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Abstract
Document JCTVC-F493 proposed the explicit signaling of reference pictures needed for the inter prediction of the current and future pictures, using buffer descriptions (reference picture sets).  A reference picture set is a set of ΔPOC values.  ΔPOC values are picture order count (POC) of the reference pictures relative the current picture.  Template reference picture sets are signaled in the picture parameter set (PPS) and referred to by each slice.
This contribution proposes to further reduce the amount of bits necessary for signaling the reference picture set by predicting the ΔPOC values using the ΔPOC values from a reference picture set already present in the PPS.

Based on the latest draft of the reference picture set syntax from the ad hoc group on Reference picture buffering and list construction (AHG21), the number of additional PPS signaling bits needed for the random access (RA) and low delay (LD) common conditions are 288 and 201 bits, respectively.  Using the proposed inter reference picture set prediction method, the numbers of bits needed are reduced to 144 and 106 bits, respectively.  This represents a reduction of 50% and 47%, respectively.
1 Introduction
Document JCTVC-F493 [1] proposed the explicit signaling of reference pictures needed for the inter prediction of the current and future pictures, using buffer descriptions (reference picture sets).  It was also proposed that template reference picture sets are signaled in the picture parameter set (PPS) and referred to by each slice.
In a typical video coding scheme with multiple reference pictures, a reference picture in the decoded picture buffer is likely used for inter frame prediction by several different pictures.  In this document, these reference pictures are referred to as recurring reference pictures.

In the case of recurring reference pictures, instead of signaling the picture order count (POC) of the reference pictures relative the current picture (ΔPOC), which can consume many bits, the information need may be copied or predicted from a template reference picture set that has already been decoded.  This is referred to as the inter reference picture set prediction.
It can be shown that if the template reference picture set is associated to a frame that is decoded immediately prior to the current picture, all reference frames can be copied or predicted with the exception of at most one reference frame which is not present in the template reference picture set.  It can be further shown that the difference of the prediction is always a constant, hereafter referred to as the DeltaRPS.

An example of the inter reference picture set prediction is shown in Figure 1.  The DeltaRPS and ref_idc[ j ] are decoded from the syntax.  DeltaPoc[ RIdx ][ j ] is the template reference picture set used as the predictor.  DeltaPoc[ idx ][ i ] is the reference picture set to be decoded.  When the ref_idc[ j ] symbol is “1” or “01”, the DeltaPoc[ idx ][ i ] is derived as follows.



DeltaPoc[ idx ][ i ] = DeltaPoc[ RIdx ][ j ] + DeltaRPS



(eq 1)



when DeltaPoc[ RIdx ][ j ] is unavaialable, it is set to 0.

Figure 1: Illustration of the inter reference picture set prediction.
If the DeltaPoc[ idx ][ i ] is negative, then it is assigned to DeltaPocS0[ idx ][ i0 ] and the UsedByCurrPicS0[ idx ][ i0 ] is set to 1 or 0 depending on the symbol of ref_idc[j].  Otherwise the same operation is performed but on DeltaPocS1[ idx ][ i1 ] and the UsedByCurrPicS1[ idx ][ i1 ].
2 Changes to the proposed WD

The following are the only changes are needed for the proposed WD to enable the reference picture set prediction.

1) Modify the reference picture set syntax.

2) Add semantics to the reference picture set semantics.
2.1.1.1 Reference picture set syntax
	ref_pic_set( idx ) {
	Descriptor

	
inter_ref_pic_set_prediction_flag
	u(1)

	
if( inter_ref_pic_set_prediction_flag ) {
	

	

delta_idx_minus1
	ue(v)

	

delta_rps_sign
	u(1)

	

abs_delta_rps_minus1
	ue(v)

	

for( j = 0; j <= NumDeltaPocs[ RIdx ]; j++ ) 
	

	


ref_idc[ j ]
	u(1 or 2)***

	
}
	

	
else {
	

	

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)

	

}
	

	

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

	


delta_poc_s1_minus1[ i ]
	ue(v)

	


used_by_curr_pic_s1_flag[ i ]
	u(1)

	

}
	

	
}
	

	}
	


*** Make this a VLC or split the symbol into 2 parts.

2.1.1.2 Reference picture set semantics
< The following description is added to the reference picture set semantics. >
inter_ref_pic_set_prediction_flag equal to 1 specifies that the reference picture set of the current picture shall be predicted using another reference picture set in the active picture parameter set.

delta_idx_minus1 plus 1 specifies the difference between the index of the reference picture set of the current picture and the index of the reference picture set used for inter reference picture set prediction.
The variable RIdx shall be derived as follows.


