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	First Change


5.1.3
Operation Point Summary

The present document defines several operation points for different target applications and scenarios. In particular, two legacy operation points are defined that use existing video codecs H.264/AVC and H.265/HEVC to enable distribution of up to 4K full 360 mono video signals up to 60 Hz by using simple equirectangular projection.
In addition, one operation for each codec is defined that enables enhanced features, in particular stereo video, up to 8K mono, higher frame rates and HDR. 
Furthermore, one additional operation point is defined that uses H.265/HEVC to enable distribution of up to 8K full 360 mono video signals up to 60 Hz and with HDR using equirectangular projection.
Table 5.1-1 summarizes the Operation Points, the detailed definitions are defined in the remainder of clause 5.1 where 3k refers to 2880 × 1440 pixels, 4k to 4096 × 2048 pixels, 6k to 6144 × 3072 pixels and 8k to 8192 × 4096 pixels (expressed in luminance pixel width × luminance pixel height).
Note: The Table only provides an informative high-level summary and is not considered to be complete. The specification text in the remainder of clause 5.1 refines the table and takes precedence over any information documented in the table.
Restrictions on source formats such as resolution and frame rates, content generation and encoding guidelines are provided in Annex A.

Table 5.1-1: High-level Summary of Operation Points

	Operation Point name
	Decoder
	Bit depth
	Typical

Original
Spatial
Resolution
	Frame
Rate
	Colour space format
	Transfer

Characteristics
	Projection
	Rotation
	RWP
	Stereo

	Basic H.264/AVC


	H.264/AVC HP@L5.1
	8
	Up to 4k
	Up to 60 Hz
	BT.709
	BT.709
	ERP w/o padding
	No
	No
	No

	Main H.265/HEVC
	H.265/HEVC MP10@L5.1
	8, 10
	Up to 6k in mono and 3k in stereo
	Up to 60 Hz
	BT.709

BT.2020
	BT.709

	ERP w/o padding
	No
	Yes
	Yes

	Flexible H.265/HEVC
	H.265/HEVC MP10@L5.1
	8, 10
	Up to 8k in mono and 3k in stereo
	Up to 120 Hz
	BT.709 

BT.2020
	BT.709, 
BT.2100 PQ
	ERP w/o padding
CMP
	No
	Yes
	Yes

	Main 8K H.265/HEVC
	H.265/HEVC MP10@L6.1
	10
	Up to 8k in mono and 6k in stereo
	Up to 60 60 Hz for 8K and 120 Hz for 4k
	BT.709

BT.2020
	BT.709,
BT.2100 PQ,
	ERP w/o padding
	No
	Yes, but restricted to coverage
	Yes


VR Rendering metadata in the Operation Points is carried in SEI messages. Receivers are expected to be able to process the VR metadata carried in SEI messages. However, the same VR metadata may be duplicated on system-level. In this case, the Receiver may rely on the system level processing to extract the relevant VR Rendering metadata rather than extracting this from the SEI message.

	Second Change (NEW)


5.1.7
Main 8K H.265/HEVC

5.1.7.1
General

This operation targets enhanced 360 video decoding and rendering of H.265/HEVC video for VR applications. Among others, this operation point supports among others rendering of:
-
8K mono video at up to 60 Hz frame rates for full coverage
-
6K stereoscopic video at up to 60 Hz frame rates for full coverage

-
4K mono video at up to 120 Hz frame rates for full coverage
-
Higher than 8K resolutions for restricted coverage

-
Extended colour space, and SDR and HDR transfer characteristics

A Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation point shall conform to the requirements in the remainder of clause 5.1.7.

A Receiver conforming to the 3GPP VR Main 8K H.265/HEVC Operation point shall support decoding and rendering a Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation point. Detailed receiver requirements are provided in the remainder of clause 5.1.7.

5.1.7.2
Profile and level

A Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation point 

-
shall conform to H.265/HEVC Main-10 Profile Main Tier Profile Level 6.1 [6], i.e. for a Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation,

-
the general_profile_idc shall be set to 2 indicating the Main10 profile.

