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Abstract

This contribution proposes a number of modifications on the design of reference picture set and reference picture list signalling in HEVC. The benefits of the proposed design reportedly include improved flexibility, reduced redundancy and higher coding efficiency of the reference picture set design. It is suggested that JCT-VC consider the aspects proposed in this contribution and further discusses these aspects in producing a final design of reference picture sets and reference picture lists.

1 Introduction

A scheme for managing decoded picture buffer (DPB) using reference picture sets (also known previously as buffer descriptions) was proposed in the 6th JCT-VC meeting (Torino, IT, July 2011). In this scheme, DPB management process is performed after the decoding of a slice header but prior to the decoding process for reference picture list construction and prior to the decoding of any coding unit of the slice. The active reference picture set (RPS) is signalled in the slice header either explicitly or by reference to a predefined reference picture sets signalled in an active picture parameter set (PPS).
Reported advantages of the reference picture set scheme include improved error robustness, higher coding efficiency, and simplicity in logic and operations related to temporal scalability and DPB management processes.

As a result of the design and revision activities in Ad-hoc Group 21 on reference picture buffering and list construction, a reference picture set is specified to contain a list of delta picture order count (POC) numbers identifying all reference pictures present in the DPB and usage flags indicating whether or not a reference picture is used as reference for inter prediction by the current picture/slice. 

To reduce signalling redundancy, a number of predefined reference picture sets may be signalled in a PPS. An RPS index is uniquely associated with each predefined RPS. In the slice header, a predefined RPS may be activated (i.e. selected to be used) by indicating its RPS index.
2 Problem Statement
A number of improvements over the current design of reference picture set may be desired as described in the following.
2.1 Modification of predefined reference picture sets

There are cases where predefined reference picture sets need to be modified slightly. One such case is the reference picture sets for a number of "start pictures" following a CRA (clean random access) or IDR (instantaneous decoding refresh) point. For these pictures, predefined reference picture sets need to be different so as to exclude non-existing pictures. In the current design, separate predefined reference picture sets need to be signalled to cater for the "start pictures". 

The reference picture sets for "start pictures" can be modified from the reference picture sets of subsequent "common pictures" by pruning/truncating the reference picture sets of the "common pictures". The flexibility to modify a predefined reference picture set may provide a cleaner design compared to signalling additional reference picture sets separately.
2.2 Signalling of long term reference pictures

The inclusion of long term reference pictures into HEVC is currently under ongoing discussion. It was remarked that long term reference pictures are useful for some purposes including error robustness and recovery.
A candidate signalling for long term pictures were included in an intermediate design discussed by AHG 21. However, in the design, the delta POC to a long term reference picture needs to be included in the reference picture sets of consecutive pictures immediately following the long term picture (in decoding order) up to the instance where the long term picture is removed from the DPB, even when the long term picture is not used as reference by some of those consecutive pictures.

Such a signalling seems costly and some improvements may be desired to reduce the bitrate used for signalling long term reference pictures in reference picture sets, while keeping the error robustness of the reference picture set scheme.
2.3 Reference picture list construction

Predefined reference picture sets are intended mainly to cater for periodic picture referencing structures (such as those used in current HM common test conditions), which are commonly used in today's video coding applications. In some applications especially those performing real-time encoding, the intended order of reference pictures within the reference picture lists have been predefined according to the periodic referencing structure. In other words, reference picture list reordering parameters and processes are the same for each relative picture position within a periodic group of pictures (GOP). 
The current design of RPS and reference picture list construction does not support signalling of predefined reference picture list reordering (RPLR) parameters. For periodic GOP structures, the same RPLR signals are repeated in the slice headers of the pictures having the same relative location within a GOP.
3 Proposal

3.1 Proposed modifications to reference picture set design 
To address the above desired improvements, we propose the following modifications to the design of reference picture set in the current AHG 21 suggested working draft text ([2]).

· Move the initial definition of predefined reference picture sets from PPS (picture parameter set) to SPS (sequence parameter set) syntax structure. In some applications, the GOP structure remains the same throughout an entire coded video sequence. Some of these applications may also send PPS frequently, for example, when quantization matrixes are changed at scene changes or for rate-control purposes (it is noted that quantization matrixes are being considered and are not yet included in the current HEVC design). Therefore, it is desirable to be able to keep the size of PPS to be small.
· Add syntaxes for defining long term reference pictures in the predefined reference picture sets at SPS (or PPS). A long term picture is identified using its absolute POC value, for example using syntax elements "poc_msb" and "poc_lsb" having descriptors ue(v) and u(v), respectively. An example signalling of predefined long term reference pictures are included in the appendix.
· Introduce hierarchical modification of predefined reference picture sets, where a PPS may select and modify an RPS previously defined in the active SPS. The modification applies to all slices which refer to the PPS and select a modified RPS (using its RPS index) to be used. For additional flexibility, RPS modification syntaxes in the PPS may also append new predefined reference picture sets to the set of reference picture sets previously defined in the active SPS. Subsequently, a slice header (SH) may further modify the selected predefined RPS before applying it to the DPB.
· Add reference picture set modification commands at PPS and SH, including the following commands:

· Removing a reference picture from a predefined RPS. Repetitions of this command can be used for pruning an RPS as discussed above.

· Inverting the usage flag (i.e. the flag indicating whether or not a reference picture is used as reference for inter prediction of a current picture) of a reference picture in a predefined RPS. Repetitions of this command can also be used for pruning an RPS.

· Adding a new reference picture into a predefined RPS.

· Moving a reference picture from a short term RPS subset to the long term RPS subset.

· Send predefined reference picture list reordering (RPLR) syntaxes together with predefined RPS at SPS (or PPS). In the SPS/PPS, it is always assumed that both reference list 0 and reference list 1 are present. The RPLR syntax as included in the AHG21 suggested working draft text can be used. When a predefined RPS is modified in a PPS or an SH, the RPLR syntaxes are sent to define possible modifications on top of the initial/default reference picture lists constructed from the modified RPS. In this way, the syntaxes, semantics and processes related to RPLR are kept uncomplicated.

3.2 Benefits of the proposal
This proposal increases the flexibility of reference picture set design to cater for various use scenarios of DPB management using reference picture sets, while keeping a clean design of reference picture sets. 

Using the proposed modifications, redundancy in reference picture set signalling is reduced, thereby reducing the bitrate consumed by reference picture set syntaxes.

3.3 Working draft text

Proposed changes to the HEVC syntaxes, semantics and decoding processes are provided in the appendix. The proposed changes are described on top of the AHG21 suggested working draft text ([2]) instead of the HEVC working draft text ([3]).
Syntaxes and semantics of the proposed changes are described according to the current status of AHG21 discussions. Some related HEVC design elements are not finalized at present, such as POC signalling options using MSB and LSB versus using wrapped POC, long term reference picture support and handling. In such cases, some assumption has been made as to the possible outcome of the 7th JCT-VC meeting. Depending on the actual outcome, syntaxes and semantics of the proposed concepts may need to be modified. 

Aspects of the proposed modifications can be combined with other proposed improvements such as inter-RPS prediction in JCTVC-G198 ([4]) to further improve the design of reference picture set in HEVC. 

4 Conclusion

This contribution describes a number of desired improvements for the design of reference picture set and reference picture list signalling in HEVC. A number of design modifications are subsequently proposed. The benefits of the proposed design reportedly include improved flexibility, reduced redundancy and higher coding efficiency of the reference picture set design. It is suggested that JCT-VC consider the aspects proposed in this contribution and further discusses these aspects in producing a final design of reference picture sets and reference picture lists.
5 References

[1]
R. Sjöberg, J. Samuelsson, “Absolute signaling of reference pictures,” JCT-VC document JCTVC-F493_d8, Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG 16 WP3 and ISO/IEC JTC1/SC29/WG11 6th meeting, Torino, IT, July 2011.

