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1. 
Proposal
To properly specify VR video operation points, we propose to consider the following aspects.

· We need to consider device deployments or HW capabilities for VR video since it is important to enable for receivers to decode and to render the video bitstream that is conforming to a certain operation point.
· For stereoscopic VR video, either top-bottom or side-by-side layout is usually considered in the receivers which can process stereoscopic video, not temporal interleaving. The temporal interleaving frame packing is rarely used for the stereoscopic video. 
· Some of rendering metadata, e.g., director’s cut are associated with several types of media, e.g., video, audio, not limited to the video only. The metadata which can be associated with several types of media needs to be signalled separately from the video bitstream.
· Most SEI messages associated with VR video rendering metadata are used by VR Application to instruct how to render the video. Even though it does not affect to HWs, we need to minimize the overload of applications to realize a certain feature with the rendering metadata. 

Based on the above considerations, we propose to include the following texts on video operation points into clause 5.1 in TS 26.118. 
************************************  START OF CHANGES ***************************************
5
Video Enablers

5.1
Video Operation Points

[<Provides video operation points, describing content formats following the parameter in clause 4.1.2>
5.1.1
Definition of Operation Point

For the purpose to define interfaces to a conforming video decoder, video operation points are defined. In this case the following definitions hold:

· Operation Point: A collection of discrete combinations of different content formats including spatial and temporal resolutions, colour mapping, transfer functions, rendering metadata etc. and the encoding format.
· Receiver: A receiver that can decode and render any bitstream that is conforming to a certain Operation Point.

· Bitstream: A video bitstream that conforms to a video encoding format and certain Operation Point including VR Rendering Metadata
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Figure X Video Operation Points

This clause focuses on the interoperability point to a media decoder as indicated in Figure X. This clause does not deal with the access engine and file parser which addresses aspects how the video bitstream is delivered.

In all video operation points, the VR video is rendered using a single media decoder which provides decoded signals and rendering metadata by decoding relevant SEI messages.
5.1.2
Parameters of an Operation Point

Editor’s Note: At this stage the following parameters are identified, and the following options are considered.
Video Decoder
The video decoder expresses a receiver that is capable to decode a bitstream following profile/level constraints as well as additional restrictions
· V1) H.264/AVC Progressive High Profile Level 5.1 [X] for H.264/AVC with the following additional restrictions

· the maximum VCL Bit Rate is constrained to be 120Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively.
· No support for Flexible macro-block order (FMO), Arbitrary slice ordering (ASO), Redundant slices (RS) and Data partition

· A maximum of 10 slices per picture

· 
· 
· 
· 
-
V2) H.265/HEVC Main-10 Profile Main Tier Profile Level 5.1 [X] for HEVC

Spatial Resolution of decoded video signal

This defines the permitted resolution of the decoded video signal.

For the spatial resolution of the decoded video all permitted resolutions following video profile/level restriction are permitted.

NOTE: Please check if any further restrictions are beneficial
Picture Aspect ratio

Limited by profile and level, with the codecs it is max of  8:1 or 1:8.
NOTE: Please check if any further restrictions are beneficial
Frame Rates of the decoded video signal

This defines the permitted frame rates of the decoded video signal.

The following frame rates are permitted:  24; 25; 30; 24/1.001; 30/1.001; 50; 60; 60/1.001  Hz.
In addition, the maximum number of macroblocks per second is restricted and certain spatial resolutions may then also imply restrictions on the frame rate.
NOTE: Please check if any further restrictions or extension are beneficial. This should be based on use cases and/or implementation issues

Chroma Subsampling

For all operation points, 4:2:0 chroma sub-sampling shall be used.
Chroma Format

Y'CbCr (non-constant luminance) as the Chroma Format shall be used.
Colour space formats

The following colour space formats may be used depending on the Operation Point for the decoded video signal: 
-
ITU-R BT.709 [3] 
-
ITU-R BT.2020 [4]
Transfer characteristics
The following transfer characteristics formats may be used depending on the Operation Point for the decoded video signal: 
· BT.709 [3] 