-
the general_tier_flag shall be set to 0 indicating the Main tier.

-
the value of level_idc shall not be greater than 183 (corresponding to the Level 6.1) and should indicate the lowest level to which the Bitstream conforms.
-
shall have general_progressive_source_flag equal to 1, 

-
shall have general interlaced_source_flag equal to 0, 
-
shall have general_frame_only_constraint_flag equal to 1 

-
shall conform to following further limitations:

-
if frame rate 60 fps is used, then the maximum luma picture size in samples of 33,554,432 is not exceeded,

-
the maximum VCL Bit Rate is constrained to be 80 Mbps with CpbVclFactor and CpbNalFactor being fixed to be 1000 and 1100, respectively.
5.1.7.3
Bit depth

Bitstreams conforming to the 3GPP VR Main 8K H.265/HEVC Operation point shall be encoded with 10-bit precision:
-
bit_depth_luma_minus8 = 2 (10 bits)

-
bit_depth_chroma_minus8 = bit_depth_luma_minus8 

Receivers conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall support 10-bit precision.

5.1.7.4
Spatial Resolutions

Due to the options provided in this operation point, additional original format may be considered that can then be decoded and rendered by a Receiver conforming to this operation point. Recommended original formats beyond those specified in clause 5.1.4.3 for equirectangular projection (ERP) are:
-
Mono formats: 8192 × 4096, 7680 × 3840, 6144 × 3072, 5760 × 2880

-
Stereo formats with resolution for each eye: 6144 × 3072, 5860 × 2880, 4096 × 2048, 3840 × 1920, 2880 × 1440, 2048 × 1024 

The distribution formats are more flexible as additional VR metadata as defined in the remainder of clause 5.1.7 may be used. However, for the distribution formats, all requirements of H.265/HEVC Main-10 Profile Main Tier Profile Level 6.1 [5] shall apply to the decoded texture signal. 

According to H.265/HEVC Main-10 Profile Main Tier Profile Level 6.1 [6], the maximum luminance width and height does not exceed 16,888 pixels. In addition to the H.265/HEVC Main-10 Profile Main Tier Profile Level 6.1 [6] constraints, a Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation point, the decoded texture signal shall in addition:

-
not exceed the luminance width of 16,384 pixels, and

-
not exceed the luminance height of 16,384 pixels. 

A Receiver conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall be capable of decoding and rendering Bitstreams with a decoded texture signal of maximum luminance width of 16,384 pixels, a maximum luminance height of 16,384 pixels and the overall profile/level constraints. 
5.1.7.5
Colour information and Transfer Characteristics

A Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall use either Recommendation ITU-R BT.709 [3] colorimetry or Recommendation ITU-R BT.2020 [4] colorimetry in non-constant luminance for standard dynamic range (SDR). For High Dynamic Range (HDR), BT.2020 [4] colorimetry in non-constant luminance and Perceptual Quantization (PQ) electro-optical transfer function (EOTF) as defined in Recommendation ITU-R BT.2100 [11] are used.
Specifically, in the VUI, the colour parameter information shall be present, i.e.:

-
video_signal_type_present_flag value and colour_description_present_flag value shall be set to 1. 

-
If BT.709 [3] is used, it shall be signalled by setting colour_primaries to the value 1, transfer_characteristics to the value 1 and matrix_coeffs to the value 1.

-
If BT.2020 [4] and SDR is used, it shall be signalled by setting colour_primaries to the value 9, transfer_characteristics to the value 14 and matrix_coeffs to the value 9. 
-
If BT.2020 [4] and ITU-R BT.2100 [11] are used in HDR, it shall be signalled by setting colour_primaries to the value 9, transfer_characteristics to the value 16 and matrix_coeffs to the value 9. The chroma_sample_loc_type_top_field shall be set to 2.
A Receiver conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall be capable of decoding and rendering according to any of the three above configurations. 

SEI messages for HDR metadata signalling may be used. The requirements and recommendations for Bitstreams and Receivers as documented in TS 26.116 [12], clause 4.5.5.7 also apply for the 3GPP VR Main 8K H.265/HEVC Operation Point.