[2]
D. Flynn, R. Sjöberg, J. Samuelsson, Y. Chen, T. K. Tan, W. Wan, Y. K. Wang, JCTVC-F803_d5_RPS_r1, intermediate version of AHG21 suggested HEVC WD text.
[3]
B. Bross, W.-J. Han, J.-R. Ohm, G. J. Sullivan, T. Wiegand, “WD4: Working Draft 4 of High-Efficiency Video Coding,” JCT-VC document JCTVC-F803_d5, Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG 16 WP3 and ISO/IEC JTC1/SC29/WG11 6th meeting, Torino, IT, July 2011.
[4]
T. K. Tan, C. S. Boon, “AHG21: Inter reference picture set prediction syntax and semantics,” JCT-VC document JCTVC-G198, Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG 16 WP3 and ISO/IEC JTC1/SC29/WG11 7th meeting, Geneva, CH, November 2011.
6 Patent rights declaration(s)
Panasonic Corporation may have IPR relating to the technology described in this contribution and, conditioned on reciprocity, is prepared to grant licenses under reasonable and non-discriminatory terms as necessary for implementation of the resulting ITU-T Recommendation | ISO/IEC International Standard (per box 2 of the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form).
Appendix: Proposed text changes for HEVC Working Draft
Proposed working draft text is included below using the following text conventions:

•
Unchanged text that are not shown here is indicated with "…"

•
Removed text is shown with strikethrough.

•
Newly added text is shown in yellow highlight.

…

7.3.2.1
Sequence parameter set RBSP syntax

	seq_parameter_set_rbsp( ) {
	Descriptor

	
…
	

	
long_term_ref_pics_present_flag
	u(1)

	
num_ref_pic_sets
	ue(v)

	
NumRefPicSets = num_ref_pic_sets
	

	
for( idx = 0; idx < num_ref_pic_sets; idx++ ) {
	

	

ref_pic_set( idx )
	

	

ref_pic_list_predefined( idx )
	

	
}
	

	
rbsp_trailing_bits( )
	

	}
	


7.3.2.2
Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

	
…
	

	
num_ref_pic_sets
	ue(v)

	
for(idx = 0; idx < num_ref_pic_sets; idx++)
	

	

ref_pic_set( idx )
	

	
num_ref_pic_set_modifications
	ue(v)

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

	

ref_pic_set_idx
	ue(v)

	

if( ref_pic_set_idx < NumRefPicSets )
	

	


ref_pic_set_modification( ref_pic_set_idx, 0 )
	

	

else if( ref_pic_set_idx == NumRefPicSets ) {
	

	


NumRefPicSets++
	

	


ref_pic_set( ref_pic_set_idx )
	

	

}
	

	

ref_pic_list_predefined( ref_pic_set_idx )
	

	
}
	

	
…
	

	
rbsp_trailing_bits( )
	

	}
	


7.3.2.2.1
Predefined reference picture list syntax
	ref_pic_list_predefined( idx ) {
	Descriptor

	
ref_pic_list_modification_flag_l0
	u(1)

	
if( ref_pic_list_modification_flag_l0 ) {
	

	

do {
	

	


list_modification_idc
	ue(v)

	


if( list_modification_idc  !=  3 )
	

	



ref_pic_idx
	ue(v)

	

} while( list_modification_idc  !=  3 )
	

	
}
	

	
ref_pic_list_modification_flag_l1
	u(1)

	
if( ref_pic_list_modification_flag_l1 ) {
	

	

do {
	

	


list_modification_idc
	ue(v)

	


if( list_modification_idc  !=  3 )
	

	



ref_pic_idx
	ue(v)

	

} while( list_modification_idc  !=  3 )
	

	
}
	

	}
	


…

7.3.3
Slice header syntax

	slice_header( ) {
	Descriptor

	
…
	

	
if( !lightweight_slice_flag ) {
	

	

…
	

	

if( IdrPicFlag ) {
	

	


…
	

	

}
	

	

else {
	

	


pic_order_cnt_lsb
	u(v)

	


ref_pic_set_pps_flag




ref_pic_set_predefined_flag
	u(1)

	


if( ! ref_pic_set_pps_flag )




if( ! ref_pic_set_predefined_flag )
	

	



ref_pic_set( num_ref_pic_sets )





ref_pic_set( NumRefPicSets )
	

	


else {
	

	



ref_pic_set_idx
	u(v)ue(v)

	



ref_pic_set_modification( ref_pic_set_idx, 1 )
	

	


}
	

	


if( slice_type  = =  P  | |  slice_type  = =  B ) {
	

	



num_ref_idx_active_override_flag
	u(1)

	



if( num_ref_idx_active_override_flag ) {
	

	




num_ref_idx_l0_active_minus1
	ue(v)

	




if( slice_type  = =  B )
	

	





num_ref_idx_l1_active_minus1
	ue(v)

	



}
	

	


}
	

	

}
	

	

ref_pic_list_modification( )
	

	

ref_pic_list_combination( )
	

	
}
	

	
…
	

	}
	


7.3.3.1
Reference picture set syntax

	ref_pic_set( idx ) {
	Descriptor

	
num_negative_pics
	ue(v)

	
num_positive_pics
	ue(v)

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

	

delta_poc_s0_minus1[ i ]
	ue(v)

	

used_by_curr_pic_s0_flag[ i ]
	u(1)

	
}
	

	
num_positive_pics
	ue(v)

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

	

delta_poc_s1_minus1[ i ]
	ue(v)

	

used_by_curr_pic_s1_flag[ i ]
	u(1)

	
}
	

	
if( long_term_ref_pics_present_flag ) {
	

	

num_long_term_pics
	ue(v)

	

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

	


poc_msb_lt[ i ]
	ue(v)

	


poc_lsb_lt[ i ]
	u(v)

	


used_by_curr_pic_lt_flag[ i ]
	u(1)

	

}
	

	
}
	

	}
	


7.3.3.x
Reference picture set modification syntax

	ref_pic_set_modification( idx, sliceFlag ) {
	Descriptor

	
do {
	

	

ref_pic_set_mod_operation
	ue(v)

	

if(( ref_pic_set_mod_operation == 1 && 



      long_term_ref_pics_present_flag ) ||



    ( ref_pic_set_mod_operation == 2 && 



      long_term_ref_pics_present_flag ))
	

	


ref_pic_set_subgroup
	u(2)

	

if(( ref_pic_set_mod_operation == 1 && 



      !long_term_ref_pics_present_flag ) ||



    ( ref_pic_set_mod_operation == 2 && 



      !long_term_ref_pics_present_flag ) ||



      ref_pic_set_mod_operation == 3 ||



      ref_pic_set_mod_operation == 5 )
	

	


positive_st_subgroup_flag
	u(1)

	

if( ref_pic_set_mod_operation == 1 ||



     ref_pic_set_mod_operation == 2 || 



     ref_pic_set_mod_operation == 5 || 



     ref_pic_set_mod_operation == 6 )
	

	


ref_pic_idx
	ue(v)

	

if( ref_pic_set_mod_operation == 3 ) {
	

	


delta_poc_st_minus1
	ue(v)

	


used_by_curr_pic_st_flag
	u(1)

	

}
	

	

if( ref_pic_set_mod_operation == 4 ) {
	

	


poc_msb_lt
	ue(v)

