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Abstract
Modifications are proposed to the sections related to decoding process for PictureOutputFlag and for unavailable reference pictures.
Following is proposed:
· Proposal 1: Modifications are proposed for setting of PictureOutputFlag during decoding process for a coded picture and for general decoding process for generating unavailable reference pictures.
· Proposal 2: A bug-fix is proposed to the decoding process for generating unavailable reference pictures to correctly set the POC value for long-term reference pictures.
Introduction 
VVC WD [1] includes specification text sections on decoding process for PictureOutputFlag and for generating unavailable reference pictures.
Following is proposed:
· Proposal 1: Modifications are proposed for setting PictureOutputFlag during decoding process for a coded picture and for general decoding process for generating unavailable reference pictures. 
· Proposal 2: A bug-fix is proposed to the decoding process for generating unavailable reference pictures to correctly set the POC value for long-term reference pictures.
Proposals
Proposal 1
Modifications are proposed to the setting of PictureOutputFlag in the decoding process for following cases:
· For the decoding process for a current picture (CurrPic)
· For the decoding process for generating unavailable reference pictures, which are generated when the current picture is a CRA picture with NoIncorrectPicOutputFlag equal to 1 or a GRA picture with NoIncorrectPicOutputFlag equal to 1.
It is asserted that without the proposed modifications either an incorrect value is set or no value is set for PictureOutputFlag under these cases.

The proposed changes related to proposal 1 are shown highlighted with respect to VVC WD5.

[bookmark: _Ref4979877][bookmark: _Toc5838568]8 Decoding process
[bookmark: _Toc5838569]8.1 General decoding process
8.1.1 General
Input to this process is a bitstream. Output of this process is a list of decoded pictures.
The decoding process is specified such that all decoders that conform to a specified profile and level will produce numerically identical cropped decoded output pictures when invoking the decoding process associated with that profile for a bitstream conforming to that profile and level. Any decoding process that produces identical cropped decoded output pictures to those produced by the process described herein (with the correct output order or output timing, as specified) conforms to the decoding process requirements of this Specification.
For each IRAP picture in the bitstream, the following applies:
–	If the picture is an IDR picture, the first picture in the bitstream in decoding order, or the first picture that follows an end of sequence NAL unit in decoding order, the variable NoIncorrectPicOutputFlag is set equal to 1.
–	Otherwise, if some external means not specified in this Specification is available to set the variable HandleCraAsCvsStartFlag to a value for the picture, HandleCraAsCvsStartFlag is set equal to the value provided by the external means and NoIncorrectPicOutputFlag is set equal to HandleCraAsCvsStartFlag.
–	Otherwise, HandleCraAsCvsStartFlag and NoIncorrectPicOutputFlag are both set equal to 0.
For each GRA picture in the bitstream, the following applies:
–	If the current picture is the first picture in the bitstream in decoding order or the first picture that follows an end of sequence NAL unit in decoding order, the variable NoIncorrectPicOutputFlag is set equal to 1.
–	Otherwise, NoIncorrectPicOutputFlag is set equal to 0.
NOTE – The above operations, for both IRAP pictures and GRA pictuures, are needed for identification of the CVSs in the bitstream.
For each CVS in the bitstream, the variable TargetLayerId, which identifies the target layer to be decoded, and the variable HighestTid, which identifies the highest temporal sub-layer to be decoded, are specified as follows:
–	If some external means, not specified in this Specification, is available to set TargetLayerId, TargetLayerId is set by the external means.
–	Otherwise, TargetLayerId is set equal to vps_included_layer_id[ 0 ].
–	If some external means, not specified in this Specification, is available to set HighestTid, HighestTid is set by the external means.
–	Otherwise, HighestTid is set equal to sps_max_sub_layers_minus1.
For each CVS in the bitsstream, the sub-bitstream extraction process as specified in clause 10 is applied with the CVS, TargetLayerId, and HighestTid as inputs, and the output is assigned to a bitstream referred to as CvsToDecode. After that, the instances of CvsToDecode of all the CVSs are concatenated, in decoding order, and the result is assigned to the bitstream BitstreamToDecode.
Clause 8.1.2 is repeatedly invoked for each coded picture in BitstreamToDecode in decoding order.

8.1.2 [bookmark: _Ref392994373][bookmark: _Toc415475896][bookmark: _Toc423599171][bookmark: _Toc423601675][bookmark: _Toc462913172]Decoding process for a coded picture
The decoding processes specified in this clause apply to each coded picture, referred to as the current picture and denoted by the variable CurrPic, in BitstreamToDecode.
