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Abstract

This document is a draft prepared for study of potential modifications to the text of the HEVC standard to enable additional picture repetition periods. Red font colour and highlighting is used to show the modified portions of the text.
Modified semantics
D.3.3
Picture timing SEI message semantics

The picture timing SEI message provides CPB removal delay and DPB output delay information for the access unit associated with the SEI message.

When the buffering period SEI message is non-nested or is directly contained in a scalable nesting SEI message within an SEI NAL unit with nuh_layer_id equal to 0, the following applies for the picture timing SEI message syntax and semantics:

–
The syntax elements sub_pic_hrd_params_present_flag, sub_pic_cpb_params_in_pic_timing_sei_flag, au_cpb_removal_delay_length_minus1, dpb_output_delay_length_minus1, dpb_output_delay_du_length_minus1, du_cpb_removal_delay_increment_length_minus1, and the variable CpbDpbDelaysPresentFlag are found in or derived from syntax elements found in the hrd_parameters( ) syntax structure that is applicable to at least one of the operation points to which the picture timing SEI message applies.

–
The bitstream (or a part thereof) refers to the bitstream subset (or a part thereof) associated with any of the operation points to which the picture timing SEI message applies.
NOTE 1 – The syntax of the picture timing SEI message is dependent on the content of the hrd_parameters( ) syntax structures applicable to the operation points to which the picture timing SEI message applies. These hrd_parameters( ) syntax structures are in either or both of the VPS and the SPS that are active for the coded picture associated with the picture timing SEI message. When the picture timing SEI message is associated with an IRAP access unit with NoRaslOutputFlag equal to 1, unless it is preceded by an active parameter sets SEI message within the same access unit, the activation of the VPS and the SPS (and, for IRAP pictures with NoRaslOutputFlag equal to 1 that are not the first picture in the bitstream in decoding order, the determination that the coded picture is an IRAP access unit with NoRaslOutputFlag equal to 1) does not occur until the decoding of the first coded slice segment NAL unit of the coded picture. Since the coded slice segment NAL unit of the coded picture follows the picture timing SEI message in NAL unit order, there may be cases in which it is necessary for a decoder to store the RBSP containing the picture timing SEI message until determining the active VPS and the active SPS for the coded picture, and then perform the parsing of the picture timing SEI message.

The presence of picture timing SEI messages for an operation point including the base layer is specified as follows:

–
If frame_field_info_present_flag is equal to 1 or CpbDpbDelaysPresentFlag is equal to 1, a picture timing SEI message applicable to the operation point shall be associated with every access unit in the CVS.

–
Otherwise, in the CVS there shall be no access unit that is associated with a picture timing SEI message applicable to the operation point.

When the picture timing SEI message is not nested or is directly contained in a scalable nesting SEI message within an SEI NAL unit with nuh_layer_id equal to 0, the semantics of pic_struct, source_scan_type, and duplicate_flag apply to the picture with nuh_layer_id equal to 0 and are specified in the following paragraphs.

NOTE 2 – When the picture timing SEI message is directly contained in a scalable nesting SEI message within an SEI NAL unit with nuh_layer_id greater than 0 or is contained in a bitstream partition nesting SEI message specified in Annex F, the semantics of pic_struct, source_scan_type, and duplicate_flag are specified in Annex F. The frame-field information SEI message specified in Annex F can be used to indicate pic_struct, source_scan_type, and duplicate_flag for non-base layers.

pic_struct indicates whether a picture should be displayed as a frame or as one or more fields and, for the display of frames when fixed_pic_rate_within_cvs_flag is equal to 1, may indicate a frame doubling, tripling, quadrupling, or quintupling repetition period for displays that use a fixed frame refresh interval equal to DpbOutputElementalInterval[ n ] as given by Equation E‑70. The interpretation of pic_struct is specified in Table D.2. The value 15 for pic_struct, which is shown as "Reserved" in Table D.2, is reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore the value 15 for pic_struct.
When present, it is a requirement of bitstream conformance that the value of pic_struct shall be constrained such that exactly one of the following conditions is true:

–
The value of pic_struct is equal to 0, 7, 8, 13, or 14 for all pictures in the CVS.

–
The value of pic_struct is equal to 1, 2, 9, 10, 11, or 12 for all pictures in the CVS.

–
The value of pic_struct is equal to 3, 4, 5, or 6 for all pictures in the CVS.