	


poc_lsb_lt
	u(v)

	


used_by_curr_pic_lt_flag
	u(1)

	

}
	

	

if(( ref_pic_set_mod_operation == 5 && !sliceFlag ) ||



    ( ref_pic_set_mod_operation == 6 && !sliceFlag )) {
	

	


poc_msb_base
	ue(v)

	


poc_lsb_base
	u(v)

	

}
	

	
} while( ref_pic_set_mod_operation != 0 )
	

	}
	


7.3.3.2x
Reference picture list modification syntax

	ref_pic_list_modification( ) {
	Descriptor

	
if( slice_type  !=  2 ) {
	

	

ref_pic_list_modification_flag_l0
	u(1)

	

if( ref_pic_list_modification_flag_l0 )
	

	


do {
	

	



list_modification_idc
	ue(v)

	



if( list_modification_idc  !=  2 )





if( list_modification_idc  !=  3 )
	

	




ref_pic_set_idx






ref_pic_idx
	ue(v)

	


} while( list_modification_idc  !=  2 )




} while( list_modification_idc  !=  3 )
	

	
}
	

	
if( slice_type   = =  1 ) { 
	

	

ref_pic_list_modification_flag_l1
	u(1)

	

if( ref_pic_list_modification_flag_l1 )
	

	


do {
	

	



list_modification_idc
	ue(v)

	



if( list_modification_idc  !=  2 )





if( list_modification_idc  !=  3 )
	

	




ref_pic_set_idx






ref_pic_idx
	ue(v)

	


} while( list_modification_idc  !=  2 )




} while( list_modification_idc  !=  3 )
	

	
}
	

	}
	


…
7.4.2.1
Sequence parameter set RBSP semantics

…

long_term_ref_pics_present_flag equal to 0 specifies that no long-term reference picture is used for inter prediction of any coded picture referring to the sequence parameter set. long_term_ref_pics_present_flag equal to 1 specifies that long-term reference pictures may be used for inter prediction of one or more coded pictures referring to the sequence parameter set.

num_ref_pic_sets specifies the number of reference picture sets that are specified in the sequence parameter set. The value of num_ref_pic_sets shall be in the range of 0 to 64, inclusive. The variable NumRefPicSets is set equal to num_ref_pic_sets.

NOTE – A decoder must allocate space for a total number of 64 reference picture sets since a coded video sequence may contain up to 64 reference picture sets. Additional reference picture sets may be defined in the picture parameter set and/or the slice header even when num_ref_pic_sets is less than 64.
7.4.2.2
Picture parameter set RBSP semantics

…

num_ ref_pic_sets specifies the number of reference picture sets that are specified in the picture parameter set. The value of num_ref_pic_sets shall be in the range of 0 to 64, inclusive.

NOTE – A decoder must allocate space for a total number of num_ref_pic_sets + 1 reference picture sets since a coded video sequence may contain up to one reference picture set explicitly signalled in the slice headers of a current picture. An explicitly signalled reference picture set will always have an index equal to num_ref_pic_sets in the list of reference picture sets.

num_ref_pic_set_modifications specifies the number of predefined reference picture sets to be modified by the picture parameter set. The value of num_ref_pic_set_modifications shall be in the range of 0 to 63, inclusive.

ref_pic_set_idx specifies the index to the list of reference picture sets specified in the active sequence parameter set that shall be modified by the syntax elements in the ref_pic_set_modification( ) syntax structure in the picture parameter set. The value of ref_pic_set_idx shall be in the range of 0 to 62, inclusive.
…
7.4.2.2.1
Predefined reference picture list semantics

The syntax elements list_modification_idc, ref_pic_idx specify the change from the initial reference picture lists to the predefined reference picture lists corresponding to the predefined reference picture sets.

ref_pic_list_modification_flag_l0 equal to 1 specifies that the syntax element list_modification_idc is present for specifying reference picture list 0. ref_pic_list_modification_flag_l0 equal to 0 specifies that this syntax element is not present.

When ref_pic_list_modification_flag_l0 is equal to 1, the number of times that list_modification_idc is not equal to 3 following ref_pic_list_modification_flag_l0 shall not exceed 32.

ref_pic_list_modification_flag_l1 equal to 1 specifies that the syntax element list_modification_idc is present for specifying reference picture list 1. ref_pic_list_modification_flag_l1 equal to 0 specifies that this syntax element is not present.

When ref_pic_list_modification_flag_l1 is equal to 1, the number of times that list_modification_idc is not equal to 3 following ref_pic_list_modification_flag_l1 shall not exceed 32.

list_modification_idc together with ref_pic_idx specifies which of the reference pictures are re-mapped. The values of list_modification_idc are specified in Table 7‑x. The value of the first list_modification_idc that follows immediately after ref_pic_list_modification_flag_l0 or ref_pic_list_modification_flag_l1 shall not be equal to 3.

Table 7‑x – list_modification_idc operations for construction of predefined reference picture lists

	list_modification_idc
	modification specified

	0
	For list 0: ref_pic_idx is present and corresponds to an index to RefPicSetCurr0; For list 1: ref_pic_idx is present and corresponds to an index to RefPicSetCurr1

	1
	For list 0: ref_pic_idx is present and corresponds to an index to RefPicSetCurr1; For list 1: ref_pic_idx is present and corresponds to an index to RefPicSetCurr0

	2
	ref_pic_idx is present and corresponds to an index to RefPicSetLtCurr

	3
	End loop for modification of the initial reference picture list


ref_pic_idx specifies the index, to RefPicSetCurr0, RefPicSetCurr1 or RefPicSetLtCurr of the reference picture being moved to the current index in the reference picture list. The value of ref_pic_set_idx shall be in the range of 0 to max_num_ref_frames, inclusive.
…
7.4.3
Slice header semantics

…
ref_pic_set_pps_flagpredefined_ref_pic_set_flag equal to 1 specifies that the reference picture set of the current picture shall be created using syntax elements in the active sequence parameter set and the active picture parameter set. ref_pic_set_pps_flagpredefined_pic_set_flag equal to 0 specifies that the reference picture set of the current picture shall be created using syntax elements in the ref_pic_set( ) syntax structure in the slice header.

ref_pic_set_idx specifies the index to the list of reference picture sets specified in the active sequence parameter set and the active picture parameter set that shall be used for creation of the reference picture set of the current picture. The syntax element ref_pic_set_idx shall be represented by ceil( log2( num_ref_pic_sets ) ) bits. The value of ref_pic_set_idx shall be in the range of 0 to num_ref_pic_sets – 162, inclusive, where num_ref_pic_sets is the syntax element from the active picture parameter set.

The variable RpsIdx is derived as follows.


if( ref_pic_set_pps_flagpredefined_pic_set_flag )


RpsIdx = ref_pic_set_idx

else












 (7‑x)


 RpsIdx = num_ref_pic_setsNumRefPicSets
…

7.4.3.1
Reference picture set semantics
…

A reference picture set may be present in a sequence parameter set, a picture parameter set or in a slice header. If a reference picture set is present in a slice header the content of the reference picture set syntax structure shall be the same in all slice headers of a picture and the value of idx shall be equal to the syntax element num_ref_pic_sets from the active picture parameter set variable NumRefPicSets.
num_negative_pics specifies the number of the following delta_poc_s0_minus1[ i ] and used_by_curr_pic_s0_flag[ i ] syntax elements. The value of num_negative_pics shall be in the range of 0 to max_num_ref_frames, inclusive.

The variable NumNegativePics[ idx ] is derived as follows.