· BT.2020 [4] non-constant luminance transfer characteristics or the electro-optical transfer function as defined in Recommendation ITU‑R BT.2100 [11] for the Perceptual Quantization (PQ) system.
Bit depth: 

The following bit depth for the signal may be used:

· 8 bit 
· 10 bit
Projection Formats:
The following projection formats may be used depending on the Operation Point:

· ERP, signalled by the equirectangular projection SEI message (payloadType equal to 150) with erp_guard_band_flag equal to 0
· CMP, signalled by the cubemap projection SEI message (payloadType equal to 151)

Sphere Rotation 

Depending on the Operation Point, the sphere rotation SEI message (payloadType equal to 154) 

· may be present and shall be processed by the receiver, or 
· shall not be present.


· 
· 
Region-wise Packing
Depending on the Operation Point, 

· the region-wise packing SEI message (payloadType equal to 155) shall not be present

· the region-wise packing SEI message (payloadType equal to 155) may be present in an unrestricted manner and shall be processed by the receiver
· the region-wise packing SEI message (payloadType equal to 155) may be present with the following restrictions (to support coverage restriction): 

· The constituent_picture_matching_flag is set to 0 only (region-wise packing for monoscopic)
· The num_packed_regions is set to 1

· The rwp_transform_type[ i ] value is set to 0 only (no transform)
· The rwp_guard_band_flag[i] is set to 0 only (no guardband)
and shall be processed by the receiver
· the region-wise packing SEI message (payloadType equal to 155) may be present with the following restrictions (no support guard-band processing): 

· the rwp_guard_band_flag[ i ] is set to 0

NOTE: Please check if any other restrictions and subsets are necessary, i.e. adding a new mode. This should be based on use cases (for extensions) and implementation problems (for restrictions)
Stereo signals and Frame-Packing Arrangement SEI
Depending on the Operation Point, 

· the frame-packing arrangement (payloadType equal to XXX) shall not be present
· the frame packing arrangement SEI message may be present with 

· the syntax element frame_packing_arrangement_type set to 4 for Top-and-Bottom.
· 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;
and shall be processed by the receiver
· the frame packing arrangement SEI message may be present with 

· the syntax element frame_packing_arrangement_type set to 3 for SbS.
· 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;
and shall be processed by the receiver
· 
· 
· 
· 
· 
· 

NOTE: Please check if any other restrictions and subsets are necessary, i.e. adding a new mode. This should be based on use cases (for extensions) and implementation problems (for restrictions)
SEI Message Dynamics
Depending on the Operation Point and SEI message type, the SEI message may follow the following rules 

· May change for every picture

· May change for every coded video sequence

· May not change at all

5.1.3
Operation Point Summary

The following table summarizes the Operation points
	Operation Point name
	Decoder
	Bit depth
	Colour space format
	Transfer

Characteristics
	Projection
	Rotation
	
	RWP
	Stereo

	H.264/AVC vanilla

	H.264/AVC HP@L5.1
	8
	BT.709 
	BT.709
	ERP
	No
	
	No 
	No

	H.264/AVC banana-split

	H.264/AVC HP@L5.1
	8
	BT.709
	BT.709
	ERP
	Yes
	
	Full
	TaB



	H.265/HEVC chocolate


	H.265/HEVC
MP10@L5.1
	8, 10
	BT.709 
BT.2020 
	BT.709, 
	ERP
	No
	
	No

	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
	
	Full
	TaB

SbS




5.1.4
Vanilla H.264/AVC

This operation targets simple deployments and legacy receivers at basic quality.

Video Decoder
The video decoder expresses a receiver that is capable to decode a bitstream following profile/level constraints as well as additional restrictions
·  H.264/AVC Progressive High Profile Level 5.1 [X] for H.264/AVC with the following additional restrictions

· the maximum VCL Bit Rate is constrained to be 120Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively.
· No support for Flexible macro-block order (FMO), Arbitrary slice ordering (ASO), Redundant slices (RS) and Data partition

· A maximum of 10 slices per picture

Spatial Resolution of decoded video signal

For the spatial resolution of the decoded video all permitted resolutions following video profile/level restriction are permitted.

