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Introduction
This document provides a draft of the hypothetical reference decoder for the atlas data. And operation of the hypothetical reference decoder for the V-PCC reconstruction. In response to the input contribution m48852 [1] the HRD for the atlas.
HRD Description for the 
1. [bookmark: _Toc503777951][bookmark: _Toc501130247][bookmark: _Toc423601782][bookmark: _Toc423599278][bookmark: _Toc415476003][bookmark: _Toc317198876][bookmark: _Toc311220025][bookmark: _Toc287363877][bookmark: _Ref276143024]Annex C

Hypothetical reference decoder

(This annex forms an integral part of this International Standard.)
4.1 [bookmark: _Toc503777952][bookmark: _Toc501130248][bookmark: _Toc423601783][bookmark: _Toc423599279][bookmark: _Toc415476004][bookmark: _Ref399017140][bookmark: _Ref399001502][bookmark: _Ref398993883][bookmark: _Ref348794313][bookmark: _Ref343161820][bookmark: _Ref343074744][bookmark: _Ref343024718][bookmark: _Ref343024208][bookmark: _Ref343023252][bookmark: _Toc317198877][bookmark: _Toc20134513][bookmark: _Ref19432892][bookmark: _Ref19428481][bookmark: _Toc15444306][bookmark: _Toc12699181][bookmark: _Toc12684721][bookmark: _Toc12253740][bookmark: _Toc9042149]General
This annex specifies the hypothetical reference decoder (HRD) and its use to check V-PCC patch bitstream and decoder conformance.
Two types of bitstreams or bitstream subsets are subject to HRD conformance checking for this Specification. The first type, called a Type I bitstream, is a ACL NAL unit stream containing only the ACL NAL units and NAL units with nal_unit_type equal to NAL_FD (filler data NAL units) for all access units in the bitstream. The second type, called a Type II bitstream, contains, in addition to the ACL NAL units and filler data NAL units for all access units in the patch bitstream, at least one of the following:
–	additional non-ACL NAL units other than filler data units,
Figure C.1 shows the types of bitstream conformance points checked by the Atlas sub-bitstream HRD.
[image: ]
[bookmark: _Ref33101618][bookmark: _Toc32860602][bookmark: _Toc503770542][bookmark: _Toc501130536][bookmark: _Toc423603383][bookmark: _Toc423602747][bookmark: _Toc415476416][bookmark: _Toc317198641][bookmark: _Toc287363914][bookmark: _Toc246350667][bookmark: _Toc77680711]Figure C.1 – Structure of Atlas NAL unit streams for HRD conformance checks

The syntax elements of non-ACL NAL units (or their default values for some of the syntax elements), required for the HRD, are specified in the semantic clauses of clause 7, and Annex D.
Two types of HRD parameter sets (NAL HRD parameters and non-ACL HRD parameters) are used. The HRD parameter sets are signalled through the asps_hrd_parameters( ) syntax structure, which is part of the ASPS syntax structure.
Multiple tests may be needed for checking the conformance of a bitstream, which is referred to as the bitstream under test. For each test, the following steps apply in the order listed:

1. An operation point under test, denoted as TargetOp, is set by selecting a target highest TemporalId value OpTid. The ACL NAL units present in entireAtlasBitstream or is specified by the active ASPS?. 
1. [bookmark: _Ref343178728]The asps_hrd_parameters( ) syntax structure in the active ASPS (or provided through some external means not specified in this Specification) that applies to TargetOp that is selected. Within the selected asps_hrd_parameters( ) syntax structure, if BitstreamToDecode is a Type I bitstream the variable NalHrdModeFlag is set equal to 0; otherwise (AtlasFrameBitstreamToDecode is a Type II bitstream). When AtlasFrameBitstreamToDecode is a Type II bitstream and NalHrdModeFlag is equal to 0, all non-ACL NAL units except filler data NAL units from the NAL unit stream (as specified in Annex B), when present, are discarded from AtlasFrameBitstreamToDecode and the remaining atlas frame bitstream is assigned to AtlasFrameBitstreamToDecode.
1. [bookmark: _Ref349919179]A coded atlas access unit associated with a buffering period SEI message (present in AtlasFrameBitstreamToDecode or available through external means not specified in this Specification) applicable to TargetOp is selected as the HRD initialization point and referred to as atlas access unit 0. 
1. For each atlas access unit in AtlasFrameBitstreamToDecode starting from atlas access unit 0, the buffering period SEI message (present in AtlasFrameBitstreamToDecode or available through external means not specified in this Specification) that is associated with the atlas access unit and applies to TargetOp is selected, the atlas frame timing SEI message (present in AtlasFrameBitstreamToDecode or available through external means not specified in this Specification) that is associated with the atlas access unit and applies to TargetOp is selected. 
1. A value of SchedSelIdx is selected. The selected SchedSelIdx shall be in the range of 0 to cab_cnt_minus1 inclusive, where cab_cnt_minus1 is found in the asps_hrd_parameters( ) syntax structure as selected above.
1. When the coded atlas frame in access unit 0 has nal_unit_type equal to NAL_CRA/GCRA or NAL_BLA_W_LP/NAL_GBLA_W_LP, and irap_cpab_params_present_flag in the selected buffering period SEI message is equal to 1, either of the following applies for selection of the initial CAB removal delay and delay offset:
[Ed. (ATA/VZ: check the necessity of having different  BLAs as well as CRAs, local?]
[bookmark: _Hlk18665045]–	If NalHrdModeFlag is equal to 1, the default initial CAB removal delay and delay offset represented by nal_initial_cab_removal_delay[ SchedSelIdx ] and nal_initial_cab_removal_offset[ SchedSelIdx ], respectively, in the selected buffering period SEI message are selected. Otherwise, the default initial CAB removal delay and delay offset represented by acl_initial_cab_removal_delay[ SchedSelIdx ] and acl_initial_cab_removal_offset[ SchedSelIdx ], respectively, in the selected buffering period SEI message are selected. The variable DefaultInitCabParamsFlag is set equal to 1.
–	If NalHrdModeFlag is equal to 1, the alternative initial CAB removal delay and delay offset represented by nal_initial_alt_cab_removal_delay[ SchedSelIdx ] and nal_initial_alt_cab_removal_offset[ SchedSelIdx ], respectively, in the selected buffering period SEI message are selected. Otherwise, the alternative initial CAB removal delay and delay offset represented by acl_initial_alt_cab_removal_delay[ SchedSelIdx ] and acl_initial_alt_cab_removal_offset[ SchedSelIdx ], respectively, in the selected buffering period SEI message are selected. The variable DefaultInitCafbParamsFlag is set equal to 0, and the RASL access units associated with access unit 0 are discarded from AtlasFrameBitstreamToDecode and the remaining bitstream is assigned to AtlasFrameBitstreamToDecode.
[bookmark: _Ref343176600]Each conformance test consists of a combination of one option in each of the above steps. When there is more than one option for a step, for any particular conformance test only one option is chosen. All possible combinations of all the steps form the entire set of conformance tests. For each operation point under test, the number of bitstream conformance tests to be performed is equal to n0 * n1 * ( n2 * 2 + n3 ) * n4, where the values of n0, n1, n2, n3 and n4 are specified as follows:
–	n0 is derived as follows:
–	If AtlasFrameBitstreamToDecode is a Type I bitstream, n0 is equal to 1.
–	Otherwise (AtlasFrameBitstreamToDecode is a Type II bitstream), n0 is equal to 2.
–	n1 is equal to cab_cnt_minus1 + 1.
–	n2 is the number of access units in AtlasFrameBitstreamToDecode that each is associated with a buffering period SEI message applicable to TargetOp and for each of which both of the following conditions are true:
–	nal_unit_type is equal to NAL_GCRA/GBLA for the ACL NAL units.
–	The associated buffering period SEI message applicable to TargetOp has irap_cab_params_present_flag equal to 1.
–	n3 is the number of access units in AtlasFrameBitstreamToDecode that each is associated with a buffering period SEI message applicable to TargetOp and for each of which one or both of the following conditions are true:
–	nal_unit_type is not equal to NAL_GCRA or NAL_GBLA for the ACL NAL units.
–	The associated buffering period SEI message applicable to TargetOp has irap_cab_params_present_flag equal to 0.
–	n4 is equal to 2.
When AtlasBitstreamToDecode is a Type II patch bitstream, the following applies:
–	If the hrd_parameters( ) syntax structure that immediately follows the condition "if( acl_hrd_parameters_present_flag )" is selected, the test is conducted at the Type I conformance point shown in Figure C.1, and only ACL and filler data NAL units are counted for the input bit rate and CAB storage.
–	Otherwise (the asps_hrd_parameters( ) syntax structure that immediately follows the condition "if( nal_hrd_parameters_present_flag )" is selected), the test is conducted at the Type II conformance point shown in Figure D.1, and all bytes of the Type II bitstream, which is a NAL unit stream, are counted for the input bit rate and CAB storage.
NOTE 2 – NAL HRD parameters established by a value of SchedSelIdx for the Type II conformance point shown in Figure C.1 are sufficient to also establish ACL HRD conformance for the Type I conformance point shown in Figure C.1 for the same values of InitCabRemovalDelay[ SchedSelIdx ], BitRate[ SchedSelIdx ] and CabSize[ SchedSelIdx ] for the variable bit rate (VBR) case (cbr_flag[ SchedSelIdx ] equal to 0). This is because the data flow into the Type I conformance point is a subset of the data flow into the Type II conformance point and because, for the VBR case, the CAB is allowed to become empty and stay empty until the time a next atlas is scheduled to begin to arrive. For example, when decoding a CAS conforming to one or more of the profiles specified in Annex A using the decoding process specified in clauses 2 through  6, when NAL HRD parameters are provided for the Type II conformance point that not only fall within the bounds set for NAL HRD parameters for profile conformance in item f) of clause A.4.2 but also fall within the bounds set for ACL HRD parameters for profile conformance in item e) of clause A.4.2, conformance of the ACL HRD for the Type I conformance point is also assured to fall within the bounds of item e) of clause A.4.2.
All ASPSs, and AFPSs referred to in the ACL NAL units and the corresponding buffering period and atlas timing information SEI messages shall be conveyed to the HRD, in a timely manner, either in the bitstream (by non-ACL NAL units), or by other means not specified in this Specification. 
In Annexes C, D, the specification for "presence" of non-ACL NAL units that contain ASPSs, and AFPSs, buffering period SEI messages, atlas timing SEI messages is also satisfied when those NAL units (or just some of them) are conveyed to atlas frame decoders (or to the HRD) by other means not specified in this Specification. For the purpose of counting bits, only the appropriate bits that are actually present in the bitstream are counted.
NOTE 3 – As an example, synchronization of such a non-ACL NAL unit, conveyed by means other than presence in the bitstream, with the NAL units that are present in the bitstream, can be achieved by indicating two points in the bitstream, between which the non‑ACL NAL unit would have been present in the bitstream, had the atlas frame encoder decided to convey it in the bitstream.
When the content of such a non-ACL NAL unit is conveyed for the application by some means other than presence within the bitstream, the representation of the content of the non-ACL NAL unit is not required to use the same syntax as specified in this Specification.
NOTE 4 – When HRD information is contained within the bitstream, it is possible to verify the conformance of a bitstream to the requirements of this clause based solely on information contained in the bitstream. When the HRD information is not present in the bitstream, as is the case for all "stand-alone" Type I bitstreams, conformance can only be verified when the HRD data are supplied by some other means not specified in this Specification.
The HRD contains a coded atlas buffer (CAB), an instantaneous decoding process, a decoded atlas buffer (DAB), and output cropping as shown in Figure C.2.
[image: ]
[bookmark: _Ref33101619][bookmark: _Toc32860603][bookmark: _Toc503770543][bookmark: _Toc501130537][bookmark: _Toc423603384][bookmark: _Toc423602748][bookmark: _Toc415476417][bookmark: _Toc317198642][bookmark: _Toc287363915][bookmark: _Toc246350668][bookmark: _Toc77680712]Figure C.2 – Atlas Frame HRD buffer model

