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=====  CHANGE =====
[bookmark: _Toc210596095][bookmark: _Toc191022722]4.4.3.4	Stereoscopic format
The 3GPP Stereoscopic format uses a two-component video signal, one component for the left eye and another component for the right eye as defined in Table 4.4.3-1. The components for each eye follow the specifications of the 3GPP HDR format, but there are some restrictions and extensions, namely:
-	Only 4:2:0 colour subsampling is used.
-	Frame rates include high frame rate for movies, namely 48 fps.
-	the spatial resolution for each component is restricted to a maximum value of 4K (3840 × 2160).
-	Only the Non-Constant Luminance YCbCr signal format is used.
-	Square picture aspect ratios are supported for different screen sizes.
The definition of the 3GPP Stereoscopic format based on the parameters defined in Table 4.4.2-1 is provided in Table 4.4.3.4-1.
Table 4.4.3.4-1	Video Signal Parameters for 3GPP Stereoscopic format 
	Parameter
	Settings

	Stereoscopic Video
	A video signal for the left and for the right eye is provided whereby the signals shall have identical parameters for all parameters except for the view identifier and with the restrictions below. The frames are time- synchronized.


	Signal parameters for each of the two views with restrictions

	
	View identifier
	left or right

	
	Picture aspect ratio
	Shall be set to 16:9, 1:1. 

	
	Spatial Resolution width x height
	Should be set to 3840 × 2160, 1920 × 1080, 2048 × 2048, 1024 × 1024. 
However, other resolutions are permitted.

NOTE 1: 	Down-sampled resolutions may be created for distribution, for example in case of adaptive streaming.
NOTE 2: 	To accommodate the block coding structure of a given specification, quite often the encoded signal may be padded. In such cases, normative cropping is typically applied to remove spatial samples that are not intended to be presented.

	
	Scan Type
	The source scan type of the pictures as defined in clause 7.3 of Rec. ITU-T H.273 [6] shall be progressive

	
	Chroma format indicator
	The chroma format indicator shall 4:2:0. 

	
	Bit depth
	The permitted values are 8 or 10 bit. 8 bit is only permitted for SDR.

	
	Colour primaries
Transfer Characteristics
Matrix Coefficients
	Only the following value combinations are permitted: (1, 1, 1), (9, 14, 9),  (9, 16, 9), and (9, 18, 9) for SDR HD, SDR UHD, HDR PQ, and HDR HLG, respectively.

	
	Frame rates
	The permitted values are 60, 60/1.001, 48, 48/1.001, 50, 30, 30/1.001, 25, 24, 24/1.001 fps.

	
	Frame packing
	The permitted values are no frame packing, side-by-side, top-and-bottom.

	
	Projection
	No projection is used.

	
	Sample aspect ratio
	The pixel aspect ratio shall be 1 (square pixel), i.e. only the value 1 as defined in clause 7.3 of Rec. ITU-T H.273 [6] is permitted.

	
	Chroma sample location type
	For SDR HD, the location of chroma samples relative to the luma samples for progressive frames as defined in Rec. ITU-T H.273 [6], clause 8.7 shall be set to 0.
For SDR UHD, HDR PQ, and HDR HLG, the location of chroma samples relative to the luma samples for progressive frames as defined in Rec. ITU-T H.273 [6], clause 8.7, shall be set to 2.

	
	Range
	The restricted video range shall be used.  

	Common parameters

	
	Hero eye
	Left or right
If absent, no hero eye is specified.

	
	Reference display parameter
	Parameters include
-	reference display width
-	optionally, a reference viewing distance,
-	optionally, a sample shift values to adjust stereo alignment.
If absent, no reference display parameters are specified.