NumNegativePics[ idx ] = num_negative_pics





 (7‑x)

num_positive_pics specifies the number of the following delta_poc_s1_minus1[ i ] and used_by_curr_pic_s1_flag1[ i ] syntax elements. The value of num_positive_pics shall be in the range of 0 to max_num_ref_frames – num_negative_pics, inclusive.

The variable NumPositivePics[ idx ] is derived as follows.


NumPositivePics[ idx ] = num_positive_pics





 (7‑x)

delta_poc_s0_minus1[ i ] plus 1 specifies an absolute difference between two picture order count values. The value of delta_poc_s0_minus1[ i ] shall be in the range of 0 to 215 – 1, inclusive.

The variable DeltaPocS0[ idx ][ i ] is derived as follows.


if (i  = =  0) 


DeltaPocS0[ idx ][ i ] = – ( delta_poc_s0_minus1[ i ] + 1 )



 (7‑x)

else


DeltaPocS0[ idx ][ i ] = DeltaPocS0[ idx ][ i – 1 ] – ( delta_poc_s0_minus1[ i ] + 1 )

used_by_curr_pic_s0_flag[ i ] equal to 0 specifies that the i-th reference picture that has picture order count less than that of the current picture is not used for reference by the current picture.
The variable UsedByCurrPicS0[ idx ][ i ] is derived as follows.


UsedByCurrPicS0[ idx ][ i ] = used_by_curr_pic_s0_flag[ i ]




 (7‑x)
Let CurrPicOrderCnt be the picture order count value of a current picture with RpsIdx equal to idx; If the reference picture with PicOrderCnt equal to CurrPicOrderCnt + DeltaPocS0[ idx ][ i ], has higher temporal_id than the current picture UsedByCurrPicS0[ idx ][ i ] must be equal to 0.

num_positive_pics specifies the number of the following delta_poc_s1_minus1[ i ] and used_by_curr_pic_s1_flag1[ i ] syntax elements. The value of num_positive_pics shall be in the range of 0 to max_num_ref_frames – num_negative_pics, inclusive.

The variable NumPositivePics[ idx ] is derived as follows.


NumPositivePics[ idx ] = num_positive_pics





 (7‑x)
delta_poc_s1_minus1[ i ] plus 1 specifies an absolute difference between two picture order count values. The value of delta_poc_s1_minus1[ i ] shall be in the range of 0 to 215 – 1, inclusive.
The variable DeltaPocS1[ idx ][ i ] is derived as follows.


if (i  = =  0) 


DeltaPocS1[ idx ][ i ] = delta_poc_s1_minus1[ i ] + 1




 (7‑x)

else


DeltaPocS1[ idx ][ i ] = DeltaPocS1[ idx ][ i – 1 ] + ( delta_poc_s1_minus1[ i ] + 1 )

used_by_curr_pic_s1_flag[ i ] equal to 0 specifies that the i-th reference picture that has picture order count greater than that of the current picture is not used for reference by the current picture.
The variable UsedByCurrPicS1[ idx ][ i ] is derived as follows.


UsedByCurrPicS1[ idx ][ i ] = used_by_curr_pic_s1_flag[ i ]




 (7‑x)
Let CurrPicOrderCnt be the picture order count value of a current picture with RpsIdx equal to idx; If the reference picture with PicOrderCnt equal to CurrPicOrderCnt + DeltaPocS1[ idx ][ i ], has higher temporal_id than the current picture UsedByCurrPicS1[ idx ][ i ] must be equal to 0.

num_long_term_pics specifies the number of the following poc_msb_lt[ i ], poc_lsb_lt[ i ] and used_by_curr_pic_lt_flag[ i ] syntax elements. The value of num_long_term_pics shall be in the range of 0 to max_num_ref_frames – num_negative_pics – num_positive_pics, inclusive.

The variable NumLongTermPics[ idx ] is derived as follows.


NumLongTermPics[ idx ] = num_long_term_pics





 (7‑x)

poc_msb_lt[ i ] together with poc_lsb_lt[ i ] specifies the variable PicOrderCnt associated with the i-th long term reference picture.

poc_lsb_lt[ i ] together with poc_msb_lt[ i ] specifies the variable PicOrderCnt associated with the i-th long term reference picture. The length of the poc_lsb_lt[ i ] syntax element is log2_max_pic_order_cnt_lsb_minus4 + 4 bits. The value of poc_lsb_lt[ i ] shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.

The variable PocLt[ idx ][ i ] is derived as follows.


PocLt[ idx ][ i ] = ( poc_lt_msb[ i ] << ( log2_max_pic_order_cnt_lsb_minus4 + 4 ) ) 

                              + poc_lt_lsb[ i ]
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The value of PocLt[ idx ][ i ] shall be in the range of –231 to 231 – 1, inclusive.

used_by_curr_pic_lt_flag[ i ] equal to 0 specifies that the i-th reference picture that has picture order count equal to PocLt[ idx ][ i ] is not used for reference by the current picture.
The variable UsedByCurrPicLt[ idx ][ i ] is derived as follows.


UsedByCurrPicLt[ idx ][ i ] = used_by_curr_pic_lt_flag[ i ]




 (7‑x)
Let CurrPicOrderCnt be the picture order count value of a current picture with RpsIdx equal to idx; If the reference picture with PicOrderCnt equal to PocLt[ idx ][ i ], has higher temporal_id than the current picture UsedByCurrPicLt[ idx ][ i ] must be equal to 0.
7.4.3.x
Reference picture set modification semantics

A reference picture set modification syntax structure may be present in a picture parameter set or a slice header. If a reference picture set modification syntax structure is present in a slice header the content of the reference picture set syntax structure shall be the same in all slice headers of a picture.

ref_pic_set_mod_operation specifies an operation to be applied to modify the reference picture set. The ref_pic_set_mod_operation syntax element is followed by data necessary for the operation specified by the value of ref_pic_set_mod_operation. The values and control operations associated with ref_pic_set_mod_operation are specified in Table 7-x. The ref_pic_set_mod_operation syntax elements are processed by the decoding process in the order in which they appear in the picture parameter set or the slice header.

Table 7‑x Reference picture set modification operation values
	ref_pic_set_mod_operation
	Reference picture set modification operation

	0
	End the ref_pic_set_mode_operation syntax element loop

	1
	Remove a reference picture from the current reference picture set

	2
	Invert the classification of whether or not a reference picture is used for reference by the current picture

	3
	Add a short term reference picture into the current reference picture set

	4
	Add a long term reference picture into the current reference picture set.

	5
	Change a short term reference picture into a long term reference picture

	6
	Change a long term reference picture into a short term reference picture


ref_pic_set_subgroup is used (with ref_pic_set_mod_operation equal to 1 or 2) to select a reference picture set subgroup to be modified. ref_pic_set_subgroup equal to 0 selects the short term reference picture set subgroup having negative delta POC values relative to the current picture. ref_pic_set_subgroup equal to 1 selects the short term reference picture set subgroup having positive delta POC values relative to the current picture. ref_pic_set_subgroup equal to 2 selects the long term reference picture set subgroup.

positive_st_subgroup_flag is used (with ref_pic_set_mod_operation equal to 1, 2, 3, 5 or 6) to select a short term reference picture set subgroup to be modified. positive_st_subgroup_flag equal to 0 selects the short term reference set subgroup having negative delta POC values relative to the current picture. positive_st_subgroup_flag equal to 1 selects the short term reference picture set subgroup having positive delta POC values relative to the current picture.