RIdx = idx ‑ (delta_idx_minus1+1) 







(7‑x)
delta_rps_sign specifies the sign of DiffPicOrderCnt( picA, picB ), where picA is associated with DeltaPoc[ RIdx ] and picB is associated with DeltaPoc[ idx ].  A value of 0 indicates that the sign is positive and a value of 1 indicates that the sign is negative.
abs_delta_rps_minus1 plus 1 specifies the absolute value of DiffPicOrderCnt( picA, picB ), where picA is associated with DeltaPoc[ RIdx ] and picB is associated with DeltaPoc[ idx ]. 

The variable DeltaRPS is derived as follows.


DeltaRPS = (1 – (delta_rps_sign<<1)) * (abs_delta_rps_minus1 + 1) 



(7‑x)
ref_idc[ j ] specifies if DeltaPoc[ RIdx ][ j ] is used for prediction of DeltaPoc[ idx ][ i ] and if the i-th reference picture is used for reference by the current picture according to Table 7-xx.

Table 7‑xx – ref_idc[ j ] operations for reference picture set

	ref_idc[ j ]
	Properties of i-th reference picture

	“1”
	Picture is used for reference by the current picture
DeltaPoc[ idx ][ i ] = DeltaPoc[ RIdx ][ j ] + DeltaRPS

	“01”
	Picture is not used for reference by the current picture (but used by future pictures)
DeltaPoc[ idx ][ i ] = DeltaPoc[ RIdx ][ j ] + DeltaRPS

	“00”
	There is no corresponding i-th reference picture for DeltaPoc[ RIdx ][ j ].


When inter_ref_pic_set_prediction_flag is equal to 1, the variables DeltaPocS0[ idx ][ i0 ], UsedByCurrPicS0[ idx ][ i0 ], DeltaPocS1[ idx ][ i1 ], UsedByCurrPicS1[ idx ][ i1], NumNegativePics[ idx ] and NumPositivePics[ idx ] are derived as follows.

for( j = 0, i0 = 0, i1 = 0; j <= NumDeltaPocs[ RIdx ]; j++ ) {


if( ref_idc[ j ] = = “1” || ref_idc[ j ] = = “01” ) {



DPoc = DeltaPoc[ RIdx ][ j ] + DeltaRPS





(7‑x)



if( DPoc < 0 ) {




DeltaPocS0[ idx ][ i0 ] = DPoc






(7‑x)




UsedByCurrPicS0[ idx ][ i0 ] = (ref_idc[ j ] = = “1”) ? 1 : 0


(7‑x)




i0++



}



else {




DeltaPocS1[ idx ][ i1 ] = DPoc

 




(7‑x) 




UsedByCurrPicS1[ idx ][ i1 ] = (ref_idc[ j ] = = “1”) ? 1 : 0


(7‑x)  




i1++



}



}

}

NumNegativePics[ idx ] = i0

NumPositivePics[ idx ] = i1
When DeltaPoc[ RIdx ][ j ] is unavaialable, it is set to 0.
Sort DeltaPocS0[ idx ][ i0 ] and DeltaPocS1[ idx ][ i1 ] in decreasing order and in increasing order, respectively.
Otherwise when inter_ref_pic_set_prediction_flag is equal to 0, <continue with the semantics in 7.4.3.1 > ………..
< This part applies to both inter_ref_pic_set_prediction_flag is equal to 0 and 1 >
The variables DeltaPoc[ idx ][ i ] and NumDeltaPocs[ idx ] are derived as follows.

for( i = 0; i <= NumNegativePics[ idx ]; i++ ) {


DeltaPoc[ idx ][ i ] = DeltaPocS0[ idx ][ i ] 





(7‑x)

}

for( i = 0; i <= NumPositivePics[ idx ]; i++ ) {


DeltaPoc[ idx ][ i + NumNegativePics[ idx ] ] = DeltaPocS1[ idx ][ i ] 


(7‑x)

}

NumDeltaPocs[ idx ] = NumNegativePics[ idx ] + NumPositivePics[ idx ]


(7‑x)
3 Results

The following tables show the comparison of the number of bits needed for the coded representation of the group of reference picture sets in the PPS for the two common condition cases, random access (RA) and low delay (LD), respectively.