=====  CHANGE =====
[bookmark: _Toc191022726][bookmark: _Toc210596099]4.5.3	HEVC Bitstreams
The following definitions are provided for HEVC/ITU-T H.265 [5] bitstreams.
For an HEVC/ITU-T H.265 [5] bitstream, progressive constraints are defined that the following flags in the active Sequence Parameter Set (SPS): 
 -	general_progressive_source_flag shall be set to 1, 
-	general interlaced_source_flag shall be set to 0, 
-	general_non_packed_constraint_flag shall be set to 1, and 
-	general_frame_only_constraint_flag shall be set to 1.
For an HEVC/ITU-T H.265 [5] bitstream, VUI constraints are defined:
-	Video Parameter Sets (VPS) NAL units as defined in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [5] may be present, but the Bitstream shall be valid if the Receiver ignores the VPS.
-	The Video Usability Information (VUI) is present in the active Sequence Parameter Set, i.e. the vui_parameters_present_flag shall be set to 1. 
-	In the VUI, 
-	the aspect ratio information is present, i.e. the aspect_ratio_info_present_flag value shall be set to 1,
-	the colour parameter information is present, i.e.  video_signal_type_present_flag value shall be set to 1 and the colour_description_present_flag value shall be set to 1.
-	only video range signals are used, i.e. the video_full_range_flag shall be set to 0,
-	no overscan signalling is present, i.e. the overscan_info_present_flag shall be set to 0,
-	the chroma location shall be signalled, i.e. chroma_loc_info_present_flag shall be set to 1,
-	the timing information may be present. When the timing information is present, the values of vui_num_units_in_tick and vui_time_scale shall be consistent with the frame rates allowed for each operation point and with the timing information signalled at the system level.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 for each operation point. 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.
For an HEVC/ITU-T H.265 [5] bitstream, frame-packing constraints are defined:
-	the following flags in the active Sequence Parameter Set (SPS): 
 -	general_progressive_source_flag shall be set to 1, 
-	general interlaced_source_flag shall be set to 0, 
-	general_non_packed_constraint_flag shall be set to 0, and 
-	general_frame_only_constraint_flag shall be set to 1.
-	The frame packing arrangement SEI message shall be present with the following characteristics:
-	The value of frame_packing_arrangement_type shall be set to either the value of 3 for the side-by-side packing arrangement, or the value of 4 for the top-bottom/over-under packing arrangement.
-	The value of quincunx_sampling_flag shall be set to 0.
-	The value of content_interpretation_type shall be set to either 1 (left view first) or 2 (right view first).
NOTE: 	the hero eye, if provided in the representation format, may be indicated with the content_interpretation_type. -	The value of spatial_flipping_flag shall be set to 0.
-	The value of frame0_flipped_flag shall be set to 0.
-	The value of field_views_flag shall be set to 0.
-	The value of current_frame_is_frame0_flag shall be set to 0.
-	The values of frame0_grid_position_x, frame0_grid_position_y, frame1_grid_position_x, and frame1_grid_position_y shall each be set to 0. 
-	The value of upsampled_aspect_ratio_flag shall be set to 0, indicating the presence of full resolution frame packed video.
-	All parameters of the frame packing arrangement SEI message shall remain the same for the entire bitstream.

