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Abstract
This contribution proposes some text changes asserted to enable the specification of HRD conformance for bitstream parts containing GRA pictures. The key aspect is allowing association of a buffering period SEI message with a GRA access unit.
Furthermore, it is proposed to change the term gradual random access (GRA) to gradual decoding refresh (GDR).
The proposed text changes for the first aspect, along with some obvious minor bug fixes, are provided in this contribution document. Text changes for the second aspect are not provided below and are suggested to be made during the editing period of the output VVC draft text of this JVET meeting.
Introduction
The current specification of gradual random access (GRA) pictures in the latest draft specification of VVC does not support specifying HRD parameters and defining HRD operation based conformance for bitstream parts containing GRA pictures.
Therefore, it is proposed that this is fixed.
Furthermore, it is proposed to change the term gradual random access (GRA) to gradual decoding refresh (GDR). The term GDR has been established since long ago. For example, GDR as a term has been used in the AVC file format in ISO/IEC 14496-15, and it is also defined and used in HEVC specification. While the signalling has been changed in VVC (by using a new NAL unit type, etc.), the concept remains the same. Using a different term would only cause confusion to readers, and in the upcoming VVC file format, additional clarification would have to be added to clarify that GRA and GDR are the same thing.
Proposal
Summary
The following two aspects are proposed:
1) It is proposed to enable the specification of HRD conformance for bitstream parts containing GRA pictures by allowing association of a buffering period SEI message with a GRA access unit.
2) Editorially, it is proposed to change the term gradual random access (GRA) to gradual decoding refresh (GDR).
The proposed text changes for the first aspect, along with some obvious minor bug fixes, are provided below. Text changes for the second aspect are not provided below and are suggested to be made during the editing period of the output VVC draft text of this JVET meeting.
Definitions (clause 3 in VVC)
gradual random access (GRA) access unit: An access unit in which the coded picture in each present layer access unit is a GRA picture.
intra random access point (IRAP) picture: A coded picture for which each VCL NAL unit has NalUnitType in the range of IDR_W_RADL to CRA_NUT, inclusive.
NOTE – An IRAP picture does not refer to any pictures other than itself for inter prediction in its decoding process, and may be a CRA picture or an IDR picture. The first picture in the bitstream in decoding order must be an IRAP picture or a GRA picture. Provided the necessary parameter sets are available when they need to be activated, the IRAP picture and all subsequent non-RASL pictures in the CVS in decoding order can be correctly decoded without performing the decoding process of any pictures that precede the IRAP picture in decoding order.
trailing picture: A non-IRAP picture that follows the associated IRAP picture in output order and that is not an STSA picture coded picture for which each VCL NAL unit has nal_unit_type equal to TRAIL_NUT.
NOTE – Trailing pictures associated with an IRAP picture also follow the IRAP picture in decoding order. Pictures that follow the associated IRAP picture in output order and precede the associated IRAP picture in decoding order are not allowed.

General slice header syntax (7.3.5.1 in VVC)

	slice_header( ) {
	Descriptor

		...
	ue(v)

		slice_pic_order_cnt_lsb
	u(v)

		if( NalUnitType  = =  GRA_NUT ) 
	

			recovery_poc_cnt
	se(v)

		slice_pic_order_cnt_lsb
	u(v)

	...
	



[bookmark: _Ref398986483][bookmark: _Toc415475855][bookmark: _Toc423599130][bookmark: _Toc423601634]NAL unit header semantics (7.4.2.2 in VVC)
[bookmark: _Ref2347708]Table 7‑1 – NAL unit type codes and NAL unit type classes
	NalUnitType
	Name of NalUnitType
	Content of NAL unit and RBSP syntax structure
	NAL unit
type class

	...
	
	
	

	8
	TRAIL_NUT
	Coded slice of a non-STSA trailing picture
slice_layer_rbsp( )
	VCL

	...
	
	
	



End of sequence RBSP semantics (7.4.3.8 in VVC)
When present, the end of sequence RBSP specifies that the current access unit is the last access unit in the coded video sequence in decoding order and the next subsequent access unit in the bitstream in decoding order (if any) is an IRAP or GRA access unit. The syntax content of the SODB and RBSP for the end of sequence RBSP are empty.

General slice header semantics (7.4.6.1 in VVC)
...
slice_pic_order_cnt_lsb specifies the picture order count modulo MaxPicOrderCntLsb for the current picture. The length of the slice_pic_order_cnt_lsb syntax element is log2_max_pic_order_cnt_lsb_minus4 + 4 bits. The value of the slice_pic_order_cnt_lsb shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.
[bookmark: _GoBack]recovery_poc_cnt specifies the recovery point of decoded pictures in output order. If there is a picture picA that follows the current GRA picture in decoding order in the CVS and that has PicOrderCntVal equal to the PicOrderCntVal of the current GRA picture plus the value of recovery_poc_cnt, the picture picA is referred to as the recovery point picture. Otherwise, the first picture in output order that has PicOrderCntVal greater than the PicOrderCntVal of the current picture plus the value of recovery_poc_cnt is referred to as the recovery point picture. The recovery point picture shall not precede the current GRA picture in decoding order. The value of recovery_poc_cnt shall be in the range of −MaxPicOrderCntLsb / 2 to MaxPicOrderCntLsb / 2 − 1, inclusive.
The variable RpPicOrderCntVal is derived as follows:
RpPicOrderCntVal = PicOrderCntVal + recovery_poc_cnt	(7‑40)
slice_pic_order_cnt_lsb specifies the picture order count modulo MaxPicOrderCntLsb for the current picture. The length of the slice_pic_order_cnt_lsb syntax element is log2_max_pic_order_cnt_lsb_minus4 + 4 bits. The value of the slice_pic_order_cnt_lsb shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.
...
[bookmark: _Ref392994373][bookmark: _Toc415475896][bookmark: _Toc423599171][bookmark: _Toc423601675][bookmark: _Toc462913172]Decoding process for a coded picture (8.1.2 in VVC)
...
–	gra_enabled_flag is equal to 1 and the current picture is a GRA picture with NoIncorrectPicOutputFlag equal to 1.
...
Bitstream conformance (C.4 in VVC)
...
The first coded picture in a bitstream shall be an IRAP picture (, i.e., an IDR picture or a CRA picture) or a GRA picture.
...
Buffering period SEI message semantics (D.3.2 in VVC)
...
The presence of buffering period SEI messages is specified as follows:
–	If NalHrdBpPresentFlag is equal to 1 or VclHrdBpPresentFlag is equal to 1, the following applies for each access unit in the CVS:
· If the access unit is an IRAP or GRA access unit, a buffering period SEI message applicable to the operation point shall be associated with the access unit.
· Otherwise, if the access unit contains a notDiscardablePic, a buffering period SEI message applicable to the operation point may or may not be associated with the access unit.
· Otherwise, the access unit shall not be associated with a buffering period SEI message applicable to the operation point.
–	Otherwise (NalHrdBpPresentFlag and VclHrdBpPresentFlag are both equal to 0), no access unit in the CVS shall be associated with a buffering period SEI message.
...
NOTE 2 – When the current picture contains a buffering period SEI message and concatenation_flag is equal to 1, the cpb_removal_delay_minus1 for the current picture 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 or GRA picture 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 picture prevNonDiscardablePic.
...
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