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Abstract

In the current HM 2.0, inter prediction direction and reference frame index in combined coding for LCEC was improved by JCTVC-D141. But with extension of uni-prediction simplification in B slices by JCTVC-D421 which was adopted at the same time, the max index of reduced combined list is not modified. This proposal is the extension of max index setting for combined coding to the combined list. In this proposal, the max index of all the probabilities within the lookup table is set. Furthermore, to avoid keeping multiple initial lookup tables, one unified table is used with adaptive mapping the value and the meaning in lookup table depending on the number of references. 
1 Introduction
In the previous meeting, improved inter prediction direction and reference frame index combined coding for LCEC[1] and combined reference list[2] were adopted. Since these techniques were adopted at the same time, some cases resulted from combined reference list were not fully covered by improved combined coding of LCEC. In detail, the max index of 2(or 1) list0 reference frames and 1(or 2) list1 reference frames is not considered. And in common test condition, the proper max index setting in case of the max reference frame number 3 of combined list is not considered. 

In this contribution, dynamic index generation method according to the number of reference frames are presented to cover all the possible max indices, which saves the number of global look-up tables and covers the asymmetric number of reference frames in list0 and list1
2 Algorithm description

This proposal considers when the number of reference frames is not larger than 2. The exception case presented in JCTVC-D141[1] can be applied for the other cases. 
In the current HM 2.0, there are 8 entries in the table with the pre-defined meaning of the value as shown in Table 1. Because this mapping is fixed, several lookup tables are needed to avoid unnecessary bit assignment for the cases which never happen. Furthermore, only specific cases are designed to avoid such cases.

For example, there are 7 cases if the number of reference frames is 2 in both directions and the number of combined list is 3 (i.e. one reference picture is shared in both directions). But by this fixed mapping, codeword is assigned by consideration of 8 cases.
Furthermore, this mapping and current pre-defined lookup tables are designed to save bits only in case that the number of reference frames is identical (1 or 2).

Table 1 the meaning of the value in lookup table

	Value
	Meaning

	0
	List 0 prediction using reference frame 0

	1
	List 0 prediction using reference frame 1

	2
	List 1 prediction using reference frame 0

	3
	List 1 prediction using reference frame 1

	4
	Bi-prediction using reference frame (0, 0)

	5
	Bi-prediction using reference frame (0, 1)

	6
	Bi-prediction using reference frame (1, 0)

	7
	Bi-prediction using reference frame (1, 1)


In this proposal, dynamic mapping between the value of lookup table and the meaning is presented according to the number of reference frames not larger than 2 as shown in Table 2.
Table 2 new meaning of the value by dynamic mapping

[image: image1.emf]Value 0 1 2 3 4 5 6 7

InterDir LC LC LC LC BI BI BI BI

RefIdx 0 1 2 3(0,0) (0,1) (1,0) (1,1)

Value 0 1

InterDir LC BI

RefIdx 0(0,0)

Value 0 1 2

InterDir LC LC BI

RefIdx 0 1(0,0)

Value 0 1 2 3

InterDir LC LC BI BI

RefIdx 0 1(0,0) (1,0)

Value 0 1 2 3

InterDir LC LC BI BI

RefIdx 0 1(0,0) (0,1)

Value 0 1 2 3 4

InterDir LC LC LC BI BI

RefIdx 0 1 2(0,0) (1,0)

Value 0 1 2 3 4

InterDir LC LC LC BI BI

RefIdx 0 1 2(0,0) (0,1)

Value 0 1 2 3 4 5

InterDir LC LC BI BI BI BI

RefIdx 0 1(0,0) (0,1) (1,0) (1,1)

Value 0 1 2 3 4 5 6

InterDir LC LC LC BI BI BI BI

RefIdx 0 1 2(0,0) (0,1) (1,0) (1,1)

Value 0 1 2 3 4 5 6 7

InterDir LC LC LC LC BI BI BI BI

RefIdx 0 1 2 3(0,0) (0,1) (1,0) (1,1)