For each atlas bitstream conformance test, the CAB size (number of bits) is CabSize[ SchedSelIdx ] as specified in clause E.3.3, where SchedSelIdx and the HRD parameters are specified above in this clause. The DAB size (number of atlas frames storage buffers) is asps_max_dec_patch_frame_buffering_minus1[ HighestTid ] + 1.
The following is specified for expressing the constraints in this annex:
–	Each access unit is referred to as access unit n, where the number n identifies the particular access unit. Access unit 0 is selected per step 4 above. The value of n is incremented by 1 for each subsequent access unit in decoding order.
–	Atlas frame n refers to the coded atlas frame or the decoded atlas frame of access unit n.
The HRD operates as follows:
–	The HRD is initialized at decoding unit 0, with both the CAB and the DAB being set to be empty (the DAB fullness is set equal to 0).
NOTE 7 – After initialization, the HRD is not initialized again by subsequent buffering period SEI messages.
–	Data associated with decoding units that flow into the CAB according to a specified arrival schedule are delivered by the hypothetical atlas stream scheduler (HSS).
–	The data associated with each decoding unit are removed and decoded instantaneously by the instantaneous decoding process at the CAB removal time of the decoding unit.
–	Each decoded atlas frame is placed in the DAB.
–	A decoded atlas frame is removed from the DAB when it becomes no longer needed for inter prediction reference and no longer needed for output.
For each bitstream conformance test, the operation of the CAB is specified in clause C.2, the instantaneous decoder operation is specified in clauses 2 through 10, the operation of the DAB is specified in clause C.3 
HSS and HRD information concerning the number of enumerated delivery schedules and their associated bit rates and buffer sizes is specified in clauses E.2.2 and E.3.2. The HRD is initialized as specified by the buffering period SEI message specified in clauses D.1.1and D.2.1 . The removal timing of decoding units from the CAB and output timing of decoded atlases from the DAB is specified using information in atlas frame timing SEI messages (specified in clauses D.1.2 and D.2.2). All timing information relating to a specific decoding unit shall arrive prior to the CAB removal time of the decoding unit.	Comment by Vladyslav Zakharchenko: VUI/PUI
The requirements for atlas sub-bitstream conformance are specified in clause C.4 and the HRD is used to check conformance of atlas sub-bitstreams as specified above in this clause and to check conformance of decoders as specified in clause C.5.
[bookmark: _Hlk20243102]NOTE 8 – While conformance is guaranteed under the assumption that all “atlas frame”-rates and clocks used to generate the atlas sub-bitstream match exactly the values signalled in the atlas sub-bitstream, in a real system each of these may vary from the signalled or specified value.
All the arithmetic in this annex is performed with real values, so that no rounding errors can propagate. For example, the number of bits in a CAB just prior to or after removal of a decoding unit is not necessarily an integer.
The variable ClockTick is derived as follows and is called a clock tick:
[bookmark: clocktick_eqn]ClockTick = pui_num_units_in_tick ÷ pui_time_scale	(C‑1)
0. [bookmark: _Toc503777953][bookmark: _Toc501130249][bookmark: _Toc423601784][bookmark: _Toc423599280][bookmark: _Toc415476005][bookmark: _Ref347274168][bookmark: _Toc317198878][bookmark: _Toc311220026][bookmark: _Toc287363878][bookmark: _Toc248045427][bookmark: _Toc226456810][bookmark: _Toc118289207][bookmark: _Toc77680609][bookmark: _Ref36829585][bookmark: _Ref34217458][bookmark: _Toc32860488]Operation of coded atlas frame buffer 
0. [bookmark: _Toc503777954][bookmark: _Toc501130250][bookmark: _Toc423601785][bookmark: _Toc423599281][bookmark: _Toc415476006][bookmark: _Toc32860489]General
The specifications in this clause apply independently to each set of coded atlas frame buffer (CAB) parameters that is present and to both the Type I and Type II conformance points shown in Figure C.1 and the set of CAB parameters is selected as specified in clause C.1.
0. [bookmark: _Toc503777955][bookmark: _Toc501130251][bookmark: _Toc423601786][bookmark: _Toc423599282][bookmark: _Toc415476007][bookmark: _Ref349919287][bookmark: _Toc317198879]Timing of decoding unit arrival
The decoding unit is considered as an access unit, for derivation of the initial and final CAB arrival times for access unit n.
The variables InitCabRemovalDelay[ SchedSelIdx ] and InitCabRemovalDelayOffset[ SchedSelIdx ] are derived as follows:
–	If one or more of the following conditions are true, InitCabRemovalDelay[ SchedSelIdx ] and InitCabRemovalDelayOffset[ SchedSelIdx ] are set equal to the values of the buffering period SEI message syntax elements nal_initial_alt_cab_removal_delay[ SchedSelIdx ] and nal_initial_alt_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 1 or acl_initial_alt_cab_removal_delay[ SchedSelIdx ] and acl_initial_alt_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 0, where the buffering period SEI message syntax elements are selected as specified in clause D.1:
[Ed (ATA/VZ): need to add AclHrdModeFlag and not both shall be 1 at the same time?]
–	Access unit 0 is a NAL_CRA/GCRA/NAL_BLA/GBLA access unit, and the value of irap_cab_params_present_flag of the buffering period SEI message is equal to 1 and one or more of the following conditions are true:
–	DefaultInitCabParamsFlag is equal to 0.
–	Otherwise, InitCabRemovalDelay[ SchedSelIdx ] and InitCabRemovalDelayOffset[ SchedSelIdx ] are set equal to the values of the buffering period SEI message syntax elements nal_initial_cab_removal_delay[ SchedSelIdx ] and nal_initial_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 1, or acl_initial_cab_removal_delay[ SchedSelIdx ] and acl_initial_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 0, where the buffering period SEI message syntax elements are selected as specified in clause D.1.
The time at which the first bit of decoding unit m begins to enter the CAB is referred to as the initial arrival time initArrivalTime[ m ].
The initial arrival time of decoding unit m is derived as follows:
–	If the decoding unit is decoding unit 0 (i.e., when m is equal to 0), initArrivalTime[ 0 ] is set equal to 0.
–	Otherwise (the decoding unit is decoding unit m with m > 0), the following applies:
–	If cbr_flag[ SchedSelIdx ] is equal to 1, the initial arrival time for decoding unit m is equal to the final arrival time (which is derived below) of decoding unit m − 1, i.e.,
[bookmark: taiEqualtoTafNminus1]initArrivalTime[ m ] = AuFinalArrivalTime[ m − 1 ]	(C‑3)