Table 1: Table comparing the bits needed for a group of reference picture set needed for RA conditions.
	idx
	Reference pictures
	Bits needed by latest JCTVC-F493 proposal
	Bits needed by inter RPS prediction
	Bits reduction as a % of the original bits

	0
	RPS 0: DeltaPOC = { -8 -10 -12 -14 }
	26
	27*
	NA (not predicted)

	1
	RPS 1: DeltaPOC = { -4 -6 4 }
	22
	15
	32%

	2
	RPS 2: DeltaPOC = { -2 -4 2 6 }
	24
	10
	58%

	3
	RPS 3: DeltaPOC = { -2 -4 -6 -8 2 }
	28
	13
	54%

	4
	RPS 4: DeltaPOC = { -1 -3 1 3 5 7 }
	28
	14
	50%

	5
	RPS 5: DeltaPOC = { -1 -3 1 3 5 }
	24
	15
	38%

	6
	RPS 6: DeltaPOC = { -1 -3 1 3 }
	18
	14
	22%

	7
	RPS 7: DeltaPOC = { -1 -3 -5 1 }
	20
	12
	40%

	8
	RPS 8: DeltaPOC = { -8 }
	12
	13*
	NA (not predicted)

	9
	RPS 9: DeltaPOC = { -4 4 }
	18
	10
	44%

	10
	RPS 10: DeltaPOC = { -2 2 6 }
	20
	9
	55%

	11
	RPS 11: DeltaPOC = { -2 -4 -6 2 }
	24
	12
	50%

	12
	RPS 12: DeltaPOC = { -1 1 3 5 7 }
	24
	13
	46%

	
	Total
	288
	177
	39%


* inter reference picture set prediction is not applied for these reference picture sets. Bits reported include a 1-bit signaling flag.
Table 2: Table comparing the bits needed for a group of reference picture set needed for LD conditions.
	idx
	Reference pictures
	Bits needed by latest JCTVC-F493 proposal
	Bits needed by inter RPS prediction
	Bits reduction as a % of the original bits

	0
	RPS 0: DeltaPOC = { -1 -5 -9 -13 }
	25
	26*
	NA (not predicted)

	1
	RPS 1: DeltaPOC = { -1 -2 -6 -10 }
	21
	10
	52%

	2
	RPS 2: DeltaPOC = { -1 -3 -7 -11 }
	23
	10
	57%

	3
	RPS 3: DeltaPOC = { -1 -4 -8 -12 }
	23
	10
	57%

	4
	RPS 4: DeltaPOC = { -1 }
	5
	6*
	NA (not predicted)

	5
	RPS 5: DeltaPOC = { -1 -2 }
	7
	7
	0%

	6
	RPS 6: DeltaPOC = { -1 -3 }
	9
	8
	11%

	7
	RPS 7: DeltaPOC = { -1 -4 }
	9
	8
	11%

	8
	RPS 8: DeltaPOC = { -1 -5 }
	11
	12*
	NA (not predicted)

	9
	RPS 9: DeltaPOC = { -1 -2 -6 }
	15
	8
	47%

	10
	RPS 10: DeltaPOC = { -1 -3 -7 }
	17
	9
	47%

	11
	RPS 11: DeltaPOC = { -1 -4 -8 }
	17
	9
	47%

	12
	RPS 12: DeltaPOC = { -1 -5 -9 }
	19
	20*
	NA (not predicted)

	
	Total
	201
	143
	29%


* inter reference picture set prediction is not applied for these reference picture sets.  Bits reported include a 1-bit signaling flag.
4 Discussion

It is also noted that the RPS sets in Table 1 and Table 2, comprises of the full RPSs (idx=0 to 7 and idx = 0 to 3, respectively) and partial RPSs (idx=8 to 12 and idx = 4 to 12, respectively).  Further savings in the bits is possible if these partial RPSs can be derived from the full RPSs instead of being encoded.  It should be clarified if partial RPSs are necessary for pictures that immediately follow an IDR or CRA picture or that they can be deduced from the full RPSs.