NOTE: Please check if any further restrictions are beneficial
Picture Aspect ratio

Limited by profile and level, with the codecs it is max of  8:1 or 1:8.
NOTE: Please check if any further restrictions are beneficial
Frame Rates of the decoded video signal

This defines the permitted frame rates of the decoded video signal.

The following frame rates are permitted:  24; 25; 30; 24/1.001; 30/1.001; 50; 60; 60/1.001  Hz.
In addition, the maximum number of macroblocks per second is restricted and certain spatial resolutions may then also imply restrictions on the frame rate. The combination of luma samples and maximum frame rates is restricted by video profile/level restriction.
NOTE: Please check if any further restrictions or extension are beneficial. This should be based on use cases and/or implementation issues

Chroma Subsampling

For all operation points, 4:2:0 chroma sub-sampling shall be used.
Chroma Format

Y'CbCr (non-constant luminance) as the Chroma Format shall be used.
Colour space formats

The following colour space formats may be used depending on the Operation Point for the decoded video signal: 
-
ITU-R BT.709 [3] 
Transfer characteristics
The following transfer characteristics formats may be used depending on the Operation Point for the decoded video signal: 
· BT.709 [3] 

Bit depth: 

The following bit depth for the signal may be used:

· 8 bit 
Projection Formats:
The following projection formats may be used depending on the Operation Point:

· ERP, signalled by the equirectangular projection SEI message (payloadType equal to 150) with erp_guard_band_flag equal to 0
Sphere Rotation 

The sphere rotation SEI message (payloadType equal to 154) shall not be present.


Region-wise Packing
The region-wise packing SEI message (payloadType equal to 155) shall not be present.

[considered option 
the region-wise packing SEI message (payloadType equal to 155) may be present with the following restrictions (to support coverage restriction): 

· The constituent_picture_matching_flag is set to 0 only (region-wise packing for monoscopic)

· The num_packed_regions is set to 1

· The rwp_transform_type[ i ] value is set to 0 only (no transform)
· The rwp_guard_band_flag[i] is set to 0 only (no guardband)
and shall be processed by the receiver]


Stereo signals and Frame-Packing Arrangement SEI
· the frame-packing arrangement (payloadType equal to XXX) shall not be present

SEI Message Dynamics
The SEI messages shall not be changed in CVS.
5.1.5
Banana-split H.264/AVC

This operation targets advanced H.264/AVC based deployments.

Video Decoder
The video decoder expresses a receiver that is capable to decode a bitstream following profile/level constraints as well as additional restrictions
·  H.264/AVC Progressive High Profile Level 5.1 [X] for H.264/AVC with the following additional restrictions

· the maximum VCL Bit Rate is constrained to be 120Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively.
· No support for Flexible macro-block order (FMO), Arbitrary slice ordering (ASO), Redundant slices (RS) and Data partition

· A maximum of 10 slices per picture

NOTE: Check for support of 5.2. in devices
Spatial Resolution of decoded video signal

This defines the permitted resolution of the decoded video signal.

For the spatial resolution of the decoded video all permitted resolutions following video profile/level restriction are permitted.

NOTE: Please check if any further restrictions are beneficial
Picture Aspect ratio

Limited by profile and level, with the codecs it is max of  8:1 or 1:8.
NOTE: Please check if any further restrictions are beneficial
Frame Rates of the decoded video signal

This defines the permitted frame rates of the decoded video signal.