–	Otherwise (cbr_flag[ SchedSelIdx ] is equal to 0), the initial arrival time for decoding unit m is derived as follows:
[bookmark: tai_Eqn]initArrivalTime[ m ] = Max( AuFinalArrivalTime[ m − 1 ], initArrivalEarliestTime[ m ] )	(C‑4)

where initArrivalEarliestTime[ m ] is derived as follows:
–	The variable tmpNominalRemovalTime is derived as follows:
tmpNominalRemovalTime = AuNominalRemovalTime[ m ]	(C‑5)

where AuNominalRemovalTime[ m ] is the nominal CAB removal time of access unit m respectively, as specified in clause D.2.2.
–	If decoding unit m is not the first decoding unit of a subsequent buffering period, initArrivalEarliestTime[ m ] is derived as follows:
initArrivalEarliestTime[ m ] = tmpNominalRemovalTime − ( InitCabRemovalDelay[ SchedSelIdx ]
		+ InitCabRemovalDelayOffset[ SchedSelIdx ] ) ÷ 90000	(C‑6)
–	Otherwise (decoding unit m is the first decoding unit of a subsequent buffering period), initArrivalEarliestTime[ m ] is derived as follows:
initArrivalEarliestTime[ m ] = tmpNominalRemovalTime −
		( InitCabRemovalDelay[ SchedSelIdx ] ÷ 90000 )	(C‑7)
The final arrival time for decoding unit m is derived as follows:
	AuFinalArrivalTime[ m ] = initArrivalTime[ m ] + sizeInbits[ m ] ÷ BitRate[ SchedSelIdx ]	(C‑8)

where sizeInbits[ m ] is the size in bits of decoding unit m, counting the bits of the ACL NAL units and the filler data NAL units for the Type I conformance point or all bits of the Type II bitstream for the Type II conformance point, where the Type I and Type II conformance points are as shown in Figure .C.1.
The values of SchedSelIdx, BitRate[ SchedSelIdx ] and CabSize[ SchedSelIdx ] are constrained as follows:
–	If the content of the selected hrd_parameters( ) syntax structures for the access unit containing decoding unit m and the previous access unit differ, the HSS selects a value SchedSelIdx1 of SchedSelIdx from among the values of SchedSelIdx provided in the selected hrd_parameters( ) syntax structures for the access unit containing decoding unit m that results in a BitRate[ SchedSelIdx1 ] or CabSize[ SchedSelIdx1 ] for the access unit containing decoding unit m. The value of BitRate[ SchedSelIdx1 ] or CabSize[ SchedSelIdx1 ] may differ from the value of BitRate[ SchedSelIdx0 ] or CabSize[ SchedSelIdx0 ] for the value SchedSelIdx0 of SchedSelIdx that was in use for the previous access unit.
–	Otherwise, the HSS continues to operate with the previous values of SchedSelIdx, BitRate[ SchedSelIdx ] and CabSize[ SchedSelIdx ].
When the HSS selects values of BitRate[ SchedSelIdx ] or CabSize[ SchedSelIdx ] that differ from those of the previous access unit, the following applies:
–	The variable BitRate[ SchedSelIdx ] comes into effect at the initial CAB arrival time of the current access unit.
–	The variable CabSize[ SchedSelIdx ] comes into effect as follows:
–	If the new value of CabSize[ SchedSelIdx ] is greater than the old CAB size, it comes into effect at the initial CAB arrival time of the current access unit.
–	Otherwise, the new value of CabSize[ SchedSelIdx ] comes into effect at the CAB removal time of the current access unit.

0. [bookmark: _Toc503777956][bookmark: _Toc501130252][bookmark: _Toc423601787][bookmark: _Toc423599283][bookmark: _Toc415476008][bookmark: _Ref330937761][bookmark: _Ref330937524][bookmark: _Toc317198880][bookmark: _Ref317100505]Timing of decoding unit removal and decoding of decoding unit
The variables InitCabRemovalDelay[ SchedSelIdx ], InitCabRemovalDelayOffset[ SchedSelIdx ], CabDelayOffset and DabDelayOffset are derived as follows:
· If one or more of the following conditions are true, CabDelayOffset is set equal to the value of the buffering period SEI message syntax element cab_delay_offset, DabDelayOffset is set equal to the value of the buffering period SEI message syntax element dab_delay_offset, and InitCabRemovalDelay[ SchedSelIdx ] and InitCabRemovalDelayOffset[ SchedSelIdx ] are set equal to the values of the buffering period SEI message syntax elements nal_initial_alt_cab_removal_delay[ SchedSelIdx ] and nal_initial_alt_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 1, or acl_initial_alt_cab_removal_delay[ SchedSelIdx ] and acl_initial_alt_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 0, where the buffering period SEI message containing the syntax elements is selected as specified in clause C.1:
-	Access unit 0 is a BLA access unit for which the coded atlas has nal_unit_type equal to NAL_BLA_W_RADL or NAL_BLA_N_LP, and the value of irap_cab_params_present_flag of the buffering period SEI message is equal to 1.
[Ed. (ATA/VLAD): Do we need to have local BLA based on the discussions we had: Atlas remains the same since the geometry is not changed even if attribute is changed?]
–	Access unit 0 is a BLA access unit for which the coded atlas has nal_unit_type equal to NAL_BLA_W_LP or is a NAL_CRA access unit, and the value of irap_cab_params_present_flag of the buffering period SEI message is equal to 1, and one or more of the following conditions are true:
–	DefaultInitCpbParamsFlag is equal to 0.

· Otherwise, InitCabRemovalDelay[ SchedSelIdx ] and InitCabRemovalDelayOffset[ SchedSelIdx ] are set equal to the values of the buffering period SEI message syntax elements nal_initial_cab_removal_delay[ SchedSelIdx ] and nal_initial_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 1, or acl_initial_cab_removal_delay[ SchedSelIdx ] and acl_initial_cab_removal_offset[ SchedSelIdx ], respectively, when NalHrdModeFlag is equal to 0, where the buffering period SEI message containing the syntax elements is selected as specified in clause C.1, CabDelayOffset and DpbDelayOffset are both set equal to 0.
The nominal removal time of the access unit n from the CAB is specified as follows:
–	If access unit n is the access unit with n equal to 0 (the access unit that initializes the HRD), the nominal removal time of the access unit from the CAB is specified by:
AuNominalRemovalTime[ 0 ] = InitCabRemovalDelay[ SchedSelIdx ] ÷ 90000	(C 9)

