre_azimuth, centre_elevation, centre_tilt) equal to (0, 0, 0) relative to the global coordinate axes, the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], shall be present.
56.2.3.4	File decoding process
The inputs to the file decoding process are
· the track_ID value of the track conforming to this media profile, and
· a file containing at least the track with that track_ID value and all tracks that the track directly or indirectly depends on.
An AVC bitstream is reconstructed as follows:
· If the untransformed sample entry type of the track with the given track_ID is equal to 'avc1' or 'avc3', an AVC bitstream is generated from the track with the given track_ID value as specified in clause 5 of ISO/IEC 14496-15.
· Otherwise (the untransformed sample entry type of the track with the given track_ID is equal to 'avc2' or 'avc4'), an AVC bitstream is generated from the track with the given track_ID value as specified in clause 5 and Annex A of ISO/IEC 14496-15.
The AVC bitstream shall conform to the elementary stream constraints specified in clause 56.2.3.2.
The AVC bitstream is decoded as specified in clause 8 of ISO/IEC 14496-10. The outputs of this process are the same as the outputs of clause 8 of ISO/IEC 14496-10. Additionally, for each decoded picture, this process outputs ProjectionFormatBox, StereoVideoBox (when applicable), RegionWisePackingBox (when applicable), and RotationBox (when applicable) that provide the input for the semantics of sample locations within the decoded picture as specified in clause 7.3.1 in [3].
56.2.3.5	Expected player operation (informative)
Players conforming to this media profile are expected to process all allowed boxes within the SchemeInformationBox for the 'erpv' and 'ercm' scheme types as specified in 7.4.1.3 and 7.4.1.4 in [3] respectively with exception of RotationBox.
.
When playing a file and when the file contains the initial viewing orientation metadata, as specified in clause 7.5.4 in [3], players are expected to parse the initial viewing orientation metadata track associated with a media track and obey it when rendering the media track.
When receiving and playing a DASH presentation and a Representation containing initial viewing orientation metadata, as specified in clause 7.5.4 in [3], is present and associated with a media Representation selected for playing, as specified in clause 8.2.3 in [3], players are expected to receive and parse the initial viewing orientation metadata Representation and obey it when rendering the media Representation.
A player conforming to the AVC-based viewport-dependent OMAF video profile is expected to:
· Parse both SphereRegionQualityRankingBox and 2DRegionQualityRankingBox, when present, of tracks present in a file and select the track that matches user's viewing orientation. The player should use 2DRegionQualityRankingBox together with RegionWisePackingBox, when present, to conclude which sphere regions the indicated quality ranking 2D regions correspond to.
· Parse spherical region-wise quality ranking (SRQR) descriptors, when present, and select the Adaptation Sets and Representations that match the user's viewing orientation:
· When Preselections are applied in the MPD, the player is expected to select a Main Adaptation Set based on the SRQR descriptors.
· When @dependencyId is applied in the MPD, the player is expected to select the dependent Representation based on the SRQR descriptors.
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