ref_pic_idx is used (with ref_pic_set_mod_operation equal to 1, 2, 5 or 6) to specify the index to the reference picture to be modified within a reference picture set subgroup specified by either ref_pic_set_subgroup or positive_st_subgroup_flag. The value of ref_pic_idx shall be in the range of 0 to either NumNegativePics[ idx ] – 1, NumPositivePics[ idx ] – 1 or NumPositivePics[ idx ] – 1, inclusive, depending on the selected reference picture set subgroup.

delta_poc_st_minus1 plus 1 (with ref_pic_set_mod_operation equal to 3) specifies an absolute difference between the picture order count value of the current picture and the picture order count value of the reference picture to be added into the selected short term reference picture set subgroup. The value of delta_poc_st_minus1 shall be in the range of 0 to MaxPicOrderCntLsb – 1, inclusive.

used_by_curr_pic_st_flag is used (with ref_pic_set_mod_operation equal to 3) to specify whether or not the newly added short term reference picture is used for reference by the current picture. used_by_curr_pic_st_flag equal to 0 specifies that the short term reference picture is not used for reference by the current picture. used_by_curr_pic_st_flag equal to 1 specifies that the short term reference picture may be used for reference by the current picture.

poc_msb_lt together with poc_lsb_lt (with ref_pic_set_mod_operation equal to 4) specifies the variable PicOrderCnt associated with the newly added long term reference picture.

poc_lsb_lt together with poc_msb_lt (with ref_pic_set_mod_operation equal to 4) specifies the variable PicOrderCnt associated with the newly added long term reference picture. The length of the poc_lsb_lt syntax element is log2_max_pic_order_cnt_lsb_minus4 + 4 bits. The value of poc_lsb_lt shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.

used_by_curr_pic_lt_flag is used (with ref_pic_set_mod_operation equal to 4) to specify whether or not the newly added long term reference picture is used for reference by the current picture. used_by_curr_pic_lt_flag equal to 0 specifies that the long term reference picture is not used for reference by the current picture. used_by_curr_pic_lt_flag equal to 1 specifies that the long term reference picture may be used for reference by the current picture.

poc_msb_base together with poc_lsb_base (with ref_pic_set_mod_operation equal to 5) specifies the variable BasePoc specifying a base picture order count value.

poc_lsb_base together with poc_msb_base (with ref_pic_set_mod_operation equal to 5) specifies the variable BasePoc specifying a base picture order count value. The length of the poc_lsb_base syntax element is log2_max_pic_order_cnt_lsb_minus4 + 4 bits. The value of poc_lsb_base shall be in the range of 0 to MaxPicOrderCntLsb − 1, inclusive.
7.4.3.2x
Reference picture list modification semantics

The syntax elements list_modification_idc, ref_pic_set_idxref_pic_idx specify the change from the initial reference picture lists to the reference picture lists to be used for decoding the slice.

ref_pic_list_modification_flag_l0 equal to 1 specifies that the syntax element list_modification_idc is present for specifying reference picture list 0. ref_pic_list_modification_flag_l0 equal to 0 specifies that this syntax element is not present.

When ref_pic_list_modification_flag_l0 is equal to 1, the number of times that list_modification_idc is not equal to 23 following ref_pic_list_modification_flag_l0 shall not exceed num_ref_idx_l0_active_minus1 + 1.

ref_pic_list_modification_flag_l1 equal to 1 specifies that the syntax element list_modification_idc is present for specifying reference picture list 1. ref_pic_list_modification_flag_l1 equal to 0 specifies that this syntax element is not present.

When ref_pic_list_modification_flag_l1 is equal to 1, the number of times that list_modification_idc is not equal to 23 following ref_pic_list_modification_flag_l1 shall not exceed num_ref_idx_l1_active_minus1 + 1.

list_modification_idc together with ref_pic_set_idx specifies which of the reference pictures are re-mapped. The values of list_modification_idc are specified in Table 7‑4. The value of the first list_modification_idc that follows immediately after ref_pic_list_modification_flag_l0 or ref_pic_list_modification_flag_l1 shall not be equal to 23.

Table 7‑4 – list_modification_idc operations for modification of reference picture lists

	list_modification_idc
	modification specified

	0
	For list 0: ref_pic_set_idxref_pic_idx is present and corresponds to an index to RefPicSetCurr0; For list 1: ref_pic_set_idxref_pic_idx is present and corresponds to an index to RefPicSetCurr1

	1
	For list 0: ref_pic_set_idxref_pic_idx is present and corresponds to an index to RefPicSetCurr1; For list 1: ref_pic_set_idxref_pic_idx is present and corresponds to an index to RefPicSetCurr0

	2
	ref_pic_idx is present and corresponds to an index to RefPicSetLtCurr

	23
	End loop for modification of the initial reference picture list


ref_pic_set_idxref_pic_idx specifies the index, to RefPicSetCurr0 or RefPicSetCurr1 of the reference picture being moved to the current index in the reference picture list. The value of ref_pic_set_idxref_pic_idx shall be in the range of 0 to max_num_ref_frames, inclusive.

…

8.2.2
Decoding process for reference picture set

This process is invoked once per picture, after decoding of a slice header but prior to the decoding of any coding unit and prior to the decoding process for reference picture list construction of the slice as specified in subclause 8.2.3. The process may result in marking one or more reference pictures as "unused for reference".
The modification process for reference picture set is invoked as specified in subclause 8.2.2.1 with RpsIdx as the input and modified variables DeltaPocS0[ RpsIdx ], DeltaPocS1[ RpsIdx ], PocLt[ RpsIdx ], UsedByCurrPicS0[ RpsIdx ], UsedByCurrPicS1[ RpsIdx ], UsedByCurrPicLt[ RpsIdx ], NumNegativePics[ RpsIdx ], NumPositivePics[ RpsIdx ] and NumLongTermPics[ RpsIdx ] as the output.
The reference picture set consists of four subsets, namely RefPicSetCurr0, RefPicSetCurr1, RefPicSetFoll0, and RefPicSetFoll1. Each subset consists of a list of picture order count values. The number of entries in RefPicSetCurr0, RefPicSetCurr1, RefPicSetFoll0 and RefPicSetFoll1 are NumRpsCurr0, NumRpsCurr1, NumRpsFoll0 and NumRpsFoll1, respectively.

If the current picture is an IDR picture, RefPicSetCurr0, RefPicSetCurr1, RefPicSetFoll0 and RefPicSetFoll1 are all set to empty, and NumRpsCurr0, NumRpsCurr1, NumRpsFoll0 and NumRpsFoll1are all set to 0.

Otherwise, the following applies for derivation of the four subsets and the numbers of entries.

The reference picture set consists of six subsets, namely RefPicSetStCurr0, RefPicSetStCurr1, RefPicSetStFoll0, RefPicSetStFoll1, RefPicSetLtCurr, and RefPicSetLtFoll. Each subset consists of a list of picture order count values. The number of entries in RefPicSetStCurr0, RefPicSetStCurr1, RefPicSetStFoll0, RefPicSetStFoll1, RefPicSetLtCurr, and RefPicSetLtFoll are NumRpsStCurr0, NumRpsStCurr1, NumRpsStFoll0, NumRpsStFoll1, NumRpsLtCurr, and NumRpsLtFoll respectively.
If the current picture is an IDR picture, RefPicSetStCurr0, RefPicSetStCurr1, RefPicSetStFoll0, RefPicSetStFoll1, RefPicSetLtCurr, and RefPicSetLtFoll are all set to empty, and NumRpsStCurr0, NumRpsStCurr1, NumRpsStFoll0, NumRpsStFoll1, NumRpsLtCurr, and NumRpsLtFoll are all set to 0.