–	Otherwise, the following applies:
–	When access unit n is the first access unit of a buffering period that does not initialize the HRD, the following applies:
The nominal removal time of the access unit n from the CAB is specified by:
if( !concatenationFlag ) {
	baseTime = AuNominalRemovalTime[ firstAtlasInPrevBuffPeriod ]
	tmpCabRemovalDelay = AuCabRemovalDelayVal
} else {
	baseTime = AuNominalRemovalTime[ prevNonDiscardablePic ]
	tmpCabRemovalDelay =Max( ( auCabRemovalDelayDeltaMinus1 + 1 ),	(C 10)
	Ceil( ( InitCabRemovalDelay[ SchedSelIdx ] ÷ 90000 + 
	AuFinalArrivalTime[ n − 1 ] − AuNominalRemovalTime[ n − 1 ] ) ÷ ClockTick )
}
AuNominalRemovalTime( n ) = baseTime + ClockTick * ( tmpCabRemovalDelay − 	CabDelayOffset )

where AuNominalRemovalTime[ firstAtlasInPrevBuffPeriod  ] is the nominal removal time of the first access unit of the previous buffering period, AuNominalRemovalTime[ prevNonDiscardableAtlas ] is the nominal removal time of the preceding atlas in decoding order with TemporalId equal to 0 that is not a RASL, RADL or sub-layer non-reference atlas, AuCabRemovalDelayVal is the value of AuCabRemovalDelayVal derived according to au_cab_removal_delay_minus1 in the atlas timing SEI message, selected as specified in clause C.1, associated with access unit n, and concatenationFlag and auCabRemovalDelayDeltaMinus1 are the values of the syntax elements concatenation_flag and au_cab_removal_delay_delta_minus1, respectively, in the buffering period SEI message, selected as specified in clause C.1, associated with access unit n.
After the derivation of the nominal CAB removal time and before the derivation of the DAB output time of access unit n, the values of CabDelayOffset and DabDelayOffset are updated as follows:
· If one or more of the following conditions are true, CabDelayOffset is set equal to the value of the buffering period SEI message syntax element cab_delay_offset, and DabDelayOffset is set equal to the value of the buffering period SEI message syntax element dab_delay_offset, where the buffering period SEI message containing the syntax elements is selected as specified in clause C.1:
· Access unit n is a BLA access unit for which the coded atlas has nal_unit_type equal to BLA_W_RADL or BLA_N_LP, and the value of irap_cab_params_present_flag of the buffering period SEI message is equal to 1.
· Access unit n is a BLA access unit for which the coded atlas has nal_unit_type equal to BLA_W_LP or is a CRA access unit, and the value of irap_cab_params_present_flag of the buffering period SEI message is equal to 1, and UseAltCabParamsFlag for access unit n is equal to 1.
· Otherwise, CabDelayOffset and DpbDelayOffset are both set equal to 0.
· When access unit n is not the first access unit of a buffering period, the nominal removal time of the access unit n from the CAB is specified by:
AuNominalRemovalTime[ n ] = 	AuNominalRemovalTime[ firstAtlasInCurrBuffPeriod ] +
	ClockTick * ( AuCabRemovalDelayVal − CabDelayOffset )	(C 11)

where AuNominalRemovalTime[ firstAtlasInCurrBuffPeriod ] is the nominal removal time of the first access unit of the current buffering period, and AuCabRemovalDelayVal is the value of AuCabRemovalDelayVal derived according to au_cab_removal_delay_minus1 in the atlas timing SEI message, selected as specified in clause C.1, associated with access unit n.
CAFB removal time of access unit n, the access unit is instantaneously decoded.
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1. [bookmark: _Toc503777958][bookmark: _Toc501130254][bookmark: _Toc423601789][bookmark: _Toc423599285][bookmark: _Toc415476010][bookmark: _Toc32860493][bookmark: _Toc311220030][bookmark: _Toc287363882][bookmark: _Toc248045437][bookmark: _Toc226456820][bookmark: _Toc118289215][bookmark: _Toc77680619][bookmark: _Ref34217515]General
The specifications in this clause apply independently to each set of decoded atlas frame buffer (DAB) parameters selected as specified in clause D.1.
The decoded atlas frame buffer contains atlas frame storage buffers. Each of the atlas frame storage buffers may contain a decoded atlas frame that is marked as "used for reference" or is held for future output. The processes specified in clauses D.2.1 and D.2.2 are sequentially applied as specified below.
1. [bookmark: _Toc423601790][bookmark: _Toc423599286][bookmark: _Toc415476011][bookmark: _Ref347465512][bookmark: _Ref343183135][bookmark: _Ref36848492][bookmark: _Toc77680615][bookmark: _Toc118289213][bookmark: _Toc226456816][bookmark: _Toc248045433][bookmark: _Toc256632239][bookmark: _Toc503777959][bookmark: _Toc501130255]Removal of atlas frames from the DAB before decoding of the current atlas frame
The removal of atlas frames from the DAB before decoding of the current atlas frame (but after parsing the slice header of the first slice of the current atlas frame) happens instantaneously at the CAB removal time of the first decoding unit of access unit n (containing the current atlas frame) and proceeds as follows:
–	The decoding process for reference atlas list (RAL) as specified in clause 8.4.3.2 is invoked.
–	When the current atlas is an IRAP atlas frame with NoRaslOutputFlag equal to 1 that is not atlas frame 0, the following ordered steps are applied:
1.	The variable NoOutputOfPriorAtlasFramesFlag is derived for the decoder under test as follows:
–	If the current atlas frame is a CRA atlas frame, NoOutputOfPriorAtlasFramesFlag is set equal to 1 (regardless of the value of no_output_of_prior_patch_frames_flag).
–	Otherwise, NoOutputOfPriorAtlasFramesFlag is set equal to no_output_of_prior_patch_frames_flag.
2.	The value of NoOutputOfPriorAtlasFramesFlag derived for the decoder under test is applied for the HRD, such that when the value of NoOutputOfPriorAtlasFramesFlag is equal to 1, all atlas storage buffers in the DAB are emptied without output of the atlas frames they contain, and the DAB fullness is set equal to 0.
[bookmark: _Toc32860494]–	When both of the following conditions are true for any atlass k in the DAB, all such atlas frames k in the DAB are removed from the DAB:
–	atlas frame k is marked as "unused for reference".
–	atlas frame k has AtlasFrameOutputFlag equal to 0 or its DAB output time is less than or equal to the CAB removal time of the first decoding unit (denoted as decoding unit m) of the current atlas frame n; i.e., DabOutputTime[ k ] is less than or equal to DuCabRemovalTime[ m ].
–	For each atlas frame that is removed from the DAB, the DAB fullness is decremented by one.
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The processes specified in this clause happen instantaneously at the CAB removal time of access unit n, AuCabRemovalTime[ n ].
When atlas n has AtlasFrameOutputFlag equal to 1, its DAB output time DabOutputTime[ n ] is derived as follows, where the variable firstAtlasFrameInBufferingPeriodFlag is equal to 1 if access unit n is the first access unit of a buffering period and 0 otherwise:
DabOutputTime[ n ] = AuCabRemovalTime[ n ] + ClockTick * atlasFrameDafbOutputDelay	(C‑12)
	if( firstAtlasFrameInBufferingPeriodFlag)
		DabOutputTime[ n ]  −=  ClockTick * DabDelayOffset