The following syntax is proposed as a possible method to further reduce the bits needed for the partial RPSs.
	pic_parameter_set_rbsp( ) {
	Descriptor

	
pic_parameter_set_id
	ue(v)

	
seq_parameter_set_id
	ue(v)

	
entropy_coding_mode_flag
	u(1)

	
num_full_ref_pic_sets
	ue(v)

	
num_partial_ref_pic_sets
	ue(v)

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

	

ref_pic_set( idx )
	

	
i = 0
	

	
while( idx < NumRefPicSets ) {
	

	

partial_ref_pic_set_flag[ i ]
	u(1)

	

if( partial_ref_pic_set_flag ) {
	

	


for( j = 0; j < NumNegativePics[ i% num_full_ref_pic_set ]; j++ ) 
	

	



ref_flag[ j ]
	u(1)

	


idx++
	

	

}
	

	

i++
	

	
}
	

	
num_temporal_layer_switching_point_flags
	ue(v)

	
for( i = 0; i < num_temporal_layer_switching_point_flags; i++ )
	

	

temporal_layer_switching_point_flag[ i ]
	u(1)

	
num_ref_idx_l0_default_active_minus1
	ue(v)

	
num_ref_idx_l1_default_active_minus1
	ue(v)

	
pic_init_qp_minus26  /* relative to 26 */
	se(v)

	
constrained_intra_pred_flag
	u(1)

	
slice_granularity
	u(2)

	
shared_pps_info_enabled_flag
	u(1)

	
if( shared_pps_info_enabled_flag )
	

	

if( adaptive_loop_filter_enabled_flag )
	

	


alf_param( )
	

	
if( cu_qp_delta_enabled_flag )
	

	

max_cu_qp_delta_depth
	u(4)

	
rbsp_trailing_bits( )
	

	}
	


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

num_partial_ref_pic_sets specifies the number of partial reference picture sets that are specified in the picture parameter set. The value of num_partial_ref_pic_sets shall be in the range of 0 to 64 - num_full_ref_pic_sets, inclusive.
The variable NumRefPicSets is derived as follows.


NumRefPicSets = num_full_ref_pic_sets + num_partial_ref_pic_sets



(7‑x)
NOTE – A decoder must allocate space for a total number of NumRefPicSets + 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 NumRefPicSets in the list of reference picture sets.
partial_ref_pic_set_flag[ i ] equals to “1” specifies that the full reference picture set indexed by (i % num_full_ref_pic_sets) in the current picture parameter set shall be used for creation of the partial reference picture set. 
ref_flag[ j ] specifies whether the content of the full reference picture set is copied to the partial reference picture set as follows.


for( j = 0, i0 = 0; j <= NumNegativePics[ i % full_ref_pic_set_idx ]; j++ ) {


if( ref_flag[ j ] = = “1” ) {



DeltaPocS0[ idx ][ i0 ] = DeltaPocS0[ i % full_ref_pic_set_idx ][ j ]


(7‑x)



UsedByCurrPicS0[ idx ][ i0 ] = UsedByCurrPicS0[ i % full_ref_pic_set_idx ][ j ]
(7‑x)



i0++


}

}

for( j = 0, i1 = 0; j <= NumPositivePics[ i % full_ref_pic_set_idx ]; j++ ) {


DeltaPocS1[ idx ][ i1 ] = DeltaPocS1[ i % full_ref_pic_set_idx ][ j ]


(7‑x) 


UsedByCurrPicS1[ idx ][ i1 ] = UsedByCurrPicS1[ i % full_ref_pic_set_idx ][ j ]

(7‑x)  


i1++

}

NumNegativePics[ idx ] = i0

NumPositivePics[ idx ] = i1
The following tables show the comparison of the number of bits needed for the coded representation of the group of reference picture sets in the PPS with the partial reference picture set extension for the two common condition cases, random access (RA) and low delay (LD), respectively.