When fixed_pic_rate_within_cvs_flag is equal to 1, the following applies:

–
frame doubling is indicated by pic_struct equal to 7, which indicates that the frame should be displayed two times consecutively on displays with a frame refresh interval equal to DpbOutputElementalInterval[ n ] as given by Equation E‑70.

–
frame tripling is indicated by pic_struct equal to 8, which indicates that the frame should be displayed three times consecutively on displays with a frame refresh interval equal to DpbOutputElementalInterval[ n ] as given by Equation E‑70.
–
Frame quadrupling is indicated by pic_struct equal to 13, which indicates that the frame should be displayed four times consecutively on displays with a frame refresh interval equal to DpbOutputElementalInterval[ n ] as given by Equation E‑70. When DpbOutputElementalInterval[ n ] is greater than or equal to 1  60, pic_struct shall not be equal to 13.
–
Frame quintupling is indicated by pic_struct equal to 14, which indicates that the frame should be displayed five times consecutively on displays with a frame refresh interval equal to DpbOutputElementalInterval[ n ] as given by Equation E‑70. When DpbOutputElementalInterval[ n ] is greater than or equal to 1  60, pic_struct shall not be equal to 14.
NOTE 3 – Frame doubling can be used to facilitate the display, for example, of 25 Hz progressive-scan video on a 50 Hz progressive-scan display or 30 Hz progressive-scan video on a 60 Hz progressive-scan display. Using frame doubling and frame tripling in alternating combination on every other frame can be used to facilitate the display of 24 Hz progressive-scan video on a 60 Hz progressive-scan display. Frame quadrupling a can be used to facilitate the display of 30 Hz progressive-scan video on a 120 Hz progressive-scan display or 25 Hz progressive-scan video on a 100 Hz progressive-scan display. Frame quintupling can be used to facilitate the display of 24 Hz progressive-scan video on a 120 Hz progressive-scan display.
The nominal vertical and horizontal sampling locations of samples in top and bottom fields for 4:2:0, 4:2:2, and 4:4:4 chroma formats are shown in Figure D.1, Figure D.2, and Figure D.3, respectively.

Association indicators for fields (pic_struct equal to 9 through 12) provide hints to associate fields of complementary parity together as frames. The parity of a field can be top or bottom, and the parity of two fields is considered complementary when the parity of one field is top and the parity of the other field is bottom.

When frame_field_info_present_flag is equal to 1, it is a requirement of bitstream conformance that the constraints specified in the third column of Table D.2 shall apply.

NOTE 4 – When frame_field_info_present_flag is equal to 0, then in many cases default values may be inferred or indicated by other means. In the absence of other indications of the intended display type of a picture, the decoder should infer the value of pic_struct as equal to 0 when frame_field_info_present_flag is equal to 0.

source_scan_type equal to 1 indicates that the source scan type of the associated picture should be interpreted as progressive. source_scan_type equal to 0 indicates that the source scan type of the associated picture should be interpreted as interlaced. source_scan_type equal to 2 indicates that the source scan type of the associated picture is unknown or unspecified. source_scan_type equal to 3 is reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall interpret the value 3 for source_scan_type as equivalent to the value 2.

The following applies to the semantics of source_scan_type:

–
If general_progressive_source_flag is equal to 0 and general_interlaced_source_flag is equal to 1, the value of source_scan_type shall be equal to 0 when present, and should be inferred to be equal to 0 when not present.

–
Otherwise, if general_progressive_source_flag is equal to 1 and general_interlaced_source_flag is equal to 0, the value of source_scan_type shall be equal to 1 when present, and should be inferred to be equal to 1 when not present.

–
Otherwise, when general_progressive_source_flag is equal to 0 and general_interlaced_source_flag is equal to 0, the value of source_scan_type shall be equal to 2 when present, and should be inferred to be equal to 2 when not present.

duplicate_flag equal to 1 indicates that the current picture is indicated to be a duplicate of a previous picture in output order. duplicate_flag equal to 0 indicates that the current picture is not indicated to be a duplicate of a previous picture in output order.

NOTE 5 – The duplicate_flag should be used to mark coded pictures known to have originated from a repetition process such as 3:2 pull-down or other such duplication and picture rate interpolation methods. This flag would commonly be used when a video feed is encoded as a field sequence in a "transport pass-through" fashion, with known duplicate pictures tagged by setting duplicate_flag equal to 1.