where atlasFrameDafbOutputDelay is the value of atlas_frame_dab_output_delay in the atlas frame timing SEI message associated with access unit n, when present, in the decoding unit information SEI messages associated with access unit n.
The output of the current atlas is specified as follows:
–	If AtlasFrameOutputFlag is equal to 1 and DabOutputTime[ n ] is equal to AuCabRemovalTime[ n ], the current atlas frame is output.
–	Otherwise, if AtlasFrameOutputFlag is equal to 0, the current atlas frame is not output, but will be stored in the DAB as specified in clause D2.2 
–	Otherwise (AtlasFrameOutputFlag is equal to 1 and DabOutputTime[ n ] is greater than AuCabRemovalTime[ n ] ), the current atlas frame is output later and will be stored in the DAB (as specified in clause D.3.4) and is output at time DabOutputTime[ n ] unless indicated not to be output by the decoding or inference of no_output_of_prior_patch_frames_flag equal to 1 at a time that precedes DabOutputTime[ n ].
When atlas frame n is a atlas frame that is output and is not the last atlas frame of the bitstream that is output, the value of the variable DabOutputInterval[ n ] is derived as follows:
[bookmark: DeltaTo]DabOutputInterval[ n ] = DabOutputTime[ nextAtlasFrameInOutputOrder ] − DabOutputTime[ n ]	(C‑13)
where nextAtlasFrameInOutputOrder  is the atlas frame that follows atlas frame n in output order and has AtlasFrameOutputFlag equal to 1.
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[bookmark: _Hlk20836229]The current decoded atlas frame is stored in the DAB in an empty atlas frame storage buffer, the DAB fullness is incremented by one. When asps_curr_atlas_frame_ref_enabled_flag is equal to 1, this atlas frame is marked as "used for long-term reference". After all the tile groups of the current atlas frame have been decoded, this atlas frame is marked as "used for short-term reference".
NOTE – Unless more memory than required by the level limit is available for storage of decoded atlas frames, decoders should start storing decoded parts of the current atlas frames into the DAB when the first tile group is decoded and continue storing more decoded samples as the decoding process proceeds.
1. [bookmark: _Toc503777962][bookmark: _Toc501130258][bookmark: _Toc452007377][bookmark: _Ref428286309]Removal of atlas frames from the DAB after decoding of the current atlas frame
Immediately after decoding of the current atlas frame, at the CAB removal time of the last decoding unit of access unit n (containing the current atlas frame), the current decoded atlas frame is removed from the DAB, and the DAB fullness is decremented by one.
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A bitstream of coded data conforming to this Specification shall fulfil all requirements specified in this clause.
The bitstream shall be constructed according to the syntax, semantics and constraints specified in this Specification outside of this annex.
The first coded atlas in a bitstream shall be an IRAP atlas, i.e., an IDR atlas frame, or a CRA atlas frame.
The patch bitstream is tested by the HRD for conformance as specified in clause D.1.
For each current atlas frame, let the variables maxPicOrderCnt and minPicOrderCnt be set equal to the maximum and the minimum, respectively, of the PicOrderCntVal values of the following atlas frames:
–	The current atlas frame.
–	The previous atlas frame in decoding order. 
–	The short-term reference atlas frames in the reference atlas list (RAL) of the current atlas frame.
–	All atlas frames n that have AtlasFrameOutputFlag equal to 1, AuCabRemovalTime[ n ] less than AuCabRemovalTime[ currAtlasFrame ] and DabOutputTime[ n ] greater than or equal to AuCabRemovalTime[ currAtlasFrame ], where currAtlasFrame is the current atlas frame.
All of the following conditions shall be fulfilled for each of the bitstream conformance tests:
1. For each atlas access unit n, with n greater than 0, associated with a buffering period SEI message, let the variable deltaTime90k[ n ] be specified as follows:
deltaTime90k[ n ] = 90000 * ( AuNominalRemovalTime[ n ] − AuFinalArrivalTime[ n − 1 ] )	(C‑14)
The value of InitCabRemovalDelay[ SchedSelIdx ] is constrained as follows:
–	If cbr_flag[ SchedSelIdx ] is equal to 0, the following condition shall be true:
InitCabRemovalDelay[ SchedSelIdx ]  <=  Ceil( deltaTime90k[ n ] )	(C‑15)
–	Otherwise (cbr_flag[ SchedSelIdx ] is equal to 1), the following condition shall be true:
Floor( deltaTime90k[ n ] )  <=  InitCabRemovalDelay[ SchedSelIdx ]  <=  Ceil( deltaTime90k[ n ] )	(C‑19)
NOTE 1 – The exact number of bits in the CAB at the removal time of each atlas frame may depend on which buffering period SEI message is selected to initialize the HRD. Encoders must take this into account to ensure that all specified constraints must be obeyed regardless of which buffering period SEI message is selected to initialize the HRD, as the HRD may be initialized at any one of the buffering period SEI messages.
1. A CAB overflow is specified as the condition in which the total number of bits in the CAB is greater than the CAB size. The CAB shall never overflow.
1. When low_delay_hrd_flag[ HighestTid ] is equal to 0, the CAB shall never underflow. A CAB underflow is specified as follows:
–	A CAB underflow is specified as the condition in which the nominal CAB removal time of access unit n AuNominalRemovalTime[ n ] is less than the final CAB arrival time of access unit n AuFinalArrivalTime[ n ] for at least one value of n.