Depending on the value of chroma_format_idc, the number of sample arrays of the current picture is as follows:
–	If chroma_format_idc is equal to 0, the current picture consists of 1 sample array SL.
–	Otherwise (chroma_format_idc is not equal to 0), the current picture consists of 3 sample arrays SL, SCb, SCr.
The decoding process for the current picture takes as inputs the syntax elements and upper-case variables from clause 7. When interpreting the semantics of each syntax element in each NAL unit, and in the remaining parts of clause 8, the term "the bitstream" (or part thereof, e.g., a CVS of the bitstream) refers to BitstreamToDecode (or part thereof).
Depending on the value of separate_colour_plane_flag, the decoding process is structured as follows:
–	If separate_colour_plane_flag is equal to 0, the decoding process is invoked a single time with the current picture being the output.
–	Otherwise (separate_colour_plane_flag is equal to 1), the decoding process is invoked three times. Inputs to the decoding process are all NAL units of the coded picture with identical value of colour_plane_id. The decoding process of NAL units with a particular value of colour_plane_id is specified as if only a CVS with monochrome colour format with that particular value of colour_plane_id would be present in the bitstream. The output of each of the three decoding processes is assigned to one of the 3 sample arrays of the current picture, with the NAL units with colour_plane_id equal to 0, 1 and 2 being assigned to SL, SCb and SCr, respectively.
NOTE – The variable ChromaArrayType is derived as equal to 0 when separate_colour_plane_flag is equal to 1 and chroma_format_idc is equal to 3. In the decoding process, the value of this variable is evaluated resulting in operations identical to that of monochrome pictures (when chroma_format_idc is equal to 0).
The decoding process operates as follows for the current picture CurrPic:
1. The decoding of NAL units is specified in clause 8.2.
2. The processes in clause 8.3 specify the following decoding processes using syntax elements in the slice header layer and above:
–	Variables and functions relating to picture order count are derived as specified in clause 8.3.1. This needs to be invoked only for the first slice of a picture.
–	At the beginning of the decoding process for each slice of a non-IDR picture, the decoding process for reference picture lists construction specified in clause 8.3.2 is invoked for derivation of reference picture list 0 (RefPicList[ 0 ]) and reference picture list 1 (RefPicList[ 1 ]).
–	The decoding process for reference picture marking in clause 8.3.3 is invoked, wherein reference pictures may be marked as "unused for reference" or "used for long-term reference". This needs to be invoked only for the first slice of a picture.
–	When the current picture is a CRA picture with NoIncorrectPicOutputFlag equal to 1 or GRA picture with NoIncorrectPicOutputFlag equal to 1, the decoding process for generating unavailable reference pictures specified in subclause 8.3.4 is invoked, which needs to be invoked only for the first slice of a picture.
–	PictureOutputFlag is set as follows:
–	If one of the following conditions is true, PictureOutputFlag is set equal to 0:
–	the current picture is a RASL picture and NoIncorrectPicOutputFlag of the associated IRAP picture is equal to 1.
–	gra_enabled_flag is equal to 1 and the current picture is GRA picture with NoIncorrectPicOutputFlag equal to 1.
–	gra_enabled_flag is equal to 1, the current picture is associated with a GRA picture with NoIncorrectPicOutputFlag equal to 1, and PicOrderCntVal of the current picture is less than RpPicOrderCntVal of the associated GRA picture.
–	Otherwise, PictureOutputFlag is set equal to 1pic_output_flag.
3. [Ed. (YK): Add herein the invocation of the decoding processes for coding tree units, scaling, transform, in-loop filtering, etc.]
4. After all slices of the current picture have been decoded, the current decoded picture is marked as "used for short-term reference".
8.3.4. Decoding process for generating unavailable reference pictures
8.3.4.1 General decoding process for generating unavailable reference pictures
This process is invoked once per coded picture when the current picture is a CRA picture with NoIncorrectPicOutputFlag equal to 1 or a GRA picture with NoIncorrectPicOutputFlag equal to 1.
When this process is invoked, the following applies:
· For each 	RefPicList[ i ][ j ], with i in the range of 0 to 1, inclusive, and j in the range of 0 to num_ref_entries[ i ][ RplsIdx[ i ] ] − 1, inclusive, that is equal to "no reference picture", a picture is generated as specified in subclause 8.3.4.2 and the following applies:
· If st_ref_pic_flag[ i ][ RplsIdx[ i ] ][ j ] is equal to 1, the value of PicOrderCntVal for the generated picture is set equal to RefPicPocList[ i ][ j ] and the generated picture is marked as "used for short-term reference".