MaxVal = 4

(L0=1, L1=2)

MaxVal = 5

(L0=2, L1=2)

MaxVal = 6

(L0=2, L1=2)

MaxVal = 7

(L0=2, L1=2)

MaxVal = 1

(L0=1, L1=1)

MaxVal = 2

(L0=1, L1=1)

MaxVal = 3

(L0=2, L1=1)

MaxVal = 3

(L0=1, L1=2)

MaxVal = 4

(L0=2, L1=1)


Among the cases of the above table 2, only the max value of 1, 2, 5 and 7 is considered. It is because combined list cases could not be considered due to adoption of two proposals at the same time. 
To adjust the max index for all the probabilities, several initial lookup tables are needed additionally according to the current scheme. To save memory for several initial lookup tables and condition checking, it is proposed to use only one initial table which is {0,1,2,3,4,5,6,7,8} (8 for exception handling) and adjust index generation according to the number of reference frames.
Index values to be used in this proposal are the same as table 2. It can also be generalized as follows: 

NumOfRef_LC = min(4, the max number of LC references)
NumOfRef_L0 = min(2, the max number of L0 references)

NumOfRef_L1 = min(2, the max number of L1 references)

Max value = NumOfRef_LC + NumOfRef_L0* NumOfRef_L1
Index value = refIdx_of_LC
for uni-directional prediction

Index value = NumOfRef_LC + refIdx_of_L0 * NumOfRef_L1 + refIdx_of_L1 for bi-prediction

Note that NumOfRef_L0, NumOfRef_L1 and NumOfRef_LC can be pre-calculated and NumOfRef_L1 is one or two.
3 Syntax and Semantics

combined_inter_pred_ref_idx specifies the combined index of inter_pred_idc and ref_idx_lx. The variable NumOfRef_LC and NumOfRef_L1 are specified as
NumOfRef_LC = min(4, num_ref_idx_lc_active_minus1+1)

NumOfRef_L1 = min(2, num_ref_idx_l1_active_minus1+1)

The variable inter_pred_idc and ref_idx_lx are derived as follows.
- If combined_inter_pred_ref_idx < NumOfRef_LC,

inter_pred_idc[ x0 ][ y0 ] = Pred_LC

ref_idx_lc[ x0 ][ y0 ] = combined_inter_pred_ref_idx
- Otherwise,
inter_pred_idc[ x0 ][ y0 ] = Pred_BI

ref_idx_l0[ x0 ][ y0 ] = (combined_inter_pred_ref_idx-NumOfRef_LC)/NumOfRef_L1

ref_idx_l1[ x0 ][ y0 ] = (combined_inter_pred_ref_idx-NumOfRef_LC)%NumOfRef_L1

4 Experimental results

The proposed algorithm was implemented on HM 2.0. As it is designed for LCEC coding, random access low complexity case and low delay low complexity case was tested.

Table 3 shows the results on the default configuration. The anchor is the HM 2.0 default anchor. As expected, there is no significant difference between the proposed method and the reference, because the only max value 6 case is not covered in the current default configuration.

Table 3 Results on the default configuration

	　
	Random access LoCo
	Low delay LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.1 
	0.0 
	0.0 
	　
	　
	　

	Class B
	0.0 
	0.0 
	0.1 
	0.0 
	-0.1 
	0.2 

	Class C
	0.0 
	0.0 
	0.0 
	-0.2 
	-0.1 
	-0.2 

	Class D
	0.0 
	0.0 
	-0.2 
	-0.1 
	0.2 
	0.1 

	Class E
	　
	　
	　
	-0.2 
	-0.6 
	0.2 

	All
	0.0 
	0.0 
	0.0 
	-0.1 
	-0.1 
	0.1 

	Enc Time[%]
	101%
	96%

	Dec Time[%]
	104%
	97%


5 Conclusion
This proposal is the extension of combined coding of JCTVC-D141 to adjust combined list coding of JCTVC-D421 with the single initial lookup table and does not impact the complexity at both encoder and decoder side.
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