1. The nominal removal times of atlases from the CAB (starting from the second atlas in decoding order) shall satisfy the constraints on AuNominalRemovalTime[ n ] and AuCabRemovalTime[ n ] expressed in clauses C.4.1 through C.4.2.
1. For each current atlas frame, after invocation of the process for removal of atlass from the DAB as specified in clause C.3.2, the number of decoded atlas frames in the DAB, including all atlas frames n that are marked as "used for reference", or that have AtlasFrameOutputFlag equal to 1 and AuCabRemovalTime[ n ] less than AuCabRemovalTime[ currAtlasFrame ], where currAtlasFrame  is the current atlas frame, shall be less than or equal to ASPS_max_dec_atlas frame_buffering_minus1[ HighestTid ].
1. All reference atlas frames shall be present in the DAB when needed for prediction. Each atlas frame that has AtlasFrameOutputFlag equal to 1 shall be present in the DAB at its DAB output time unless it is removed from the DAB before its output time by one of the processes specified in clause C.3.
1. The value of DabOutputInterval[ n ] as given by Equation C‑16, which is the difference between the output time of a atlas frame and that of the first atlas frame following it in output order and having AtlasFrameOutputFlag equal to 1, shall satisfy the constraint expressed in clause C.4.1 for the profile, tier and level specified in the bitstream using the decoding process specified in clauses 2 through 6.
1. For any two atlass m and n in the same CPFS, when DabOutputTime[ m ] is greater than DabOutputTime[ n ], the AtlasFrameOrderCntVal of atlas frame m shall be greater than the PicOrderCntVal of atlas n.
NOTE 2 – All atlass of an earlier CAS in decoding order that are output are output before any atlass of a later CAS in decoding order. Within any particular CAS, the atlass that are output are output in increasing PicOrderCntVal order.
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A decoder conforming to this Specification shall fulfil all requirements specified in this clause.
A decoder claiming conformance to a specific profile, tier and level shall be able to successfully decode all atlas frame bitstreams that conform to the atlas frame bitstream conformance requirements specified in clause C.4, in the manner specified in Annex A, provided that all ASPSs, and AFPSs referred to in the ACL NAL units and appropriate buffering period and atlas frame timing SEI messages are conveyed to the decoder, in a timely manner, either in the bitstream (by non-ACL NAL units), or by external means not specified in this Specification.
When a atlas frame bitstream contains syntax elements that have values that are specified as reserved and it is specified that decoders shall ignore values of the syntax elements or NAL units containing the syntax elements having the reserved values, and the atlas frame bitstream is otherwise conforming to this Specification, a conforming decoder shall decode the atlas frame bitstream in the same manner as it would decode a conforming atlas frame bitstream and shall ignore the syntax elements or the NAL units containing the syntax elements having the reserved values as specified.
There are two types of conformance that can be claimed by a atlas frame decoder: output timing conformance and output order conformance.
To check conformance of a atlas frame decoder, test bitstreams conforming to the claimed profile, tier and level, as specified in clause C.4 are delivered by a hypothetical atlas frame stream scheduler (HSS) both to the HRD and to the atlas frame decoder under test (DUT). All decoded atlas frames output by the HRD shall also be output by the DUT, each decoded atlas frame output by the DUT shall be a atlas frame with PicOutputFlag equal to 1, and, for each such decoded atlas frame output by the DUT, the values of all atlas units that are output shall be equal to the values of the atlas units produced by the specified atlas frame decoding process.
For output timing atlas frame decoder conformance, the HSS operates as described above, with delivery schedules selected only from the subset of values of SchedSelIdx for which the bit rate and CAB size are restricted as specified in Annex A for the specified profile, tier and level or with "interpolated" delivery schedules as specified below for which the bit rate and CAB size are restricted as specified in Annex A. The same delivery schedule is used for both the HRD and the DUT.
When the HRD parameters and the buffering period SEI messages are present with cab_cnt_minus1[ HighestTid ] greater than 0, the atlas frame decoder shall be capable of decoding the atlas frame bitstream as delivered from the HSS operating using an "interpolated" delivery schedule specified as having peak bit rate r, CAB size c( r ) and initial CAB removal delay ( f( r ) ÷ r ) as follows:
α = ( r − BitRate[ SchedSelIdx − 1 ] ) ÷ ( BitRate[ SchedSelIdx ] − BitRate[ SchedSelIdx − 1 ] ),	(C‑16)
c( r ) = α * CabSize[ SchedSelIdx ] + ( 1 − α ) * CabSize[ SchedSelIdx − 1 ],	(C‑17)
f( r ) = α * InitCabRemovalDelay[ SchedSelIdx ] * BitRate[ SchedSelIdx ] + 
		( 1 − α ) * InitCabRemovalDelay[ SchedSelIdx − 1 ] * BitRate[ SchedSelIdx − 1 ]	(C‑18)
for any SchedSelIdx > 0 and r such that BitRate[ SchedSelIdx − 1 ]  <=  r  <=  BitRate[ SchedSelIdx ] such that r and c( r ) are within the limits as specified in Annex A for the maximum bit rate and buffer size for the specified profile, tier and level.
NOTE 1 – InitCabRemovalDelay[ SchedSelIdx ] can be different from one buffering period to another and have to be re-calculated.
For output timing atlas frame decoder conformance, an HRD as described above is used and the timing (relative to the delivery time of the first bit) of atlas frame output is the same for both the HRD and the DUT up to a fixed delay.
For output order atlas frame decoder conformance, the following applies:
–	The HSS delivers the bitstream AtlasFrameBitstreamToDecode to the DUT "by demand" from the DUT, meaning that the HSS delivers bits (in decoding order) only when the DUT requires more bits to proceed with its processing.
NOTE 2 – This means that for this test, the coded atlas frame buffer of the DUT could be as small as the size of the largest decoding unit.
–	A modified HRD as described below is used, and the HSS delivers the bitstream to the HRD by one of the schedules specified in the atlas frame bitstream AtlasFrameBitstreamToDecode such that the bit rate and CAB size are restricted as specified in Annex A. The order of atlas frame output shall be the same for both the HRD and the DUT.
–	The HRD CAB size is given by CabSize[ SchedSelIdx ] as specified in clause E.3.3, where SchedSelIdx and the HRD parameters are selected as specified in clause C.1. The DAB size is given by asps_max_dec_atlas_frame_buffering_minus1 [ HighestTid ] + 1. Removal time from the CAB for the HRD is the final bit arrival time and decoding is immediate. The operation of the DAB of this HRD is as described in clauses C.5.2 through C.5.2.3.
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1. [bookmark: _Toc423601797][bookmark: _Toc423599293][bookmark: _Toc415476018][bookmark: _Ref34218584]General
The decoded atlas frame buffer contains atlas frame storage buffers. Each of the atlas frame storage buffers contains a decoded atlas frame that is marked as "used for reference" or is held for future output. The process for output and removal of atlas frames from the DAB before decoding of the current atlas frame as specified in clause C.5.2.2 is invoked, the invocation of the process for current decoded atlas frame marking and storage as specified in clause C.3.4, further followed by the invocation of the process for removal of atlas frame from the DAB after decoding of the current atlas frame as specified in clause C.3.5, and finally followed by the invocation of the process for additional bumping as specified in clause C.5.2.3. The "bumping" process is specified in clause C.5.2.4 and is invoked as specified in clauses C.5.2.2 and C.5.2.3.
1. [bookmark: _Toc423601798][bookmark: _Toc423599294][bookmark: _Toc415476019][bookmark: _Ref347102653][bookmark: _Ref343074962][bookmark: _Toc317198885][bookmark: _Ref306292151][bookmark: _Ref81126026][bookmark: _Toc77680624][bookmark: _Toc118289220][bookmark: _Toc226456825][bookmark: _Toc248045442][bookmark: _Toc256632246][bookmark: _Ref81126005][bookmark: _Toc77680622][bookmark: _Toc118289218][bookmark: _Toc226456823][bookmark: _Toc248045440][bookmark: _Toc256632244]Output and removal of atlases from the DAB
The output and removal of atlas frames from the DAB before the decoding of the current atlas frame (but after parsing the slice header of the first slice of the current atlas frame) happens instantaneously when the first decoding unit of the access unit containing the current atlas frame is removed from the CAB and proceeds as follows:
–	The decoding process for RAL as specified in clause 8.4.3.2 is invoked.	Comment by v00429036: Should be revisited
–	If the current atlas is an IRAP atlas frame with NoRaslOutputFlag equal to 1 that is not atlas frame 0, the following ordered steps are applied:
1.	The variable NoOutputOfPriorAtlasFramesFlag is derived for the atlas frame decoder under test as follows:
–	If the current atlas frame is a CRA atlas frame, NoOutputOfPriorAtlasFramesFlag is set equal to 1 (regardless of the value of no_output_of_prior_patch_frames_flag).
–		Otherwise, NoOutputOfPriorAtlasFramesFlag is set equal to no_output_of_prior_patch_frames_flag.
2.	The value of NoOutputOfPriorAtlasFramesFlag derived for the decoder under test is applied for the HRD as follows:
–	If NoOutputOfPriorAtlasFramesFlag is equal to 1, all atlas storage buffers in the DAB are emptied without output of the atlas frames they contain and the DAB fullness is set equal to 0.
–	Otherwise (NoOutputOfPriorAtlasFramesFlag is equal to 0), all atlas frame storage buffers containing a atlas frames that is marked as "not needed for output" and "unused for reference" are emptied (without output) and all non-empty atlas frames storage buffers in the DAB are emptied by repeatedly invoking the "bumping" process specified in clause D.5.2.4 and the DAB fullness is set equal to 0.
–	Otherwise (the current atlas frames is not an IRAP atlas frames with NoRaslOutputFlag equal to 1), all atlas frames storage buffers containing a atlas frames which are marked as "not needed for output" and "unused for reference" are emptied (without output). For each atlas frames storage buffer that is emptied, the DAB fullness is decremented by one. When one or more of the following conditions are true, the "bumping" process specified in clause D.5.2.4 is invoked repeatedly while further decrementing the DAB fullness by one for each additional atlas frames storage buffer that is emptied, until none of the following conditions are true:
1. The number of atlas frames in the DAB that are marked as "needed for output" is greater than sps_max_num_reorder_patch_frames[ HighestTid ].
1. sps_max_latency_increase_plus1[ HighestTid ] is not equal to 0 and there is at least one atlas frame in the DAB that is marked as "needed for output" for which the associated variable AtlasLatencyCount is greater than or equal to SpsMaxLatencyAtlases[ HighestTid ].
1. The number of atlas frames in the DAB is greater than or equal to ASPS_max_dec_atlas_frame_buffering_minus1 [ HighestTid ] + 1.
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The processes specified in this clause happen instantaneously when the last decoding unit of access unit n containing the current atlas frames is removed from the CAB.
When the current atlas frames has AtlasFrameOutputFlag equal to 1, for each atlas frames in the DAB that is marked as "needed for output" and follows the current atlas frames in output order, the associated variable AtlasFrameLatencyCount is set equal to AtlasFrameLatencyCount + 1.
The following applies:
–	If the current decoded atlas has AtlasFrameOutputFlag equal to 1, it is marked as "needed for output" and its associated variable AtlasFrameLatencyCount is set equal to 0.
–	Otherwise (the current decoded atlas framehas AtlasFrameOutputFlag equal to 0), it is marked as "not needed for output".
When one or more of the following conditions are true, the "bumping" process specified in clause D.5.2.4 is invoked repeatedly until none of the following conditions are true:
–	The number of atlas frames in the DAB that are marked as "needed for output" is greater than asps_max_dec_patch_frame_buffering_minus1[ HighestTid ].
–	asps_max_latency_increase_plus1[ HighestTid ] is not equal to 0 and there is at least one atlas frame in the DAB that is marked as "needed for output" for which the associated variable AtlasFrameLatencyCount that is greater than or equal to SpsMaxLatencyPictures[ HighestTid ].
1. [bookmark: _Toc423601800][bookmark: _Toc423599296][bookmark: _Toc415476021][bookmark: _Ref347083389]"Bumping" process
The "bumping" process consists of the following ordered steps:
1. The atlas frame that is first for output is selected as the one having the smallest value of atlasFrameOrderCntVal of all atlas frames in the DAB marked as "needed for output".
NOTE – For any two atlas frames atlasFrameA and atlasFrameB that belong to the same CAS and are output by the "bumping process", when atlasFrameA is output earlier than atlasFrameB, the value of AtlasFrameOrderCntVal of atlasFrameA is less than the value of AtlasFrameOrderCntVal of atlasFrameB.
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Supplemental enhancement information