=====  CHANGE =====
[bookmark: _Toc181014543]5.3.2	Single-layer HEVC Decoding Capabilities
The following single-layer HEVC decoding capabilities are defined:
-	HEVC-HD-Dec: the capability to decode 
-	a bitstream containing a single sub-bitstream conforming to HEVC/ITU-T H.265 Main Profile, Main Tier, Level 3.1 [5] with progressive constraints as defined in clause 4.5.3, or
-	a bitstream containing multiple layers where the base layer sub-bitstream conforms to HEVC/ITU-T H.265 Main Profile, Main Tier, Level 3.1 [5] with progressive constraints as defined in clause 4.5.3.
-	HEVC-FullHD-Dec: the capability to decode 
-	a bitstream containing a single sub-bitstream conforming to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] with progressive constraints as defined in clause 4.5.3, or
-	a bitstream containing multiple layers where the base layer sub-bitstream conforms to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] with progressive constraints as defined in clause 4.5.3.
-	HEVC-UHD-Dec: the capability to decode 
-	a bitstream containing a single sub-bitstream conforming to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 5.1 [5] with progressive constraints as defined in clause 4.5.3, or
-	a bitstream containing multiple layers where the base layer sub-bitstream conforms to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 5.1 [5] with progressive constraints as defined in clause 4.5.3.
-	HEVC-8K-Dec: the capability to decode bitstreams conforming to HEVC/ITU-T H.265 Main10 Profile, Main Tier, Level 6.1 [5] bitstreams with progressive and VUI constraints as defined in clause 4.5.3 and further constraints:
-	the bitstream does not exceed the maximum luma picture size in samples of 33,554,432,
-	the maximum VCL Bit Rate is constrained to be 80 Mbps with CpbVclFactor and CpbNalFactor being fixed to be 1000 and 1100, respectively.
-	MV-HEVC-Main-Dual-layers-UHD420-Dec: the capability to decode bitstreams with 
-	an HEVC/ITU-T H.265 Main 10 Profile base layer (nuh_layer_id=0), 
-	and a single enhancement layer (nuh_layer_id!=0) that is tagged as an HEVC/ITU-T H.265 Multiview Main 10 layer [5],
-	where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.
NOTE:	Both layers are in 4:2:0 format and inter-layer prediction is possible.
NOTE:	HEVC decoders with this decoding capability are also capable to decode bitstreams with a Main Profile base layer, and a single enhancement Multiview Main layer (with nuh_layer_id!=0), with the same tier and level restrictions as above, as specified by H.265/HEVC [5].
-	MV-HEVC-Ext-Dual-layers-UHD420-Dec: the capability to decode bitstreams with 
-	an HEVC/ITU-T H.265 Main 10 Profile base layer (nuh_layer_id=0), 
-	and a single enhancement layer (nuh_layer_id!=0) that is tagged as an HEVC/ITU-T H.265 Multiview Extended 10 layer [5]. 
-	where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.
NOTE:	Both layers are in 4:2:0 format and inter-layer prediction is possible.
NOTE:	HEVC decoders with this decoding capability can also decode bitstreams with a Main Profile base layer, and a single enhancement Multiview Extended layer (nuh_layer_id!=0), with the same tier and level restrictions as above, as specified by H.265/HEVC [5].
-	HEVC-Frame-Packed-Stereo-Dec: the capability to decode a bitstream conforming to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 6.0 [5] bitstreams with frame-packing and VUI constraints as defined in clause 4.5.3 
NOTE: 	The increase from Level 5.2 for MV-HEVC-Main-Dual-layers-UHD420-Dec to Level 6.0 in HEVC-Frame-Packed-Stereo-Dec is only to handle larger buffers per frame. There is no increase in the pixels/second between the two capabilities.

=====  CHANGE =====
5.3.3	Multi-layer HEVC Decoding Capabilities
The following dual-layer HEVC decoding capabilities are defined:
-	MV-HEVC-Main-Dual-layers-UHD420-Dec: the capability to decode bitstreams with 
-	an HEVC/ITU-T H.265 Main 10 Profile base layer (nuh_layer_id=0), 
-	and a single enhancement layer (nuh_layer_id!=0) that is tagged as an HEVC/ITU-T H.265 Multiview Main 10 layer [5],
-	where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.
NOTE:	Both layers are in 4:2:0 format and inter-layer prediction is possible.
NOTE:	HEVC decoders with this decoding capability are also capable to decode bitstreams with a Main Profile base layer, and a single enhancement Multiview Main layer (with nuh_layer_id!=0), with the same tier and level restrictions as above, as specified by H.265/HEVC [5].
-	MV-HEVC-Ext-Dual-layers-UHD420-Dec: the capability to decode bitstreams with 
-	an HEVC/ITU-T H.265 Main 10 Profile base layer (nuh_layer_id=0), 
-	and a single enhancement layer (nuh_layer_id!=0) that is tagged as an HEVC/ITU-T H.265 Multiview Extended 10 layer [5]. 
-	where each layer conforms to Main Tier, Level 5.1 and where UE should be capable of supporting single layer decoding of HEVC/ITU-T H.265 Main 10 Profile bitstreams at Main Tier, Level 5.2.
NOTE:	Both layers are in 4:2:0 format and inter-layer prediction is possible.
NOTE:	HEVC decoders with this decoding capability can also decode bitstreams with a Main Profile base layer, and a single enhancement Multiview Extended layer (nuh_layer_id!=0), with the same tier and level restrictions as above, as specified by H.265/HEVC [5].

