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[bookmark: _Toc19383178][bookmark: _Toc36232096]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,
BT.2100 HLG
	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,
BT.2100 HLG
	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.
NEXT CHANGE
[bookmark: _Toc19383213][bookmark: _Toc36232131]5.1.6.5	Colour information and Transfer Characteristics
A Bitstream conforming to the 3GPP VR Flexible 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 Perceptual Quantization (PQ) High Dynamic Range (HDR), BT.2020 [4] colorimetry in non-constant luminance and the Perceptual Quantization (PQ) electro-optical transfer function (EOTF) as defined in Recommendation ITU-R BT.2100 [11] are used.
For Hybrid Log–Gamma (HLG) High Dynamic Range (HDR), BT.2020 [4] colorimetry in non-constant luminance and the HLG opto-electronic transfer function (OETF) 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.
-	If the PQ EOTF is used, transfer_characteristics shall be set to the value 16.
-	If the HLG OETF is used, transfer_characteristics shall be set to the value 14. The Bitstream shall also contain the alternative_transfer_characteristics SEI message. The alternative_transfer_characteristics SEI message shall be inserted at each RAP, and its parameter preferred_transfer_characteristics shall be set to the value 18.
NOTE 1:	HLG is specified using the alternative_transfer_characteristics method only to ensure backwards compatibility with earlier releases at this Operation Point.
NOTE 2:	If the content is provided to a receiver that is not able to process the SEI message, the receiver uses the backward-compatibility mode of HLG to present an SDR representation of the signal.
A Receiver conforming to the 3GPP VR Flexible H.265/HEVC Operation Point shall be capable of decoding and rendering according to any of the three above configurations.	Comment by Richard Bradbury (further revisions): @MCC: N.B.
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 Flexible H.265/HEVC Operation Point.
NEXT CHANGE
[bookmark: _Toc19383223][bookmark: _Toc36232141]5.1.6.15	Receiver Compatibility
Receivers conforming to the 3GPP VR Flexible H.265/HEVC Operation Point shall support decoding and displaying 3GPP VR Main H.265/HEVC Operation Point Bitstreams and 3GPP VR Flexible H.265/HEVC Operation Point Bitstreams.
Receivers conforming to the 3GPP VR Flexible H.265/HEVC Operation Point shall support all Receiver requirements in clause 5.1.6. Specifically, receivers conforming to the 3GPP VR Flexible H.265/HEVC Operation Point shall support decoding and rendering Bitstreams that include the following display or VR rendering metadata:
-	the region-wise packing SEI message (for details see clauses 5.1.6.11 and 5.1.6.12), 
-	the equirectangular projection SEI message (for details see clause 5.1.6.10),
-	the cubemap projection SEI message (for details see clause 5.1.6.10),
-	the frame-packing arrangement SEI message (for details see clause 5.1.6.13),
- 	the alternative_transfer_characteristics SEI message with preferred_transfer_characteristics set to the value 18 (for details see clause 5.1.6.5).
-	any combinations of those.
[bookmark: _Toc19383197][bookmark: _Toc36232115]NEXT CHANGE
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 Perceptual Quantization (PQ) High Dynamic Range (HDR), BT.2020 [4] colorimetry in non-constant luminance and the Perceptual Quantization (PQ) electro-optical transfer function (EOTF) as defined in Recommendation ITU-R BT.2100 [11] are used.
For Hybrid Log–Gamma (HLG) High Dynamic Range (HDR), BT.2020 [4] colorimetry in non-constant luminance and the HLG opto-electronic transfer function (OETF) 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.
-	If the PQ EOTF is used, transfer_characteristics shall be set to the value 16.
-	If the HLG OETF is used, transfer_characteristics shall be set to either the value 18 or 14. In the latter case, the Bitstream shall also contain the alternative_transfer_characteristics SEI message. The alternative_transfer_characteristics SEI message shall be inserted at each RAP, and its parameter preferred_transfer_characteristics shall be set to the value 18.
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. 	Comment by Richard Bradbury (further revisions): @MCC: N.B.
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.
END OF CHANGES