(This annex forms an integral part of this Recommendation | International Standard.)
1. [bookmark: _Toc358292221]General
This annex specifies syntax and semantics for SEI message payloads.
SEI messages assist in processes related to decoding, display or other purposes. However, SEI messages are not required for constructing the luma or chroma samples by the decoding process. Conforming decoders are not required to process this information for output order conformance to this Specification (see Annex C for the specification of conformance). Some SEI message information is required to check bitstream conformance and for output timing decoder conformance.
In clause C.5.2, specification for presence of SEI messages are also satisfied when those messages (or some subset of them) are conveyed to decoders (or to the HRD) by other means not specified in this Specification. When present in the bitstream, SEI messages shall obey the syntax and semantics specified in clause 7.3.5 and this annex. When the content of an SEI message is conveyed for the application by some means other than presence within the bitstream, the representation of the content of the SEI message is not required to use the same syntax specified in this annex. For the purpose of counting bits, only the appropriate bits that are actually present in the bitstream are counted.
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D.1.1 Buffering period SEI message syntax

	[bookmark: _Hlk18493470]buffering_period( payloadSize ) {
	Descriptor

		bp_asps_atlas_sequence_parameter_set_id
	ue(v)

		irap_cab_params_present_flag
	u(1)

		if( irap_cab_params_present_flag ) {
	

			cab_delay_offset
	u(v)

			dab_delay_offset
	u(v)

		}
	

		concatenation_flag
	u(1)

		atlas_cab_removal_delay_delta_minus1
	u(v)

		bp_max_sub_layers_minus1
	u(3)

		for( i = 0; i  <=  bp_max_sub_layers_minus1; i++ ) {
	

			bp_cab_cnt_minus1[ i ]
	ue(v)

	[bookmark: _Hlk18493837]		if( NalHrdBpPresentFlag ) {
	

				for( j  = 0; j  <  bp_cab_cnt_minus1[ i ] + 1; j++ ) {
	

					nal_initial_cab_removal_delay[i][ j ]
	u(v)

					nal_initial_cab_removal_offset[i][ j ]
	u(v)

				if(irap_cab_params_present_flag ) {
	

					nal_initial_alt_cab_removal_delay[ i ]
	u(v)

					nal_initial_alt_cab_removal_offset[ i ]
	u(v)

				}
	

			}
	

	[bookmark: _Hlk18493844]		if( AclHrdBpPresentFlag ) {
	

				for( j = 0; j  <  bp_cab_cnt_minus1[ i ] + 1; j++ ) {
	

					acl_initial_cab_removal_delay[ i ][j]
	u(v)

					acl_initial_cab_removal_offset[ i ][j]
	u(v)

					if( irap_cab_params_present_flag ) {
	

						acl_initial_alt_cab_removal_delay[ i ]
	u(v)

						acl_initial_alt_cab_removal_offset[ i ]
	u(v)

					}
	

				}
	

			}
	

		}
	

	}
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1. Atlas timing SEI message syntax

	atlas_frame_timing( payloadSize ) {
	Descriptor

		if( CabDabDelaysPresentFlag ) {
	

			atlas_cab_removal_delay_minus1
	u(v)

			atlas_dab_output_delay
	u(v)