5.1.7.6
Frame rates

A Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall have one of the following frame rates: 24; 25; 30; 24/1001; 30/1001; 50; 60; 60/1001; 90; 100; 120; 120/1001 Hz.
Selected combinations of frame rates with other source parameters are provided in Annex A.2.2.2a.
In the VUI, the timing information may be present:

-
If the timing information is present, i.e. the value of vui_timing_info_present_flag is set to 1, then the values of vui_num_units_in_tick and vui_time_scale shall be set according to the frame rates allowed in this clause. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.

-
The frame rate shall not change between two RAPs. fixed_frame_rate_flag value, if present, shall be set to 1.

There are no requirements on output timing conformance for H.265/HEVC decoding (Annex C of [6]). The Hypothetical Reference Decoder (HRD) parameters, if present, should be ignored by the Receiver. 

A Receiver conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall be capable of decoding and rendering Bitstreams that use frame rates according to the bitstream requirements documented above. 
5.1.7.7
Random access point

The same requirements as those defined for 3GPP VR Main H.265/HEVC Operation Point in clause 5.1.5.7 apply.
5.1.7.8
Video and Sequence Parameter Sets

Receivers conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall satisfy the same requirements as those defined for 3GPP VR Main H.265/HEVC Operation Point in clause 5.1.5.8.
5.1.7.9
Video usability information

The same requirements as those defined for 3GPP VR Main H.265/HEVC Operation Point in clause 5.1.5.9 apply.
5.1.7.10
Omni-directional Projection Formats

Bitstreams conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall satisfy the same requirements as those defined for 3GPP VR Main H.265/HEVC Operation Point in clause 5.1.5.10.
5.1.7.11
Restricted Coverage

The same requirements as those defined for 3GPP VR Main H.265/HEVC Operation Point in clause 5.1.5.11 apply.
However, as the region-wise packing SEI message (payloadType equal to 155) is only used for restricted coverage signalling (in contrast to 3GPP VR Main H.265/HEVC Operation Point, where region-wise packing SEI message is used for signalling both restricted coverage and viewport-optimized content). 

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 and it shall signal the same information as indicated with the values of erp_guard_band_type, erp_left_guard_band_width, and erp_right_guard_band_width syntax elements of the equirectangular projection SEI message. Furthermore, the following restrictions apply: 
· num_packed_regions shall be set to 1.
· rwp_guard_band_flag[0] shall be equal to 1.

· rwp_transform_type[0] shall be equal to 0.
· The value of packed_region_width[0] shall be equal to proj_region_width[0].
· The value of packed_region_height[0] shall be equal to proj_region_height[0].
5.1.7.12
Frame packing arrangement

Bitstreams and receivers conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall satisfy the same requirements as those defined for 3GPP VR Main H.265/HEVC Operation Point in clause 5.1.5.13.
5.1.7.13
Other VR Metadata

For a Bitstream conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point:
-
the equirectangular projection SEI message (payloadType equal to 150) with erp_guard_band_flag not set to 0 shall not be present,
-
the sphere rotation SEI message (payloadType equal to 154) shall not be present.
-
the region-wise packing SEI message (payloadType equal to 155) with num_packed_regions larger than 1 shall not be present.
5.1.7.14
Receiver Compatibility

Receivers conforming to the 3GPP VR Main 8K H.265/HEVC Operation Point shall satisfy the same requirements as those defined for 3GPP VR Main H.265/HEVC Operation Point in clause 5.1.5.15.
	Third Change


5.2.1
Introduction and Overview

This clause defines the media profiles for video. Media profiles include specification on the following:
-
Elementary stream constraints based on the video operation points defined in clause 5.1.

-
File format encapsulation constraints and signalling including capability signalling. The defines to a 3GPP VR Track as defined above.

-
DASH Adaptation Set constraints and signalling including capability signalling. This defines a DASH content format profile.

Table 5.2-1 provides an overview of the Media Profiles in defined in the remainder of clause 5.3.2.