NOTE 6 – When field_seq_flag is equal to 1 and duplicate_flag is equal to 1, this should be interpreted as an indication that the access unit contains a duplicated field of the previous field in output order with the same parity as the current field unless a pairing is otherwise indicated by the use of a pic_struct value in the range of 9 to 12, inclusive.

Table D.2 – Interpretation of pic_struct

	Value
	Indicated display of picture
	Restrictions

	0
	(progressive) frame
	field_seq_flag shall be equal to 0

	1
	top field
	field_seq_flag shall be equal to 1

	2
	bottom field
	field_seq_flag shall be equal to 1

	3
	top field, bottom field, in that order
	field_seq_flag shall be equal to 0

	4
	bottom field, top field, in that order
	field_seq_flag shall be equal to 0

	5
	top field, bottom field, top field repeated, in that order
	field_seq_flag shall be equal to 0

	6
	bottom field, top field, bottom field repeated, in that order
	field_seq_flag shall be equal to 0

	7
	frame doubling
	field_seq_flag shall be equal to 0
fixed_pic_rate_within_cvs_flag shall be equal to 1

	8
	frame tripling
	field_seq_flag shall be equal to 0
fixed_pic_rate_within_cvs_flag shall be equal to 1

	9
	top field paired with previous bottom field in output order
	field_seq_flag shall be equal to 1

	10
	bottom field paired with previous top field in output order
	field_seq_flag shall be equal to 1

	11
	top field paired with next bottom field in output order
	field_seq_flag shall be equal to 1

	12
	bottom field paired with next top field in output order
	field_seq_flag shall be equal to 1

	13
	frame quadrupling
	field_seq_flag shall be 0
fixed_pic_rate_within_cvs_flag shall be equal to 1

	14
	frame quintupling
	field_seq_flag shall be 0
fixed_pic_rate_within_cvs_flag shall be equal to 1

	15
	Reserved
	Reserved


[..]

E.3.2
HRD parameters semantics

The hrd_parameters( ) syntax structure provides HRD parameters used in the HRD operations for a layer set. When the hrd_parameters( ) syntax structure is included in a VPS, the applicable layer set to which the hrd_parameters( ) syntax structure applies is specified by the corresponding hrd_layer_set_idx[ i ] syntax element in the VPS. When the hrd_parameters( ) syntax structure is included in an SPS, the layer set to which the hrd_parameters( ) syntax structure applies is the layer set for which the associated layer identifier list contains all nuh_layer_id values present in the CVS.

For interpretation of the following semantics, the bitstream (or a part thereof) refers to the bitstream subset (or a part thereof) associated with the layer set to which the hrd_parameters( ) syntax structure applies.
nal_hrd_parameters_present_flag equal to 1 specifies that NAL HRD parameters (pertaining to Type II bitstream conformance) are present in the hrd_parameters( ) syntax structure. nal_hrd_parameters_present_flag equal to 0 specifies that NAL HRD parameters are not present in the hrd_parameters( ) syntax structure.

NOTE 1 – When nal_hrd_parameters_present_flag is equal to 0, the conformance of the bitstream cannot be verified without provision of the NAL HRD parameters and all buffering period and picture timing SEI messages, by some means not specified in this Specification.

The variable NalHrdBpPresentFlag is derived as follows:

–
If one or more of the following conditions are true, the value of NalHrdBpPresentFlag is set equal to 1:

–
nal_hrd_parameters_present_flag is present in the bitstream and is equal to 1.

–
The need for presence of buffering periods for NAL HRD operation to be present in the bitstream in buffering period SEI messages is determined by the application, by some means not specified in this Specification.

–
Otherwise, the value of NalHrdBpPresentFlag is set equal to 0.

vcl_hrd_parameters_present_flag equal to 1 specifies that VCL HRD parameters (pertaining to all bitstream conformance) are present in the hrd_parameters( ) syntax structure. vcl_hrd_parameters_present_flag equal to 0 specifies that VCL HRD parameters are not present in the hrd_parameters( ) syntax structure.

NOTE 2 – When vcl_hrd_parameters_present_flag is equal to 0, the conformance of the bitstream cannot be verified without provision of the VCL HRD parameters and all buffering period and picture timing SEI messages, by some means not specified in this Specification.

The variable VclHrdBpPresentFlag is derived as follows:

–
If one or more of the following conditions are true, the value of VclHrdBpPresentFlag is set equal to 1:

–
vcl_hrd_parameters_present_flag is present in the bitstream and is equal to 1.