		}
	

	}
	


[bookmark: _Hlk20326450]
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2. [bookmark: _Toc358292250][bookmark: _Ref326742545][bookmark: _Ref326742500][bookmark: _Toc317198912]Buffering period SEI message semantics
A buffering period SEI message provides initial CAB removal delay and initial CAB removal delay offset information for initialization of the HRD at the position of the associated access unit in decoding order.
The following applies for the buffering period SEI message syntax and semantics:
–	The syntax elements initial_cab_removal_delay_length_minus1, au_cab_removal_delay_length_minus1, dab_output_delay_length_minus1, and the variables NalHrdBpPresentFlag and AclHrdBpPresentFlag 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 buffering period SEI message applies.
–	The variables CabSize[ i ], BitRate[ i ] and CabCnt are derived from syntax elements found in the sub_layer_hrd_parameters( ) syntax structure that is applicable to at least one of the operation points to which the buffering period SEI message applies.
–	Any two operation points that the buffering period SEI message applies to having different OpTid values tIdA and tIdB indicate that the values of cab_cnt_minus1[ tIdA ] and cab_cnt_minus1[ tIdB ] coded in the hrd_parameters( ) syntax structure(s) applicable to the two operation points are identical.
–	Any two operation points that the buffering period SEI message applies to having different OpLayerIdList values layerIdListA and layerIdListB indicate that the values of nal_hrd_parameters_present_flag and acl_hrd_parameters_present_flag, respectively, for the two hrd_parameters( ) syntax structures applicable to the two operation points are identical.
–	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 buffering period SEI message applies.
The presence of buffering period SEI messages for an operation point is specified as follows:
–	If NalHrdBpPresentFlag is equal to 1 or AclHrdBpPresentFlag is equal to 1, the following applies for each access unit in the CAS:
· If the access unit is an IRAP access unit, a buffering period SEI message applicable to the operation point shall be associated with the access unit.
· Otherwise, if both of the following conditions apply, a buffering period SEI message applicable to the operation point may or may not be present for the access unit:
· The picture has TemporalId equal to 0.
· The picture is not a RASL, RADL or sub-layer non-reference picture.
· Otherwise, the access unit shall not be associated with a buffering period SEI message applicable to the operation point.
–	Otherwise (NalHrdBpPresentFlag and AclHrdBpPresentFlag are both equal to 0), no access unit in the CAS shall be associated with a buffering period SEI message applicable to the operation point.
NOTE 1 – For some applications, frequent presence of buffering period SEI messages may be desirable (e.g., for random access at an IRAP picture or a non-IRAP picture or for bitstream splicing).
bp_seq_parameter_set_id indicates and shall be equal to the asps_seq_parameter_set_id for the ASPS that is active for the coded picture associated with the buffering period SEI message. The value of bp_seq_parameter_set_id shall be equal to the value of afps_seq_parameter_set_id in the AFPS referenced by the atgh_atlas_frame_parameter_set_id of the atlas tile group headers of the coded atlas associated with the buffering period SEI message. The value of bp_seq_parameter_set_id shall be in the range of 0 to 15, inclusive.
irap_cab_params_present_flag equal to 1 specifies the presence of the initial_alt_cab_removal_delay[ i ] and initial_alt_cab_removal_offset[ i ] syntax elements. When not present, the value of irap_cab_params_present_flag is inferred to be equal to 0. When the associated atlas is neither a CRA atlas nor a BLA atlas, the value of irap_cab_params_present_flag shall be equal to 0.
cab_delay_offset specifies an offset to be used in the derivation of the nominal CAB removal times of access units following, in decoding order, the CRA or BLA access unit associated with the buffering period SEI message when the RASL access units associated with the CRA or BLA access unit are not present. The syntax element has a length in bits given by au_cab_removal_delay_length_minus1 + 1. When not present, the value of cab_delay_offset is inferred to be equal to 0.
dab_delay_offset specifies an offset to be used in the derivation of the DAB output times of the CRA or BLA access unit associated with the buffering period SEI message when the RASL access units associated with the CRA or BLA access unit are not present. The syntax element has a length in bits given by dab_output_delay_length_minus1 + 1. When not present, the value of dab_delay_offset is inferred to be equal to 0.
When the current atlas is not the first atlas in the bitstream in decoding order, let prevNonDiscardableAtlas be the preceding atlas in decoding order with TemporalId equal to 0 that is not a RASL, RADL or sub-layer non-reference picture.
concatenation_flag indicates, when the current atlas is not the first atlas in the bitstream in decoding order, whether the nominal CAB removal time of the current atlas is determined relative to the nominal CAB removal time of the preceding atlas with a buffering period SEI message or relative to the nominal CAB removal time of the atlas prevNonDiscardablePic.
atlas_cab_removal_delay_delta_minus1 plus 1, when the current atlas is not the first atlas in the bitstream in decoding order, specifies a CAB removal delay increment value relative to the nominal CAB removal time of the atlas prevNonDiscardablePic. This syntax element has a length in bits given by atlas_cab_removal_delay_length_minus1 + 1.
When the current atlas contains a buffering period SEI message and concatenation_flag is equal to 0 and the current atlas is not the first atlas in the bitstream in decoding order, it is a requirement of bitstream conformance that the following constraint applies:
· If the atlas prevNonDiscardableAtlas is not associated with a buffering period SEI message, the au_cab_removal_delay_minus1 of the current atlas shall be equal to the au_cab_removal_delay_minus1 of prevNonDiscardableAtlas plus au_cab_removal_delay_delta_minus1 + 1.
· Otherwise, au_cab_removal_delay_minus1 shall be equal to au_cab_removal_delay_delta_minus1.
NOTE 2 – When the current atlas contains a buffering period SEI message and concatenation_flag is equal to 1, the au_cab_removal_delay_minus1 for the current atlas is not used. The above-specified constraint can, under some circumstances, make it possible to splice bitstreams (that use suitably-designed referencing structures) by simply changing the value of concatenation_flag from 0 to 1 in the buffering period SEI message for an IRAP atlas at the splicing point. When concatenation_flag is equal to 0, the above-specified constraint enables the decoder to check whether the constraint is satisfied as a way to detect the loss of the atlas prevNonDiscardableAtlas.
nal_initial_cab_removal_delay[ i ] and nal_initial_alt_cab_removal_delay[ i ] specify the default and the alternative initial CAB removal delays, respectively, for the i-th CAB when the NAL HRD parameters are in use. The syntax elements have a length in bits given by initial_cab_removal_delay_length_minus1 + 1, and are in units of a 90 kHz clock. The values of the syntax elements shall not be equal to 0 and shall be less than or equal to 90000 * ( CabSize[ i ]  BitRate[ i ] ), the time-equivalent of the CAB size in 90 kHz clock units.
nal_initial_cab_removal_offset[ i ] and nal_initial_alt_cab_removal_offset[ i ] specify the default and the alternative initial CAB removal offsets, respectively, for the i-th CAB when the NAL HRD parameters are in use. The syntax elements have a length in bits given by initial_cab_removal_delay_length_minus1 + 1 and are in units of a 90 kHz clock.
Over the entire CAS, the sum of nal_initial_cab_removal_delay[ i ] and nal_initial_cab_removal_offset[ i ] shall be constant for each value of i, and the sum of nal_initial_alt_cab_removal_delay[ i ] and nal_initial_alt_cab_removal_offset[ i ] shall be constant for each value of i.
acl_initial_cab_removal_delay[ i ] and acl_initial_alt_cab_removal_delay[ i ] specify the default and the alternative initial CAB removal delays, respectively, for the i-th CAB when the VCL HRD parameters are in use. The syntax elements have a length in bits given by initial_cab_removal_delay_length_minus1 + 1, and are in units of a 90 kHz clock. The values of the syntax elements shall not be equal to 0 and shall be less than or equal to 90000 * ( CabSize[ i ]  BitRate[ i ] ), the time-equivalent of the CAB size in 90 kHz clock units.
acl_initial_cab_removal_offset[ i ] and acl_initial_alt_cab_removal_offset[ i ] specify the default and the alternative initial CAB removal offsets, respectively, for the i-th CAB when the VCL HRD parameters are in use. The syntax elements have a length in bits given by initial_cab_removal_delay_length_minus1 + 1 and are in units of a 90 kHz clock.
Over the entire CAS, the sum of acl_initial_cab_removal_delay[ i ] and acl_initial_cab_removal_offset[ i ] shall be constant for each value of i, and the sum of acl_initial_alt_cab_removal_delay[ i ] and acl_initial_alt_cab_removal_offset[ i ] shall be constant for each value of i.
NOTE 3 – Encoders are recommended not to include irap_cab_params_present_flag equal to 1 in buffering period SEI messages associated with a CRA or BLA atlas for which at least one of its associated RASL atlass follows one or more of its associated RADL atlass in decoding order.
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The atlas timing SEI message provides CAB removal delay and DAB output delay information for the access unit associated with the SEI message.
The following applies for the atlas timing SEI message syntax and semantics:
–	The syntax elements and variable atlas_cab_removal_delay_length_minus1, dab_output_delay_length_minus1, dab_output_delay_du_length_minus1, du_cab_removal_delay_increment_length_minus1, and CabDabDelaysPresentFlag 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 atlas 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 atlas timing SEI message applies.
NOTE 4 – The syntax of the atlas timing SEI message is dependent on the content of the hrd_parameters( ) syntax structures applicable to the operation points to which the atlas timing SEI message applies. These hrd_parameters( ) syntax structures are in the ASPS that are active for the coded atlas associated with the atlas timing SEI message. When the atlas timing SEI message is associated with an IRAP access unit with NoRaslOutputFlag equal to 1, unless it is preceded by a buffering period SEI message within the same access unit, the activation of the SPS (and, for IRAP atlass with NoRaslOutputFlag equal to 1 that are not the first atlas in the bitstream in decoding order, the determination that the coded atlas is an IRAP NoRaslOutputFlag equal to 1) does not occur until the decoding of the first coded slice segment NAL unit of the coded atlas. Since the coded slice segment NAL unit of the coded atlas follows the atlas 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 atlas timing SEI message until determining the active VPS and the active SPS for the coded atlas, and then perform the parsing of the atlas timing SEI message.
atlas_cab_removal_delay_minus1 plus 1 specifies the number clock ticks between the nominal CPB removal time of the access unit associated with the atlas timing SEI message and the preceding access unit in decoding order that contained a buffering period SEI message. This value is also used to calculate an earliest possible time of arrival of access unit atlas data into the CPB for the HSS. The syntax element is a fixed length code whose length in bits is given by atlas_cpb_removal_delay_length_minus1 + 1.
NOTE 5 – The value of atlas_cpb_removal_delay_length_minus1 that determines the length (in bits) of the syntax element atlas_cpb_removal_delay_minus1 is the value of atlas_cpb_removal_delay_length_minus1 coded in the VPS or the SPS that is active for the coded picture associated with the picture timing SEI message, although atlas_cpb_removal_delay_minus1 specifies a number of clock ticks relative to the removal time of the preceding atlas access unit containing a buffering period SEI message, which may be an access unit of a different CAS.
The variable AuCpbRemovalDelayMsb of the current picture is derived as follows:
· If the current picture is associated with a buffering period SEI message that is applicable to at least one of the operation points to which the picture timing SEI message applies, AuCpbRemovalDelayMsb is set equal to 0.
· Otherwise, the following applies:
· Let maxCpbRemovalDelay be equal to 2au_cpb_removal_delay_length_minus1 + 1.
· Let prevAuCpbRemovalDelayMinus1 and prevAuCpbRemovalDelayMsb be set equal to au_cpb_removal_delay_minus1 and AuCpbRemovalDelayMsb, respectively, of the previous picture in decoding order that has TemporalId equal to 0, that is not a RASL, RADL or sub-layer non-reference picture, and that is within the same buffering period as the current picture.
· AuCpbRemovalDelayMsb is derived as follows:
if( au_cpb_removal_delay_minus1  <=  prevAuCpbRemovalDelayMinus1 )
	AuCpbRemovalDelayMsb = prevAuCpbRemovalDelayMsb + maxCpbRemovalDelay	(D‑1)
else
	AuCpbRemovalDelayMsb = prevAuCpbRemovalDelayMsb
The variable AuCpbRemovalDelayVal is derived as follows:
AuCpbRemovalDelayVal = AuCpbRemovalDelayMsb + au_cpb_removal_delay_minus1 + 1	(D‑2)
The value of AuCpbRemovalDelayVal shall be in the range of 1 to 232, inclusive. Within one buffering period, the AuCpbRemovalDelayVal values for any two access units shall not be the same.
atlas_dab_output_delay is used to compute the DAB output time of the atlas when SubPicHrdFlag is equal to 0. It specifies how many clock ticks to wait after removal of the access unit from the CAB before the decoded atlas is output from the DAB.
NOTE 6 – A atlas is not removed from the DAB at its output time when it is still marked as "used for short-term reference" or "used for long-term reference".
The length of the syntax element atlas_dab_output_delay is given in bits by dab_output_delay_length_minus1 + 1. When asps_max_dec_atlas_buffering_minus1[ minTid ] is equal to 0, where minTid is the minimum of the OpTid values of all operation points the atlas timing SEI message applies to, atlas_dab_output_delay shall be equal to 0.
The output time derived from the atlas_dab_output_delay of any atlas that is output from an output timing conforming decoder shall precede the output time derived from the atlas_dab_output_delay of all atlases in any subsequent CAS in decoding order.
The atlas output order established by the values of this syntax element shall be the same order as established by the values of AtlasOrderCntVal.
For atlases that are not output by the "bumping" process because they precede, in decoding order, an IRAP atlas with NoRaslOutputFlag equal to 1 that has no_output_of_prior_atlases_flag equal to 1 or inferred to be equal to 1, the output times derived from atlas_dpb_output_delay shall be increasing with increasing value of AtlasOrderCntVal relative to all atlases within the same CAS.

Conclusions
It has been identified during HRD description preparation that some essential functionality is not present in the decoder. The document m51164 provides details regarding the modifications for the data temporal alignment and syntax extensions that must be implemented to support temporal alignment of the substreams in the v-pcc bitstream.
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