Table 3: Table comparing the bits needed for a group of reference picture set needed for RA conditions.
	idx
	Reference pictures
	Bits needed by latest JCTVC-F493 proposal
	Bits needed by inter RPS prediction with partial extension
	Bits reduction as a % of the original bits

	0
	RPS 0: DeltaPOC = { -8 -10 -12 -14 }
	26
	27*
	NA (not predicted)

	1
	RPS 1: DeltaPOC = { -4 -6 4 }
	22
	15
	32%

	2
	RPS 2: DeltaPOC = { -2 -4 2 6 }
	24
	10
	58%

	3
	RPS 3: DeltaPOC = { -2 -4 -6 -8 2 }
	28
	13
	54%

	4
	RPS 4: DeltaPOC = { -1 -3 1 3 5 7 }
	28
	14
	50%

	5
	RPS 5: DeltaPOC = { -1 -3 1 3 5 }
	24
	15
	38%

	6
	RPS 6: DeltaPOC = { -1 -3 1 3 }
	18
	14
	22%

	7
	RPS 7: DeltaPOC = { -1 -3 -5 1 }
	20
	12
	40%

	
	num_partial_ref_pic_sets
	 
	5
	 

	8
	RPS 8: DeltaPOC = { -8 }
	12
	5
	58%

	9
	RPS 9: DeltaPOC = { -4 4 }
	18
	3
	83%

	10
	RPS 10: DeltaPOC = { -2 2 6 }
	20
	3
	85%

	11
	RPS 11: DeltaPOC = { -2 -4 -6 2 }
	24
	5
	79%

	12
	RPS 12: DeltaPOC = { -1 1 3 5 7 }
	24
	3
	88%

	
	Total
	288
	144
	50%


* inter reference picture set prediction is not applied for these reference picture sets. Bits reported include a 1-bit signaling flag.

Table 4: Table comparing the bits needed for a group of reference picture set needed for LD conditions.
	idx
	Reference pictures
	Bits needed by latest JCTVC-F493 proposal
	Bits needed by inter RPS prediction
	Bits reduction as a % of the original bits

	0
	RPS 0: DeltaPOC = { -1 -5 -9 -13 }
	25
	26*
	NA (not predicted)

	1
	RPS 1: DeltaPOC = { -1 -2 -6 -10 }
	21
	10
	52%

	2
	RPS 2: DeltaPOC = { -1 -3 -7 -11 }
	23
	10
	57%

	3
	RPS 3: DeltaPOC = { -1 -4 -8 -12 }
	23
	10
	57%

	
	num_partial_ref_pic_sets
	 
	(7-2) = 5  **
	 

	4
	RPS 4: DeltaPOC = { -1 }
	5
	5
	0%

	5
	RPS 5: DeltaPOC = { -1 -2 }
	7
	5
	29%

	6
	RPS 6: DeltaPOC = { -1 -3 }
	9
	5
	44%

	7
	RPS 7: DeltaPOC = { -1 -4 }
	9
	5
	44%

	8
	RPS 8: DeltaPOC = { -1 -5 }
	11
	5
	55%

	9
	RPS 9: DeltaPOC = { -1 -2 -6 }
	15
	5
	67%

	10
	RPS 10: DeltaPOC = { -1 -3 -7 }
	17
	5
	71%

	11
	RPS 11: DeltaPOC = { -1 -4 -8 }
	17
	5
	71%

	12
	RPS 12: DeltaPOC = { -1 -5 -9 }
	19
	5
	74%

	
	Total
	201
	106
	47%


* inter reference picture set prediction is not applied for these reference picture sets.  Bits reported include a 1-bit signaling flag.
** num_full_ref_pic_sets not shown in the table is reduced by 2 bits.
5 Conclusions

Inter reference picture set prediction is an effective way of reducing the bits needed to encoded the reference picture sets.  For the RA and LD common conditions, the bits needed were reduced from 288 to 144 bits and from 201 to 106 bits, respectively.  This represents a bit reduction of 50% and 47% of the bits needed by the latest JCTVC-F493 method without inter reference picture set prediction.  On an individual reference set, the reduction in bits can be as high as 88% of the original bits.  There is no loss of error resiliency as the predictor used is from the reference picture set in the PPS as opposed to from another picture.

It is recommended that is method be used if the reference picture set design is adopted into the WD.
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