· Otherwise (st_ref_pic_flag[ i ][ RplsIdx[ i ] ][ j ] is equal to 0), the value of PicOrderCntVal for the generated picture is set equal to PicOrderCntVal − poc_lsb_lt[ i ][ RplsIdx[ i ] ][ j ] – ( delta_poc_msb_present_flag[ i ][ j ] ? ( DeltaPocMsbCycleLt[ i ][ j ] * MaxPicOrderCntLsb ) : 0 ), and the generated picture is marked as "used for long-term reference". 
· The value of PicOutputFlag for the generated reference picture is set equal to 0.
· RefPicList[ i ][ j ] is set to be the generated reference picture.

Proposal 2
A modification is proposed to the decoding process for generating unavailable reference pictures to correctly set the picture order count value for long-term reference pictures.
It is asserted that without these modification, an incorrect picture order count  value is set for the generated reference picture.
The proposed changes related to proposal 2 are shown highlighted with respect to VVC WD5.

8.3.2 [bookmark: _Toc317198785][bookmark: _Ref327286745][bookmark: _Ref397945616][bookmark: _Ref398992057][bookmark: _Ref398992125][bookmark: _Ref398993017][bookmark: _Toc415475904][bookmark: _Toc423599179][bookmark: _Toc423601683][bookmark: _Ref462843530][bookmark: _Toc501130188][bookmark: _Toc503777892][bookmark: _Ref520966352][bookmark: _Ref520966367][bookmark: _Ref520979168][bookmark: _Ref1722683][bookmark: _Ref1722814][bookmark: _Ref2061125][bookmark: _Ref5834098][bookmark: _Ref5835135][bookmark: _Toc5838573]Decoding process for reference picture lists construction
This process is invoked at the beginning of the decoding process for each slice of a non-IDR picture.
Reference pictures are addressed through reference indices. A reference index is an index into a reference picture list. When decoding an I slice, no reference picture list is used in decoding of the slice data. When decoding a P slice, only reference picture list 0 (i.e., RefPicList[ 0 ]), is used in decoding of the slice data. When decoding a B slice, both reference picture list 0 and reference picture list 1 (i.e., RefPicList[ 1 ]) are used in decoding of the slice data.
At the beginning of the decoding process for each slice of a non-IDR picture, the reference picture lists RefPicList[ 0 ] and RefPicList[ 1 ] are derived. The reference picture lists are used in marking of reference pictures as specified in clause 8.3.3 or in decoding of the slice data.
NOTE 1 – For an I slice of a non-IDR picture that it is not the first slice of the picture, RefPicList[ 0 ] and RefPicList[ 1 ] may be derived for bitstream conformance checking purpose, but their derivation is not necessary for decoding of the current picture or pictures following the current picture in decoding order. For a P slice that it is not the first slice of a picture, RefPicList[ 1 ] may be derived for bitstream conformance checking purpose, but its derivation is not necessary for decoding of the current picture or pictures following the current picture in decoding order.
The reference picture lists RefPicList[ 0 ] and RefPicList[ 1 ] are constructed as follows:
for( i = 0; i < 2; i++ ) {
		for( j = 0, k = 0, pocBase = PicOrderCntVal; j < num_ref_entries[ i ][ RplsIdx[ i ] ]; j++) {
			if( st_ref_pic_flag[ i ][ RplsIdx[ i ] ][ j ] ) {
				RefPicPocList[ i ][ j ] = pocBase − DeltaPocSt[ i ][ RplsIdx[ i ] ][ j ]
				if( there is a reference picture picA in the DPB with PicOrderCntVal equal to RefPicPocList[ i ][ j ] )
					RefPicList[ i ][ j ] = picA
				else
					RefPicList[ i ][ j ] = "no reference picture"					(8‑5)
				pocBase = RefPicPocList[ i ][ j ]
			} else {
				if( !delta_poc_msb_cycle_lt[ i ][ k ] ) {
					if( there is a reference picA in the DPB with PicOrderCntVal & ( MaxPicOrderCntLsb − 1 )
										equal to PocLsbLt[ i ][ k ] )
						RefPicList[ i ][ j ] = picA
					else
						RefPicList[ i ][ j ] = "no reference picture"
					RefPicLTPocList[ i ][ j ] = PocLsbLt[ i ][ k ]
				} else {
					if( there is a reference picA in the DPB with PicOrderCntVal equal to
										FullPocLt[ i ][ RplsIdx[ i ] ][ k ] )
						RefPicList[ i ][ j ] = picA
					else
						RefPicList[ i ][ j ] = "no reference picture"
					RefPicLTPocList[ i ][ j ] = FullPocLt[ i ][ RplsIdx[ i ] ][ k ]
			}
				k++
		}
	}
}
For each i equal to 0 or 1, the first NumRefIdxActive[ i ] entries in RefPicList[ i ] are referred to as the active entries in RefPicList[ i ], and the other entries in RefPicList[ i ] are referred to as the inactive entries in RefPicList[ i ].