=====  CHANGE =====
[bookmark: _Toc191022746][bookmark: _Toc210596124]6.3.2.2	Bitstream Requirements
A 3GPP-HEVC-HD Bitstream shall conform to the following requirements
-	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] bitstreams with progressive and VUI constraints as defined in clause 4.5.3.
-	the Representation Format included in the Bitstream shall conform to the 3GPP-HD Representation format as defined in clause 4.4.3.2.
-	the Bitstream shall be decodable by a decoder with HEVC-FullHD-Dec decoding capabilities.
Based on this, the following additional restrictions apply
-	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
-	The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
-	In the VUI, the values of colour_primaries, transfer_characteristics and matrix_coeffs each shall be set to 1.	
-	The value of chroma_sample_loc_type_top_field shall be set to 0.
The timing information may be present.	Comment by Thomas Stockhammer (25/11/20): Included in VUI constraints
-	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 for each operation point. 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_pic_rate_general_flag value, if present, shall be set to 1.

=====  CHANGE =====
[bookmark: _Toc191022750][bookmark: _Toc210596128]6.3.3.2	Bitstream Requirements
A 3GPP-HEVC-HDR Bitstream shall conform to the following requirements
-	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 4.1 [5] bitstreams with progressive and VUI constraints as defined in clause 4.5.3.
-	the Representation Format included in the Bitstream shall conform to the 3GPP HDR Representation format as defined in clause 4.4.3.3.
-	the Bitstream shall be decodable by a decoder with HEVC-FullHD-Dec decoding capabilities as defined in clause 5.3.2.
Based on this, the following additional restrictions apply
-	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
-	The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
-	In the VUI, the values of colour_primaries and matrix_coeffs each shall be set to 9, and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
-	The value of the chroma_sample_loc_type_top_field shall be set to 2.

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 for each operation point. 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_pic_rate_general_flag value, if present, shall be set to 1.

=====  CHANGE =====
[bookmark: _Toc210596132]6.3.4.2	Bitstream Requirements
A 3GPP-HEVC-UHD Bitstream shall conform to the following requirements
-	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 5.1 [5] bitstreams with progressive and VUI constraints as defined in clause 4.5.3.
-	the Representation Format included in the Bitstream shall conform to the 3GPP HDR Representation format as defined in clause 4.4.3.3.
-	the Bitstream shall be decodable by a decoder with HEVC-UHD-Dec decoding capabilities as defined in clause 5.3.2.
Based on this, the following additional restrictions apply
-	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
-	The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
-	In the VUI, the values of colour_primaries and matrix_coeffs each shall be set to 9, and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
-	The value of the chroma_sample_loc_type_top_field shall be set to 2.

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 for each operation point. 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_pic_rate_general_flag value, if present, shall be set to 1.

=====  CHANGE =====
[bookmark: _Toc210596136]6.3.5.2	Bitstream Requirements
A 3GPP-HEVC-Stereo Bitstream shall conform to the following requirements
-	the Representation Format included in the Bitstream shall conform to the 3GPP Stereoscopic format as defined in clause 4.4.3.4.
-	the Bitstream shall conform to HEVC/ITU-T H.265 Main 10 Profile, Main Tier, Level 5.2 [5] bitstreams with frame-packing constraints as defined in clause 4.5.3.
-	the Bitstream shall be decodable by a decoder with HEVC-Stereo-Dec decoding capabilities as defined in clause 5.3.2.
Based on this, the following additional restrictions apply
-	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
-	In the VUI, either
-	the values of colour_primaries, transfer_characteristics and matrix_coeffs each shall be set to 1.	
-	The value of chroma_sample_loc_type_top_field shall be set to 0.
-	or
-	the values of colour_primaries and matrix_coeffs each shall be set to 9, and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
-	The value of the chroma_sample_loc_type_top_field shall be set to 2.