The following frame rates are permitted:  24; 25; 30; 24/1.001; 30/1.001; 50; 60; 60/1.001  Hz.
In addition, the maximum number of macroblocks per second is restricted and certain spatial resolutions may then also imply restrictions on the frame rate.
NOTE: Please check if any further restrictions or extension are beneficial. This should be based on use cases and/or implementation issues

Chroma Subsampling

For all operation points, 4:2:0 chroma sub-sampling shall be used.
Chroma Format

Y'CbCr (non-constant luminance) as the Chroma Format shall be used.
Colour space formats

The following colour space formats may be used depending on the Operation Point for the decoded video signal: 
-
ITU-R BT.709 [3] 
Transfer characteristics
The following transfer characteristics formats may be used depending on the Operation Point for the decoded video signal: 
· BT.709 [3] 

Bit depth: 

The following bit depth for the signal may be used:

· 8 bit 
Projection Formats:
The following projection formats may be used depending on the Operation Point:

· ERP, signalled by the equirectangular projection SEI message (payloadType equal to 150) with erp_guard_band_flag equal to 0
Sphere Rotation 

The sphere rotation SEI message (payloadType equal to 154) may be present.

[Alternative: The sphere rotation SEI message (payloadType equal to 154) may be present and shall be processed by the receiver] Bring use Case, if this is important


Region-wise Packing
The region-wise packing SEI message (payloadType equal to 155) may be present in an unrestricted manner and shall be processed by the receiver.

The SEI message shall be present in RAP only.
NOTE: Please check if any other restrictions and subsets are necessary, i.e. adding a new mode. This should be based on use cases (for extensions) and implementation problems (for restrictions)
Stereo signals and Frame-Packing Arrangement SEI
The frame packing arrangement SEI message may be present with 

· the syntax element frame_packing_arrangement_type set to 4 for Top-and-Bottom.
· 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;
and shall be processed by the receiver
Any of the frame packing SEI messages shall present only in RAPs.

SEI Message Dynamics
The SEI messages shall not be changed in CVS.

5.1.6
Chocolate H.265/HEVC

This operation targets simple and efficient deployments based on H.265/HEVC.
Video Decoder
The video decoder expresses a receiver that is capable to decode a bitstream following profile/level constraints as well as additional restrictions
-
V3) H.265/HEVC Main-10 Profile Main Tier Profile Level 5.1 [X] for HEVC

Spatial Resolution of decoded video signal

This defines the permitted resolution of the decoded video signal.

For the spatial resolution of the decoded video all permitted resolutions following video profile/level restriction are permitted.

NOTE: Please check if any further restrictions are beneficial
Picture Aspect ratio

Limited by profile and level, with the codecs it is max of  8:1 or 1:8.
NOTE: Please check if any further restrictions are beneficial
Frame Rates of the decoded video signal

This defines the permitted frame rates of the decoded video signal.

The following frame rates are permitted:  24; 25; 30; 24/1.001; 30/1.001; 50; 60; 60/1.001  Hz.
In addition, the maximum number of macroblocks per second is restricted and certain spatial resolutions may then also imply restrictions on the frame rate.
NOTE: Please check if any further restrictions or extension are beneficial. This should be based on use cases and/or implementation issues

Chroma Subsampling

For all operation points, 4:2:0 chroma sub-sampling shall be used.
Chroma Format

Y'CbCr (non-constant luminance) as the Chroma Format shall be used.
Colour space formats

The following colour space formats may be used depending on the Operation Point for the decoded video signal: 
-
ITU-R BT.709 [3] 
-
ITU-R BT.2020 [4]
NOTE: Please check if there are any implementation issus with processing BT.2020
Transfer characteristics
The following transfer characteristics formats may be used depending on the Operation Point for the decoded video signal: 
· BT.709 [3] 

· 
· NOTE: Please check if there are any implementation issus with processing BT.2100
Bit depth: 

The following bit depth for the signal may be used:

· 8 bit 
· 10 bit
Projection Formats:
The following projection formats may be used depending on the Operation Point:

· ERP, signalled by the equirectangular projection SEI message (payloadType equal to 150) with erp_guard_band_flag equal to 0
Sphere Rotation 

The sphere rotation SEI message (payloadType equal to 154) shall not be present.


Region-wise Packing
The region-wise packing SEI message (payloadType equal to 155) shall not be present.