NOTE 2 – It is possible that a particular picture is referred to by both an entry in RefPicList[ 0 ] and an entry in RefPicList[ 1 ]. It is also possible that a particular picture is referred to by more than one entry in RefPicList[ 0 ] or by more than one entry in RefPicList[ 1 ].
NOTE 3 – The active entries in RefPicList[ 0 ] and the active entries in RefPicList[ 1 ] collectively refer to all reference pictures that may be used for inter prediction of the current picture and one or more pictures that follow the current picture in decoding order. The inactive entries in RefPicList[ 0 ] and the inactive entries in RefPicList[ 1 ] collectively refer to all reference pictures that are not used for inter prediction of the current picture but may be used in inter prediction for one or more pictures that follow the current picture in decoding order.
NOTE 4 – There may be one or more entries in RefPicList[ 0 ] or RefPicList[ 1 ] that are equal to "no reference picture" because the corresponding pictures are not present in the DPB. Each inactive entry in RefPicList[ 0 ] or RefPicList[ 0 ] that is equal to "no reference picture" should be ignored. An unintentional picture loss should be inferred for each active entry in RefPicList[ 0 ] or RefPicList[ 1 ] that is equal to "no reference picture".
It is a requirement of bitstream conformance that the following constraints apply:
· For each i equal to 0 or 1, num_ref_entries[ i ][ RplsIdx[ i ] ] shall not be less than NumRefIdxActive[ i ].
· The picture referred to by each active entry in RefPicList[ 0 ] or RefPicList[ 1 ] shall be present in the DPB and shall have TemporalId less than or equal to that of the current picture.
· The picture referred to by each entry in RefPicList[ 0 ] or RefPicList[ 1 ] shall not be the current picture.
· An STRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of a slice of a picture and an LTRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] of the same slice or a different slice of the same picture shall not refer to the same picture.
· There shall be no LTRP entry in RefPicList[ 0 ] or RefPicList[ 1 ] for which the difference between the PicOrderCntVal of the current picture and the PicOrderCntVal of the picture referred to by the entry is greater than or equal to 224.
· Let setOfRefPics be the set of unique pictures referred to by all entries in RefPicList[ 0 ] and all entries in RefPicList[ 1 ]. The number of pictures in setOfRefPics shall be less than or equal to sps_max_dec_pic_buffering_minus1 and setOfRefPics shall be the same for all slices of a picture.

8.3.4 Decoding process for generating unavailable reference pictures
8.3.4.1 General decoding process for generating unavailable reference pictures
This process is invoked once per coded picture when the current picture is a CRA picture with NoIncorrectPicOutputFlag equal to 1 or a GRA picture with NoIncorrectPicOutputFlag equal to 1.
When this process is invoked, the following applies:
· For each 	RefPicList[ i ][ j ], with i in the range of 0 to 1, inclusive, and j in the range of 0 to num_ref_entries[ i ][ RplsIdx[ i ] ] − 1, inclusive, that is equal to "no reference picture", a picture is generated as specified in subclause 8.3.4.2 and the following applies:
· If st_ref_pic_flag[ i ][ RplsIdx[ i ] ][ j ] is equal to 1, the value of PicOrderCntVal for the generated picture is set equal to RefPicPocList[ i ][ j ] and the generated picture is marked as "used for short-term reference".
· Otherwise (st_ref_pic_flag[ i ][ RplsIdx[ i ] ][ j ] is equal to 0), the value of PicOrderCntVal for the generated picture is set equal to PicOrderCntVal − poc_lsb_lt[ i ][ RplsIdx[ i ] ][ j ] – ( delta_poc_msb_present_flag[ i ][ j ] ? ( DeltaPocMsbCycleLt[ i ][ j ] * MaxPicOrderCntLsb ) : 0 ) RefPicLTPocList [ i ][ j ], and the generated picture is marked as "used for long-term reference". 
· RefPicList[ i ][ j ] is set to be the generated reference picture.
Conclusion
[bookmark: _GoBack]This document proposes modifications to decoding process for PictureOutputFlag and for unavailable reference pictures in VVC. It is proposed to adopt the proposals in the next version of VVC WD.
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