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 for each operation point. 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_pic_rate_general_flag value, if present, shall be set to 1.
Bitstreams not required to be associated with frame packing information for all coded video sequences. It is also possible that such information, when present, may defer from one coded video sequence to another.
=====  CHANGE =====
6.3.6.2	Common Bitstream Requirements
A 3GPP-MV-HEVC-Stereo Bitstream shall conform to the following requirements
1)	the Representation Format included in the Bitstream shall conform to the 3GPP Stereoscopic format as defined in clause 4.4.3.4.
2)	The bitstream shall conform to the constraints specified in a dual-layer MV-HEVC decoding capability as defined in this clause 5.3.2 and the progressive and VUI constraints as defined in clause 4.5.3. In addition, the base layer shall conform to the progressive constraints as defined in clause 4.5.3.
3)	The bitstream shall contain a first output layer set containing the layer (nuh_layer_id = 0) which follows the constraints specified in the HEVC-UHD-Dec decoding capabilities as defined in clause 5.3.2. 
NOTE: 	the hero eye, if provided in the representation format, can be indicated with this first output layer set. 
4)	The bitstream shall contain a second output layer set containing the layer (nuh_layer_id = 0) as output layer and a second layer as output layer which follows the constraints specified in the dual-layer MV-HEVC decoding capability as defined in clause 5.3.2. This second layer corresponds to a scalability dimension of type Multiview.
NOTE:	Although the operating point allows for layers in the bitstream that are not output layers, the added storage and/or transport capacity needed for such layers need to be taken into account when provisioning a service.
5)	In the VPS,
-	The value vps_num_layer_sets_minus1 shall be equal to or greater than 1.
-	The value layer_id_included_flag[ 1 ][ 0 ] shall be equal to 1 and there shall be a value of j with j different from 0 for which layer_id_included_flag[ 1 ][ j ] is equal to 1.
NOTE: 	This implements constraint 4) from above into the VPS without an explicit assignment of the layer id to the second output layer.
-	The value of scalability_mask_flag[ 1 ] shall be equal to 1.
-	The value of ScalabilityId[ 1 ][ 1 ] shall be derived equal to 1.
-	The value of default_output_layer_idc shall be equal to 0.
NOTE: 	These three constraints document that view scalability is used for the second layer.
-	The direct_dependency_flag [ j ] [ 0 ] may either be set to 0 or to 1. 	
NOTE:	This implies, that layer-dependency is possible, but not needed. The two layers may be independent (if set to 0), or the second layer depends on the base layer (if set to 1). 
6)	The chroma sub-sampling shall be 4:2:0 and the value of chroma_format_idc shall be set to 1.
7)	In the VUI,
	-	The aspect_ratio_idc value shall be set to 1, indicating a square pixel format.
	-	Either,
-	the values of colour_primaries, transfer_characteristics and matrix_coeffs each shall be set to 1.
-	The value of chroma_sample_loc_type_top_field shall be set to 0.
	-	or
-	the values of colour_primaries and matrix_coeffs each shall be set to 9, and the value of transfer_characteristics shall be set to one of the following values: 14 (for SDR with WCG), 16 (for PQ) and 18 (for HLG).
-	The value of the chroma_sample_loc_type_top_field shall be set to 2.
8)	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 for each operation point. 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_pic_rate_general_flag value, if present, shall be set to 1.
89)	The Bitstream shall include the three_dimensional_reference_displays_info SEI message as specified in Recommendation ITU-T H.265 / ISO/IEC 23008-2 [5] with the following constraints:
-	The value of num_ref_displays_minus1 shall be set to 0.
-	The value of the left_view_id [ 0 ] shall be set to the corresponding value defined in the view_id_val parameter.
-	The value of the right_view_id [ 0 ] shall be set to the corresponding value defined in the view_id_val parameter and shall be different to the left_view_id [ 0 ].
NOTE: 	This allows to assign right and left eye of a stereo representation signal when using this operation point. 
-	The remaining parameters may be set based on available reference display parameter as defined in clause 4.4. In the absence of such information, the following parameters may be set:
-	The prec_ref_display_width is set to 31.
-	The ref_viewing_distance_flag is set to 0. 
-	The exponent_ref_display_width[0] and mantissa_ref_display_width[0] are both set to 0.
-	The additional_shift_present_flag[0] and the three_dimensional_reference_displays_extension_flag are both set to 0.
VPS NAL units may be present in the bitstream or conveyed by other means. If conveyed by other means, the Recommendation ITU-T H.265 / ISO/IEC 23008-2 [5] requires the VPS NAL units to be available to the decoding process in a timely fashion.