 
[considered option 
the region-wise packing SEI message (payloadType equal to 155) may be present with the following restrictions (to support coverage restriction): 

· The constituent_picture_matching_flag is set to 0 only (region-wise packing for monoscopic)

· The num_packed_regions is set to 1

· The rwp_transform_type[ i ] value is set to 0 only (no transform)
· The rwp_guard_band_flag[i] is set to 0 only (no guardband)
and shall be processed by the receiver]

NOTE: Addting option his should be based on use case (for extensions) and implementation problems (for restrictions)
Stereo signals and Frame-Packing Arrangement SEI
The frame-packing arrangement (payloadType equal to XXX) shall not be present
SEI Message Dynamics
The SEI messages shall not be changed in CVS.

5.1.7
Stracciatella H.265/HEVC

This operation targets advanced deployments based on H.265/HEVC.
Video Decoder
The video decoder expresses a receiver that is capable to decode a bitstream following profile/level constraints as well as additional restrictions
-
V3) H.265/HEVC Main-10 Profile Main Tier Profile Level 5.1 [X] for HEVC

Spatial Resolution of decoded video signal

This defines the permitted resolution of the decoded video signal.

For the spatial resolution of the decoded video all permitted resolutions following video profile/level restriction are permitted.

NOTE: Please check if any further restrictions are beneficial
Picture Aspect ratio

Limited by profile and level, with the codecs it is max of  8:1 or 1:8.
NOTE: Please check if any further restrictions are beneficial
Frame Rates of the decoded video signal

This defines the permitted frame rates of the decoded video signal.

The following frame rates are permitted:  24; 25; 30; 24/1.001; 30/1.001; 50; 60; 60/1.001  Hz.
In addition, the maximum number of macroblocks per second is restricted and certain spatial resolutions may then also imply restrictions on the frame rate.
NOTE: Please check if any further restrictions or extension are beneficial. This should be based on use cases and/or implementation issues

Chroma Subsampling

For all operation points, 4:2:0 chroma sub-sampling shall be used.
Chroma Format

Y'CbCr (non-constant luminance) as the Chroma Format shall be used.
Colour space formats

The following colour space formats may be used depending on the Operation Point for the decoded video signal: 
-
ITU-R BT.709 [3] 
-
ITU-R BT.2020 [4]
Transfer characteristics
The following transfer characteristics formats may be used depending on the Operation Point for the decoded video signal: 
· BT.709 [3] 

· BT.2020 [4] non-constant luminance transfer characteristics or the electro-optical transfer function as defined in Recommendation ITU‑R BT.2100 [11] for the Perceptual Quantization (PQ) system.
Bit depth: 

The following bit depth for the signal may be used:

· 8 bit 
· 10 bit
Projection Formats:
The following projection formats may be used depending on the Operation Point:

· ERP, signalled by the equirectangular projection SEI message (payloadType equal to 150) with erp_guard_band_flag equal to 0
· CMP, signalled by the cubemap projection SEI message (payloadType equal to 151)

Sphere Rotation 

the sphere rotation SEI message (payloadType equal to 154) may be present and shall be processed by the receiver. 


Region-wise Packing
The region-wise packing SEI message (payloadType equal to 155) may be present in an unrestricted manner and shall be processed by the receiver.

The SEI message may change with every CVS.

NOTE: Please check if any other restrictions and subsets are necessary, i.e. adding a new mode. This should be based on use cases (for extensions) and implementation problems (for restrictions)
Stereo signals and Frame-Packing Arrangement SEI
· The frame packing arrangement SEI message may be present with 

· the syntax element frame_packing_arrangement_type set to 4 for Top-and-Bottom.
· 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;
and shall be processed by the receiver
· the frame packing arrangement SEI message may be present with 

· the syntax element frame_packing_arrangement_type set to 3 for SbS.
· 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;
and shall be processed by the receiver
· 
· 
· 
· 
· 
· 

NOTE: Please check if any other restrictions and subsets are necessary, i.e. adding a new mode. This should be based on use cases (for extensions) and implementation problems (for restrictions)

SEI Message Dynamics
The SEI messages shall not be changed in CVS.]
************************************  END OF CHANGES ***************************************
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