Table 5.2-1 Video Media Profiles

	Media Profile
	Operation Point
	Sample Entry
	DASH Integration

	Basic Video


	Basic H.264/AVC


	resv

avc1
	Single Adaptation Set

Single Representation streaming

	Main Video
	Main H.265/HEVC or Main 8K H.265/HEVC 
	resv

hvc1 
	Single or Multiple independent Adaptation Sets offered

Single Representation streaming

	Advanced Video 
	Flexible H.265/HEVC
	resv

hvc1, hvc2
	Single or Multiple dependent Adaptation Sets offered

Single or Multiple representation streaming


Note:
Advanced Video Profile Receivers are expected to playback content conforming to the Main Video Media Profile.

	Fourth Change


5.2.3.1
Overview

The Main Video Media Profile permits to download and stream elementary streams for VR content generated according to the H.265/HEVC Main Operation Point as defined in clause 5.1.5 or H.265/HEVC Main 8K Operation Point as defined in clause 5.1.7. This enables reuse of the hvc1 sample entry as for example also used in the TV Video Profiles in TS 26.116 [12]. It also permits to reuse streaming the VR video content in an adaptive manner by offering multiple switchable Representations in a single Adaptation Set in a DASH MPD. Furthermore, this profile enables that multiple Video Adaptation Sets are offered for the same content, each encoded for a preferred viewport. Multiple Viewpoints may be signaled, for example expressing different type of content or different camera positions.
For content generation guidelines for this media profile refer to Annex A.2.3.2. 

5.2.3.2
File Format Signaling and Encapsulation

3GP VR Tracks conforming to this media profile used in the context of the specification shall conform to ISO BMFF [17] with the following further requirements: 
-
The included in the video track shall comply to the Bitstream requirements and recommendations for the Main.H.265/HEVC Operation Point as defined in clause 5.1.5 or Main.8K H.265/HEVC Operation Point as defined in clause 5.1.7 with the additional constraints 

-
the region-wise packing SEI message (payloadType equal to 155). if present in any H.265/HEVC RAP, shall be present in any H.265/HEVC RAP and shall be identical for all H.265/HEVC RAP. 

-
The sample entry type of each sample entry of the track shall be equal to 'resv'.

-
The scheme_type value of SchemeTypeBox in the RestrictedSchemeInfoBox shall be 'podv', and all instances of CompatibleSchemeTypeBox defined in ISO/IEC 23090-2 [13] in the same RestrictedSchemeInfoBox shall include at least one of the scheme_type values 'erpv' and 'ercm'.
-
The untransformed sample entry type shall be equal to 'hvc1'.
Note:
If a file decoder experiences issues in the playback of the VR Track with the restricted sample 'resv', but the application is able to control the rendering according to the VR rendering metadata, then the untransformed sample entry could be used to initialize the decoding process for the file decoder.

-
The Track Header Box ('tkhd') shall obey the following constraints:

-
The width and height fields for a visual track shall specify the track's visual presentation size as fixed-point 16.16 values expressed in on a uniformly sampled grid (commonly called square pixels) (of the decoded texture signal)

-
The Video Media Header ('vmhd') shall obey the following constraints:

-
The value of the version field shall be set to '0'.

-
The value of the graphicsmode field shall be set to '0'.

-
The value of the opcolor field shall be set to {'0', '0', '0'}.

-
The Sample Description Box ('stsd') obeys the following constraints:

-
A visual sample entry shall be used.

-
The box shall include at least one Sequence Parameter Set NAL unit.

-
width and height field shall correspond to the cropped horizontal and vertical sample counts provided in the Sequence Parameter Set of the track.

-
It shall contain a Decoder Configuration Record which signals the Profile, Level, and other parameters of the video track.

 -
The Colour Information Box ('colr') should be present. If present, it shall signal the colour_primaries, transfer_characteristics and matrix_coeffs applicable to all the bitstreams associated with this sample entry.

-
The ProjectionFormatBox with projection_type equal to 0 as defined in ISO/IEC 23090-2 [13] shall be present in the sample entry applying to the sample containing the picture.