–
The need for presence of buffering periods for VCL HRD operation to be present in the bitstream in buffering period SEI messages is determined by the application, by some means not specified in this Specification.

–
Otherwise, the value of VclHrdBpPresentFlag is set equal to 0.

The variable CpbDpbDelaysPresentFlag is derived as follows:

–
If one or more of the following conditions are true, the value of CpbDpbDelaysPresentFlag is set equal to 1:

–
nal_hrd_parameters_present_flag is present in the bitstream and is equal to 1.

–
vcl_hrd_parameters_present_flag is present in the bitstream and is equal to 1.

–
The need for presence of CPB and DPB output delays to be present in the bitstream in picture timing SEI messages is determined by the application, by some means not specified in this Specification.

–
Otherwise, the value of CpbDpbDelaysPresentFlag is set equal to 0.

When NalHrdBpPresentFlag and VclHrdBpPresentFlag are both equal to 0, the value of CpbDpbDelaysPresentFlag shall be equal to 0.

sub_pic_hrd_params_present_flag equal to 1 specifies that sub-picture level HRD parameters are present and the HRD may operate at access unit level or sub-picture level. sub_pic_hrd_params_present_flag equal to 0 specifies that sub‑picture level HRD parameters are not present and the HRD operates at access unit level. When sub_pic_hrd_params_present_flag is not present, its value is inferred to be equal to 0.

tick_divisor_minus2 is used to specify the clock sub-tick. A clock sub-tick is the minimum interval of time that can be represented in the coded data when sub_pic_hrd_params_present_flag is equal to 1.

du_cpb_removal_delay_increment_length_minus1 plus 1 specifies the length, in bits, of the du_cpb_removal_delay_increment_minus1[ i ] and du_common_cpb_removal_delay_increment_minus1 syntax elements of the picture timing SEI message and the du_spt_cpb_removal_delay_increment syntax element in the decoding unit information SEI message.

sub_pic_cpb_params_in_pic_timing_sei_flag equal to 1 specifies that sub-picture level CPB removal delay parameters are present in picture timing SEI messages and no decoding unit information SEI message is available (in the CVS or provided through external means not specified in this Specification). sub_pic_cpb_params_in_pic_timing_sei_flag equal to 0 specifies that sub-picture level CPB removal delay parameters are present in decoding unit information SEI messages and picture timing SEI messages do not include sub-picture level CPB removal delay parameters. When the sub_pic_cpb_params_in_pic_timing_sei_flag syntax element is not present, it is inferred to be equal to 0.

dpb_output_delay_du_length_minus1 plus 1 specifies the length, in bits, of the pic_dpb_output_du_delay syntax element in the picture timing SEI message and the pic_spt_dpb_output_du_delay syntax element in the decoding unit information SEI message.

bit_rate_scale (together with bit_rate_value_minus1[ i ]) specifies the maximum input bit rate of the i-th CPB.

cpb_size_scale (together with cpb_size_value_minus1[ i ]) specifies the CPB size of the i-th CPB when the CPB operates at the access unit level.

cpb_size_du_scale (together with cpb_size_du_value_minus1[ i ]) specifies the CPB size of the i-th CPB when the CPB operates at sub-picture level.

initial_cpb_removal_delay_length_minus1 plus 1 specifies the length, in bits, of the nal_initial_cpb_removal_delay[ i ], nal_initial_cpb_removal_offset[ i ], vcl_initial_cpb_removal_delay[ i ], and vcl_initial_cpb_removal_offset[ i ] syntax elements of the buffering period SEI message. When the initial_cpb_removal_delay_length_minus1 syntax element is not present, it is inferred to be equal to 23.

au_cpb_removal_delay_length_minus1 plus 1 specifies the length, in bits, of the cpb_delay_offset syntax element in the buffering period SEI message and the au_cpb_removal_delay_minus1 syntax element in the picture timing SEI message. When the au_cpb_removal_delay_length_minus1 syntax element is not present, it is inferred to be equal to 23.

dpb_output_delay_length_minus1 plus 1 specifies the length, in bits, of the dpb_delay_offset syntax element in the buffering period SEI message and the pic_dpb_output_delay syntax element in the picture timing SEI message. When the dpb_output_delay_length_minus1 syntax element is not present, it is inferred to be equal to 23.

fixed_pic_rate_general_flag[ i ] equal to 1 indicates that, when HighestTid is equal to i, the temporal distance between the HRD output times of consecutive pictures in output order is constrained as specified below. fixed_pic_rate_general_flag[ i ] equal to 0 indicates that this constraint may not apply.