If the current picture is an IDR picture, RefPicSetStCurr0, RefPicSetStCurr1, RefPicSetStFoll0, RefPicSetStFoll1, RefPicSetLtCurr, and RefPicSetLtFoll are all set to empty, and NumRpsStCurr0, NumRpsStCurr1, NumRpsStFoll0, NumRpsStFoll1, NumRpsLtCurr, and NumRpsLtFoll are all set to 0.

Otherwise, the following applies for derivation of the six subsets and the numbers of entries.

for( i = 0, j = 0, k = 0; i < NumNegativePics[ RpsIdx ] ; i++ ) {

if( UsedByCurrPicS0[ RpsIdx ][ i ] )


RefPicSetCurr0[ j++ ] = PicOrderCnt + DeltaPocS0[ RpsIdx ][ i ]

else


RefPicSetFoll0[ k++ ] = PicOrderCnt + DeltaPocS0[ RpsIdx ][ i ]
}
NumRpsCurr0 = j 
NumRpsFoll0 = k

for( i = 0, j = 0, k = 0; i < NumPositivePics[ RpsIdx ]; i++ ) {

if( UsedByCurrPicS1[ RpsIdx ][ i ] )


RefPicSetCurr1[ j++ ] = PicOrderCnt + DeltaPocS1[ RpsIdx ][ i ]

else


RefPicSetFoll1[ k++ ] = PicOrderCnt + DeltaPocS1[ RpsIdx ][ i ]
}
NumRpsCurr1 = j 
NumRpsFoll1 = k
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for( i = 0, j = 0, k = 0; i < NumLongTermPics[ RpsIdx ]; i++ ) {

if( UsedByCurrPicLt[ i ] )


RefPicSetLtCurr[ j++ ] = PocLt[ i ] 

else


RefPicSetLtFoll[ k++ ] = PocLt[ i ]
}
NumRpsLtCurr = j
NumRpsLtFoll = k
Where PicOrderCnt is the picture order count of the current picture as specified in subclause 8.2.1. 

NOTE 1 – A value of RpsIdx in the range from 0 to num_ref_pic_sets – 1, inclusive, indicates that a reference picture set from the active parameter set is being used, where RpsIdx is the index of the reference picture set to the list of reference picture sets in the order in which they are signalled in the picture parameter set. RpsIdx equal to num_ref_pic_sets indicates that a reference picture set explicitly signalled in the slice header is being used.

NOTE 1 – A value of RpsIdx in the range from 0 to NumRefPicSets – 1, inclusive, indicates that a predefined reference picture set from the active sequence parameter set and the active parameter set is being used, where RpsIdx is the index of the reference picture set to the list of reference picture sets in the order in which they are signalled in the sequence parameter set and possibly appended in the picture parameter set. RpsIdx equal to NumRefPicSets indicates that a reference picture set explicitly signalled in the slice header is being used.
A reference picture with a particular value of PicOrderCnt is referred to as included in the reference picture set of a coded picture if the reference picture is included in any of the foursix subsets of the reference picture set. A reference picture with a particular value of PicOrderCnt is referred to as included in a particular subset of the reference picture set if the particular value of PicOrderCnt is equal to one of the PicOrderCnt values included in that subset.

The derived reference picture set is restricted as follows:

· There shall be no reference picture with temporal_id greater than that of the current picture included in RefPicSetCurr0 or, RefPicSetCurr1 or RefPicSetLtCurr.

· A particular reference picture with a particular value of PicOrderCnt shall not be included in more than one of the foursix subsets of the reference picture set.

· A reference picture that is included in RefPicSetCurr0 or, RefPicSetCurr1 or RefPicSetLtCurr shall be present in the decoded picture buffer marked as "used for reference".
After the reference picture set is derived, the following applies:

· If the current picture is an IDR picture, all reference pictures are marked as "unused for reference".

· Otherwise (the current picture is not an IDR picture), all reference pictures marked as "used for reference" that are not included in the reference picture set are marked as "unused for reference". 

NOTE 2 – There may be one or more reference pictures that are included in the reference picture set but that are not present in the decoded picture buffer. If such a reference picture is included in RefPicSetFoll0 or, RefPicSetFoll1 or RefPicSetLtFoll the absence should be ignored. If a reference picture that is included in the reference picture set but not present in the decoded picture buffer is included in RefPicSetCurr0 or, RefPicSetCurr1 or RefPicSetLtCurr, an unintentional picture loss should be inferred.

8.2.2.1
Modification process for reference picture set

A reference picture set defined according to the syntax elements in the ref_pic_set( ) syntax structure in the active sequence parameter set may be modified according to the syntax elements in the ref_pic_set_modification( ) syntax strucgture in the active picture parameter set and the slice header. The modifications performed according to the active picture parameter set apply to all slices which refer to it. The modifications performed according to the slice header apply only to the corresponding slice. When a reference picture set is specified to be modified according to reference picture set modification syntax structures in both the active picture parameter set and the slice header, a first modification process in this subclause is performed according to the active picture parameter set, then a second modification process is performed according to the slice header over the modified reference picture set resulting from the first modification process.

The ref_pic_set_mod_operation commands with values of 1 to 6 are processed in the order they occur in the bitstream. For each of these ref_pic_set_mod_operation commands, one of the processes specified in subclauses 8.2.2.1.1 to 8.2.2.1.6 is invoked depending on the value of ref_pic_set_mod_operation. The ref_pic_set_mod_operation command with value of 0 specifies the end of ref_pic_set_mod_operation commands.

8.2.2.1.1
Removing a reference picture from the reference picture set

This process is invoked when ref_pic_set_mod_operation is equal to 1.

If long_term_ref_pics_present_flag is equal to 1, the target reference picture set subgroup to be modified is specified by the syntax element ref_pic_set_subgroup. Otherwise (long_term_ref_pics_present_flag is equal to 0), the target reference picture set subgroup to be modified is specified by the syntax element positive_st_subgroup_flag.

The target reference picture to be removed is identified as the ref_pic_idx-th reference picture in the target reference picture set subgroup. The following process is performed for removing the target reference picture from one of the variables DeltaPocS0[ RpsIdx ], DeltaPocS1[ RpsIdx ] or PocLt[ RpsIdx ], removing the target reference picture from one of the variables UsedByCurrPicS0[ RpsIdx ], UsedByCurrPicS1[ RpsIdx ] or UsedByCurrPicLt[ RpsIdx ] and decrementing one of the variables NumNegativePics[ RpsIdx ], NumPositivePics[ RpsIdx ] or NumLongTermPics[ RpsIdx ].


if(( long_term_pics_present_flag && ref_pic_set_subgroup == 0 ) ||



 (8-x) 

    ( !long_term_pics_present_flag && !positive_st_subgroup_flag )) {


for( i = ref_pic_idx; i < NumNegativePics[ RpsIdx ] – 1; i++ ) {



DeltaPocS0[ RpsIdx ][ i ] = DeltaPocS0[ RpsIdx ][ i + 1 ] 



UsedByCurrPicS0[ RpsIdx ][ i ] = UsedByCurrPicS0[ RpsIdx ][ i + 1 ] 


}


NumNegativePics[ RpsIdx ] = NumNegativePics[ RpsIdx ] – 1 

} else if(( long_term_pics_present_flag && ref_pic_set_subgroup == 1 ) ||

             ( !long_term_pics_present_flag && positive_st_subgroup_flag )) {


for( i = ref_pic_idx; i < NumPositivePics[ RpsIdx ] – 1; i++ ) {



DeltaPocS1[ RpsIdx ][ i ] = DeltaPocS1[ RpsIdx ][ i + 1 ] 



UsedByCurrPicS1[ RpsIdx ][ i ] = UsedByCurrPicS1[ RpsIdx ][ i + 1 ] 


}


NumPositivePics[ RpsIdx ] = NumPositivePics[ RpsIdx ] – 1

} else if( long_term_pics_present_flag && ref_pic_set_subgroup == 2 ) {


for( i = ref_pic_idx; i < NumLongTermPics[ RpsIdx ] – 1; i++ ) {



PocLt[ RpsIdx ][ i ] = PocLt[ RpsIdx ][ i + 1 ] 



UsedByCurrPicLt[ RpsIdx ][ i ] = UsedByCurrPicLt[ RpsIdx ][ i + 1 ] 


}


NumLongTermPics[ RpsIdx ] = NumLongTermPics[ RpsIdx ] – 1

}

8.2.2.1.2
Inverting the usage classification of a reference picture in the reference picture set

This process is invoked when ref_pic_set_mod_operation is equal to 2.