-
If the content contained in the Bitstream in the track does not cover the entire sphere, the CoverageInformationBox as defined in ISO/IEC 23090-2 [13] should be present. If present, only a single region may be signaled and the following restrictions apply:

-
The coverage_shape_type shall be set to 1, i.e. the sphere region is specified by two azimuth circles and two elevation circles.

-
The num_regions value shall be set to 1.


-
The view_idc_presence_flag shall be set to 0.


-
The default_view_idc shall be set to 0 or 3.

-
If the content contained in the Bitstream in the track includes the region-wise packing SEI message (payloadType equal to 155), then the RegionWisePackingBox as defined in ISO/IEC 23090-2 [17] shall be present. It shall signal the same information that is included in the region-wise packing SEI message(s) in the elementary stream.
-
If the content contained in the Bitstream in the track does includes the frame packing arrangement SEI message (payloadType equal to 45) in the video stream, the 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.
If 3GP VR Tracks conforming to the constraints of this media profile, the '3vrm' ISO brand should be set as a compatible_brand in the File Type Box ('ftyp'). 
	Fifth Change (NEW)


A.2.2.2a
Constraints for Main 8K H.265/HEVC Operation Point

The profile and level constraints of H.265/HEVC Main-10 Profile Main Tier Profile Level 6.1 require careful balance of the permitted frame rates, stereo modes, spatial resolutions, and usage of region wise packing for different resolutions and coverage restrictions. If the decoded texture signal is beyond the Profile and Level constraints, then a careful adaptation of the signal is recommended to fulfil the constraints.
This clause provides a brief overview of potential signal constraints and possible adjustments.

Table A.2a-1 provides selected permitted combinations of spatial resolutions, frame rates and stereo modes assuming full coverage and no region-wise packing applied. Note that fractional frame rates are excluded for better readability. Note that the Main 8K H.265/HEVC Operation Point only allows frame rates up to 60 Hz.
Table A.2a-1 Selected permitted combinations of spatial resolutions and frame rates

	Spatial resolution per eye
	Stereo
	Permitted Frame Rates in Hz

	8192 × 4096
	None
	24; 25; 30; 50; 60

	7680 × 3840
	None
	24; 25; 30; 50; 60 

	6144 × 3072
	None
	24; 25; 30; 50; 60; 90; 100

	5760 × 2880
	None
	24; 25; 30; 50; 60; 90; 100; 120

	4096 × 2048
	None
	24; 25; 30; 50; 60; 90; 100; 120

	5760 × 2880
	TaB
	24; 25; 30; 50; 60

	4096 × 2048
	TaB
	24; 25; 30; 50; 60; 90; 100; 120


Editor’s Note: The permitted combinations above are to be aligned with those reported in S4-201390. 
Table A.2a-2 provides the maximum percentage of coverage area that can be encoded assuming that the remaining pixels are not encoded for different frame rates. Note that fractional frame rates are excluded for better readability.
Table A.2a-2 Maximum Percentage of coverage area for different frame rates

	Spatial resolution
per eye
	Stereo
	Frame Rates in Hz

	
	
	24
	25
	30
	50
	60
	90
	100
	120

	12288 × 6144
	None
	47.22%
	47.22%
	47.22%
	47.22%
	47.22%
	31.48%
	28.33%
	23.61%

	8192 × 4096
	None
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	70.83%
	63.75%
	53.13%

	7680 × 3840
	None
	100.00%
	100.00%
	100.00%
	100.00%
	100.00%
	80.59%
	72.53%
	60.44%

	12288 × 6144
	TaB
	23.61%
	23.61%
	23.61%
	23.61%
	23.61%
	15.74%
	14.71%
	11.81%

	8192 × 4096
	TaB
	53.13%
	53.13%
	53.13%
	53.13%
	53.13%
	35.42%
	31.88%
	26.56%

	7680 × 3840
	TaB
	60.44%
	60.44%
	60.44%
	60.44%
	60.44%
	40.30%
	36.27%
	30.22%


	End of Changes