When fixed_pic_rate_general_flag[ i ] is not present, it is inferred to be equal to 0.

fixed_pic_rate_within_cvs_flag[ i ] equal to 1 indicates that, when HighestTid is equal to i, the temporal distance between the HRD output times of consecutive pictures in output order is constrained as specified below. fixed_pic_rate_within_cvs_flag[ i ] equal to 0 indicates that this constraint may not apply.

When fixed_pic_rate_general_flag[ i ] is equal to 1, the value of fixed_pic_rate_within_cvs_flag[ i ] is inferred to be equal to 1.

elemental_duration_in_tc_minus1[ i ] plus 1 (when present) specifies, when HighestTid is equal to i, the temporal distance, in clock ticks, between the elemental units that specify the HRD output times of consecutive pictures in output order as specified below. The value of elemental_duration_in_tc_minus1[ i ] shall be in the range of 0 to 2047, inclusive.

For each picture n that is output and not the last picture in the bitstream (in output order) that is output, the value of the variable DpbOutputElementalInterval[ n ] is specified by:

DpbOutputElementalInterval[ n ] = DpbOutputInterval[ n ]  DeltaToDivisor
(E‑70)

where DpbOutputInterval[ n ] is specified in Equation C-16 and DeltaToDivisor is specified in Table E.6 based on the value of frame_field_info_present_flag and pic_struct for the CVS containing picture n. Entries marked "-" in Table E.6 indicate a lack of dependence of DeltaToDivisor on the corresponding syntax element.

When HighestTid is equal to i and fixed_pic_rate_general_flag[ i ] is equal to 1 for a CVS containing picture n, the value computed for DpbOutputElementalInterval[ n ] shall be equal to ClockTick * ( elemental_duration_in_tc_minus1[ i ] + 1 ), wherein ClockTick is as specified in Equation C-1 (using the value of ClockTick for the CVS containing picture n) when one of the following conditions is true for the following picture in output order nextPicInOutputOrder that is specified for use in Equation C-16:

–
picture nextPicInOutputOrder is in the same CVS as picture n.

–
picture nextPicInOutputOrder is in a different CVS and fixed_pic_rate_general_flag[ i ] is equal to 1 in the CVS containing picture nextPicInOutputOrder, the value of ClockTick is the same for both CVSs, and the value of elemental_duration_in_tc_minus1[ i ] is the same for both CVSs.

When HighestTid is equal to i and fixed_pic_rate_within_cvs_flag[ i ] is equal to 1 for a CVS containing picture n, the value computed for DpbOutputElementalInterval[ n ] shall be equal to ClockTick * ( elemental_duration_in_tc_minus1[ i ] + 1 ), wherein ClockTick is as specified in Equation C-16  (using the value of ClockTick for the CVS containing picture n) when the following picture in output order nextPicInOutputOrder that is specified for use in Equation C-16 is in the same CVS as picture n.
Table E.6 – Divisor for computation of DpbOutputElementalInterval[ n ]
	frame_field_info_present_flag
	pic_struct
	DeltaToDivisor

	0
	-
	1

	1
	1
	1

	1
	2
	1

	1
	0
	1

	1
	3
	2

	1
	4
	2

	1
	5
	3

	1
	6
	3

	1
	7
	2

	1
	8
	3

	1
	9
	1

	1
	10
	1

	1
	11
	1

	1
	12
	1

	1
	13
	4

	1
	14
	5


low_delay_hrd_flag[ i ] specifies the HRD operational mode, when HighestTid is equal to i, as specified in Annex C or clause F.13. When not present, the value of low_delay_hrd_flag[ i ] is inferred to be equal to 0.

NOTE 3 – When low_delay_hrd_flag[ i ] is equal to 1, "big pictures" that violate the nominal CPB removal times due to the number of bits used by an access unit are permitted. It is expected, but not required, that such "big pictures" occur only occasionally.

cpb_cnt_minus1[ i ] plus 1 specifies the number of alternative CPB specifications in the bitstream of the CVS when HighestTid is equal to i. The value of cpb_cnt_minus1[ i ] shall be in the range of 0 to 31, inclusive. When not present, the value of cpb_cnt_minus1[ i ] is inferred to be equal to 0.
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