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Abstract

This contribution proposes the signalling of periodic reference picture list reordering parameters together with predefined reference picture sets in the PPS. It is purported that the proposed design removes redundancy in reference picture list construction when the same reordering operations are repeated over a number of group of pictures (GOPs). It is suggested that the JCT-VC consider the aspects proposed in this contribution and refine the current design of reference picture list.
1 Introduction

HEVC Working Draft 5 (WD5) specifies a decoded picture buffer (DPB) management scheme using reference picture sets. 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. An 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).

An RPS contains a list of delta picture order count (POC) numbers identifying all reference pictures present in the DPB and usage flags indicating whether or not each reference picture is used as reference for inter prediction of the current picture/slice.
When periodic GOP (group of pictures) structure is used, the redundancy in RPS signalling can be exploited by sending a number of predefined reference picture sets in the PPS. An RPS index is uniquely associated with each predefined RPS. In the slice header, a predefined RPS may be activated (i.e. selected for use in inter prediction) by indicating its RPS index.

2 Problem Statement
Predefined reference picture sets in PPS are intended 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 GOP structure. 

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
We propose to send predefined sets of reference picture list reordering (RPLR) commands together with predefined RPSes at the PPS (or SPS). In such RPLRs, it should be assumed that both reference list 0 and reference list 1 are present. The current slice-header RPLR syntax of HEVC working draft 5 can be used.
When a predefined RPS is modified in a slice header (or possibly APS), the RPLR syntaxes are sent to specify RPL modifications on top of the initial reference picture lists constructed from the modified RPS. This keeps the syntaxes, semantics and processes related to RPLR uncomplicated.
The benefit of this proposal is redundancy removal in RPLR signaling.
Proposed changes to the HEVC WD text are provided in the appendix.
4 Conclusion

This contribution proposes the signalling of periodic reference picture list reordering parameters together with predefined reference picture sets in the PPS. It is purported that the proposed design removes redundancy in reference picture list construction when the same reordering operations are repeated over a number of group of pictures (GOPs). It is suggested that the JCT-VC consider the aspects proposed in this contribution and refine the current design of reference picture list.
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Appendix: Proposed changes for HEVC WD5 (d7)
Proposed working draft text is included below using the following text conventions:
· Unchanged text that is not shown here is indicated with "…"

· Removed text is shown with strikethrough.

· Newly added text is shown in yellow highlight.
· Proponent’s comment is shown in blue italics.
…

7.3.2.2
Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

	
…
	

	
long_term_ref_pics_present_flag
	u(1)

	
num_short_term_ref_pic_sets
	ue(v)

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

	

short_term_ref_pic_set( idx )
	

	

ref_pic_list_predefined( idx )
	

	
}
	

	
long_term_ref_pics_present_flag
	u(1)

	
…
	

	}
	


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

	
ref_pic_list_modification_flag_l0
	u(1)

	
ref_pic_list_modification_flag_l1
	u(1)

	
if( long_term_ref_pics_present_flag && 

     (ref_pic_list_modification_flag_l0 || ref_pic_list_modification_flag_l1 ))
	

	

num_long_term_pics_predefined
	ue(v)

	
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 )
	

	
}
	

	
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 {
	

	


…
	

	


if( long_term_ref_pics_present_flag ) {
	

	



num_long_term_pics num_long_term_pics_slice
	ue(v)

	



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

	




…
	

	



}
	

	


}
	

	

}
	

	

ref_pic_list_modification( )
	

	

ref_pic_list_combination( )
	

	
}
	

	
…
	

	}
	


…

7.4.2.2.1
Predefined reference picture list modification semantics

The syntax elements ref_pic_list_modification_idc and ref_pic_set_idx specify the change from the initial reference picture lists to the predefined reference picture lists associated with the predefined reference picture sets in the PPS.
Except for the syntax element num_long_term_pics_predefined, the semantics of all syntax elements are the same as subclause 7.4.3.2 (reference picture list modification semantics).
ref_pic_list_modification_flag_l0 equal to 1 specifies that the syntax element ref_pic_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 ref_pic_list_modification_idc is not equal to 3 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 ref_pic_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 ref_pic_list_modification_idc is not equal to 3 following ref_pic_list_modification_flag_l1 shall not exceed num_ref_idx_l1_active_minus1 + 1.
num_long_term_pics_predefined specifies the number of the long-term reference pictures that are to be included in the long-term reference picture set of the current picture. The value of num_long_term_pics_predefined shall be in the range of 0 to max_num_ref_frames – NumNegativePics[ idx ] – NumPositivePics[ idx ], inclusive. When not present, the value of num_long_term_pics_predefined shall be inferred to be equal to 0.
ref_pic_list_modification_idc together with ref_pic_set_idx specifies which of the reference pictures are re-mapped. The values of ref_pic_list_modification_idc are specified in Table 7‑4. The value of the first ref_pic_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 – ref_pic_list_modification_idc operations for modification of reference picture lists

	ref_pic_list_modification_idc
	modification specified

	0
	For list 0: ref_pic_set_idx is present and corresponds to an index to RefPicSetStCurr0; For list 1: ref_pic_set_idx is present and corresponds to an index to RefPicSetStCurr1

	1
	For list 0: ref_pic_set_idx is present and corresponds to an index to RefPicSetStCurr1; For list 1: ref_pic_set_idx is present and corresponds to an index to RefPicSetStCurr0

	2
	ref_pic_set_idx is present and corresponds to an index to RefPicSetLtCurr

	3
	End loop for modification of the initial reference picture list


ref_pic_set_idx specifies the index, to RefPicSetStCurr0, RefPicSetStCurr1 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

…
num_long_term_pics_slice specifies the number of the long-term reference pictures that are to be included in the long-term reference picture set of the current picture. The value of num_long_term_pics_slice shall be in the range of 0 to max_num_ref_frames – NumNegativePics[ StRpsIdx ] – NumPositivePics[ StRpsIdx ] , inclusive. When not present, the value of num_long_term_pics_slice shall be inferred to be equal to 0.

…

8.2.3
Decoding process for reference picture lists construction

…
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, the modification process for reference picture lists as specified in subclause 8.2.3.2 is invoked as follows:

· When num_long_term_pics_predefined is not equal to num_long_term_pics_slice or 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.
…
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