If long_term_ref_pics_present_flag is equal to 1, the target reference picture set subgroup to be modified is specified by the syntax element ref_pic_set_subgroup. Otherwise (long_term_ref_pics_present_flag is equal to 0), the target reference picture set subgroup to be modified is specified by the syntax element positive_st_subgroup_flag.

The target reference picture to be modified is identified as the ref_pic_idx-th reference picture in the target reference picture set subgroup. The following process is performed for modifying one of the variables UsedByCurrPicS0[ RpsIdx ], UsedByCurrPicS1[ RpsIdx ] or UsedByCurrPicLt[ RpsIdx ].


if(( long_term_pics_present_flag && ref_pic_set_subgroup == 0 ) ||



 (8-x) 

    ( !long_term_pics_present_flag && !positive_st_subgroup_flag )) {


UsedByCurrPicS0[ RpsIdx ][ ref_pic_idx ] = !UsedByCurrPicS0[ RpsIdx ][ ref_pic_idx ] 

} else if(( long_term_pics_present_flag && ref_pic_set_subgroup == 1 ) ||

             ( !long_term_pics_present_flag && positive_st_subgroup_flag )) {


UsedByCurrPicS1[ RpsIdx ][ ref_pic_idx ] = !UsedByCurrPicS1[ RpsIdx ][ ref_pic_idx ] 

} else if( long_term_pics_present_flag && ref_pic_set_subgroup == 2 ) {


UsedByCurrPicLt[ RpsIdx ][ ref_pic_idx ] = UsedByCurrPicLt[ RpsIdx ][ ref_pic_idx ] 

}

8.2.2.1.3
Adding a short term reference picture into the reference picture set
This process is invoked when ref_pic_set_mod_operation is equal to 3.

The target reference picture set subgroup to be modified is specified by the syntax element positive_st_subgroup_flag. The following process is performed for appending an item into one of the variables DeltaPocS0[ RpsIdx ] or DeltaPocS1[ RpsIdx ], appending an item into one of the variables UsedByCurrPicS0[ RpsIdx ] or UsedByCurrPicS1[ RpsIdx ] and incrementing one of the variables NumNegativePics[ RpsIdx ] or NumPositivePics[ RpsIdx ].


if( !positive_st_subgroup_flag ) {
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i = NumNegativePics[ RpsIdx ] 


DeltaPocS0[ RpsIdx ][ i ] = – ( delta_poc_st_minus1 + 1 ) 


UsedByCurrPicS0[ RpsIdx ][ i ] = used_by_curr_pic_st_flag


NumNegativePics[ RpsIdx ] = NumNegativePics[ RpsIdx ] + 1

} else if( positive_st_subgroup_flag ) {


i = NumPositivePics[ RpsIdx ] 


DeltaPocS1[ RpsIdx ][ i ] = delta_poc_st_minus1 + 1


UsedByCurrPicS1[ RpsIdx ][ i ] = used_by_curr_pic_st_flag


NumPositivePics[ RpsIdx ] = NumPositivePics[ RpsIdx ] + 1

}

If positive_st_subgroup_flag is equal to 0, the contents of the variables DeltaPocS0[ RpsIdx ] and UsedByCurrPicS0[ RpsIdx ] are reordered in the order of decreasing delta POC values within DeltaPocS0[ RpsIdx ]. Otherwise (positive_st_subgroup_flag is equal to 0), the contents of the variable DeltaPocS1[ RpsIdx ] and UsedByCurrPicS1[ RpsIdx ] are reordered in the order of increasing delta POC values within DeltaPocS1[ RpsIdx ].

8.2.2.1.4
Adding a long term reference picture into the reference picture set
This process is invoked when ref_pic_set_mod_operation is equal to 4.

The following process is performed for appending an item the variable PocLt[ RpsIdx ], appending an item into the variable UsedByCurrPicLt[ RpsIdx ] and incrementing the variable NumLongTermPics[ RpsIdx ].


i = NumLongTermPics[ RpsIdx ]

PocLt[ RpsIdx ][ i ] = ( poc_lt_msb << ( log2_max_pic_order_cnt_lsb_minus4 + 4 ) ) + poc_lt_lsb

UsedByCurrPicLt[ RpsIdx ][ i ] = used_by_curr_pic_lt_flag

NumLongTermPics[ RpsIdx ] = NumLongTermPics[ RpsIdx ] + 1
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The contents of the variables PocLt[ RpsIdx ] and UsedByCurrPicLt[ RpsIdx ] are reordered in the order of decreasing picture order count values within PocLt[ RpsIdx ].

8.2.2.1.5
Changing a short term reference picture into a long term reference picture
This process is invoked when ref_pic_set_mod_operation is equal to 5.

When sliceFlag is equal to 0, the variable BasePoc is derived as follows:


BasePoc = ( base_poc_msb << ( log2_max_pic_order_cnt_lsb_minus4 + 4 ) ) 

                  + base_poc_lsb
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Otherwise (when sliceFlag is equal to 1), the variable BasePoc is set equal to the picture order count of the current picture.

The target short term reference picture set subgroup to be modified is specified by the syntax element positive_st_subgroup_flag. The target short term reference picture to be changed into a long term reference picture is identified as the ref_pic_idx-th reference picture in the target short term reference picture set subgroup. The following process is performed for moving the target reference picture from one of the variables DeltaPocS0[ RpsIdx ] or DeltaPocS1[ RpsIdx ] into the variable PocLt[ RpsIdx ], moving the target reference picture from one of the variables UsedByCurrPicS0[ RpsIdx ] or UsedByCurrPicS1[ RpsIdx ] into the variable UsedByCurrPicLt[ RpsIdx ], decrementing one of the variables NumNegativePics[ RpsIdx ] or NumPositivePics[ RpsIdx ] and incrementing the variable NumLongTermPics[ RpsIdx ].


if( !positive_st_subgroup_flag ) {
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tmpPoc = BasePoc + DeltaPocS0[ RpsIdx ][ ref_pic_idx ] 


tmpFlag = UsedByCurrPicS0[ RpsIdx ][ ref_pic_idx ] 


for( i = ref_pic_idx; i < NumNegativePics[ RpsIdx ] – 1; i++ ) {



DeltaPocS0[ RpsIdx ][ i ] = DeltaPocS0[ RpsIdx ][ i + 1 ] 



UsedByCurrPicS0[ RpsIdx ][ i ] = UsedByCurrPicS0[ RpsIdx ][ i + 1 ] 


}


NumNegativePics[ RpsIdx ] = NumNegativePics[ RpsIdx ] + 1

} else if( positive_st_subgroup_flag ) {


tmpPoc = BasePoc + DeltaPocS1[ RpsIdx ][ ref_pic_idx ] 


tmpFlag = UsedByCurrPicS1[ RpsIdx ][ ref_pic_idx ] 


for( i = ref_pic_idx; i < NumPositivePics[ RpsIdx ] – 1; i++ ) {



DeltaPocS1[ RpsIdx ][ i ] = DeltaPocS1[ RpsIdx ][ i + 1 ] 



UsedByCurrPicS1[ RpsIdx ][ i ] = UsedByCurrPicS1[ RpsIdx ][ i + 1 ] 


}


NumPositivePics[ RpsIdx ] = NumPositivePics[ RpsIdx ] + 1

}

i = NumLongTermPics[ RpsIdx ] 

PocLt[ RpsIdx ][ i ] = tmpPoc

UsedByCurrPicLt[ RpsIdx ][ i ] = tmpFlag

NumLongTermPics[ RpsIdx ] = NumLongTermPics[ RpsIdx ] + 1

The contents of the variables PocLt[ RpsIdx ] and UsedByCurrPicLt[ RpsIdx ] are reordered in the order of decreasing picture order count values within PocLt[ RpsIdx ].

8.2.2.1.6
Changing a long term reference picture into a short term reference picture
This process is invoked when ref_pic_set_mod_operation is equal to 6.

When sliceFlag is equal to 0, the variable BasePoc is derived as follows:


BasePoc = ( base_poc_msb << ( log2_max_pic_order_cnt_lsb_minus4 + 4 ) ) 

                  + base_poc_lsb







 (8-x)

Otherwise (when sliceFlag is equal to 1), the variable BasePoc is set equal to the picture order count of the current picture.

The target long term reference picture to be changed into a short term reference picture is identified as the ref_pic_idx-th reference picture in the long term reference picture set subgroup. The following process is performed for moving the target reference picture from the variable PocLt[ RpsIdx ] into one of the variables DeltaPocS0[ RpsIdx ] or DeltaPocS1[ RpsIdx ], moving the target reference picture from the variable UsedByCurrPicLt[ RpsIdx ] into one of the variables UsedByCurrPicS0[ RpsIdx ] or UsedByCurrPicS1[ RpsIdx ], decrementing the variable NumLongTermPics[ RpsIdx ] and incrementing one of the variables NumNegativePics[ RpsIdx ] or NumPositivePics[ RpsIdx ].


tmpPoc = PocLt[ RpsIdx ][ ref_pic_idx ]  – BasePoc





 (8-x) 

tmpFlag = UsedByCurrPicLt[ RpsIdx ][ ref_pic_idx ] 

for( i = ref_pic_idx; i < NumLongTermPics[ RpsIdx ] – 1; i++ ) {


PocLt[ RpsIdx ][ i ] = PocLt[ RpsIdx ][ i + 1 ] 


UsedByCurrPicLt[ RpsIdx ][ i ] = UsedByCurrPicLt[ RpsIdx ][ i + 1 ] 

}

NumLongTermPics[ RpsIdx ] = NumLongTermPics[ RpsIdx ] + 1

if( tmpPoc < 0 ) {


i = NumNegativePics[ RpsIdx ] 


DeltaPocS0[ RpsIdx ][ i ] = tmpPoc


UsedByCurrPicS0[ RpsIdx ][ i ] = tmpFlag


NumNegativePics[ RpsIdx ] = NumNegativePics[ RpsIdx ] + 1

} else {


i = NumPositivePics[ RpsIdx ] 


DeltaPocS1[ RpsIdx ][ i ] = tmpPoc


UsedByCurrPicS1[ RpsIdx ][ i ] = tmpFlag


NumPositivePics[ RpsIdx ] = NumPositivePics[ RpsIdx ] + 1

}

The bitstream shall not contain syntax elements that result in the value of the variable deltaPoc to be equal to 0.

If tmpPoc is less than 0, the contents of the variables DeltaPocS0[ RpsIdx ] and UsedByCurrPicS0[ RpsIdx ] are reordered in the order of decreasing delta POC values within DeltaPocS0[ RpsIdx ]. Otherwise (tmpPoc is larger than 0), the contents of the variable DeltaPocS1[ RpsIdx ] and UsedByCurrPicS1[ RpsIdx ] are reordered in the order of increasing delta POC values within DeltaPocS1[ RpsIdx ].
8.2.3
Decoding process for reference picture lists construction

This process is invoked at the beginning of the decoding process for each P or B slice.

Reference pictures are addressed through reference indices as specified in subclause 8.4.2.2.1. A reference index is an index into a reference picture list. When decoding a P slice, there is a single reference picture list RefPicList0. When decoding a B slice, there is a second reference picture list RefPicList1 in addition to RefPicList0.

At the beginning of the decoding process for each slice, reference picture list RefPicList0, and for B slices RefPicList1, are derived as specified by the following ordered steps:

1. An initial reference picture list RefPicList0 and for B slices RefPicList1 are derived as specified in subclause 8.2.3.1.
2. When ref_pic_list_modification_flag_l0 is equal to 1 or, when decoding a B slice, ref_pic_list_modification_flag_l1 is equal to 1, the initial reference picture list RefPicList0 and, for B slices, RefPicList1 are modified as specified in subclause 8.2.3.2.
2. Depending on the values of ref_pic_list_modification_flag_l0 and ref_pic_list_modification_flag_l1 syntax elements in the slice header and the active picture parameter set and the active sequence parameter set, modification process for reference picture lists are invoked as follows:

· When ref_pic_list_modification_flag_l0 in the slice header is equal to 1 or, when decoding a B slice, ref_pic_list_modification_flag_l1 in the slice header is equal to 1, the initial reference picture list RefPicList0 and, for B slices, RefPicList1 are modified as specified in subclause 8.2.3.2 according the syntax elements in the ref_pic_list_modification( ) syntax structure in the slice header.
· Otherwise, when ref_pic_list_modification_flag_l0 in the active picture parameter set is equal to 1 or, when decoding a B slice, ref_pic_list_modification_flag_l1 in the active picture parameter set is equal to 1, the initial reference picture list RefPicList0 and, for B slices, RefPicList1 are modified as specified in subclause 8.2.3.2 according the syntax elements in the ref_pic_list_predefined( ) syntax structure in the active picture parameter set.
· Otherwise, when ref_pic_list_modification_flag_l0 in the active sequence parameter set is equal to 1 or, when decoding a B slice, ref_pic_list_modification_flag_l1 in the active sequence parameter set is equal to 1, the initial reference picture list RefPicList0 and, for B slices, RefPicList1 are modified as specified in subclause 8.2.3.2 according the syntax elements in the ref_pic_list_predefined( ) syntax structure in the active sequence parameter set.
NOTE – The modification process for reference picture lists specified in subclause 8.2.3.2 allows the contents of RefPicList0 and for B slices RefPicList1 to be modified in a flexible fashion. In particular, it is possible for a picture that is currently marked "used for reference" to be inserted into RefPicList0 or for B slices RefPicList1 even when the picture is not in the initial reference picture list derived as specified in subclause 8.2.3.1.

The number of entries in the modified reference picture list RefPicList0 is num_ref_idx_l0_active_minus1 + 1, and for B slices the number of entries in the modified reference picture list RefPicList1 is num_ref_idx_l1_active_minus1 + 1. A reference picture may appear at more than one index in the modified reference picture lists RefPicList0 or RefPicList1.
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