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Abstract

In this contribution, a picture adaptive 1/8-pel motion compensation method was proposed. In the proposed method, For P slice, 1/8-pel motion compensation is enabled and all reference pictures are referred using 1/8-pel motion vectors. On the other hand, for B slice, 1/8-pel motion compensation is enabled but all reference pictures are referred using 1/4-pel motion vector in order not to increase overhead to signal motion vector difference. Experimental results reportedly showed 2.5% BR saving for HE and 2.0% BR saving LC on average in LD P scenarios. It also reportedly showed 0.3% BR saving for HE and 0.4% BR saving in the RA scenarios, and 0.2% BR saving for HE and 0.3% BR saving for LC on average in the LD B scenarios relative to the HM3.0.
Introduction

A low delay P setting was defined as an optional test condition last meeting [1]. A difference between low delay B test condition and low delay P test condition is whether GPB flag is on or not. Table 1 shows RD performance of low delay P (GPB off) relative to low delay B in HM3.0. It shows 6.0% BR loss for high efficiency on average and 6.1% BR loss for low complexity on average. From Figure 1 to 2 show the BD rate loss for each sequence of low delay P relative to low delay B for high efficiency and low complexity. Especially, BD rate loss for BQTerrace, BQSquare and PartyScene is high by using low delay P. On the other hands, BD rate loss for BasketballPass, Racehorses (class D) and Kimono is not so high. This loss is caused by GPB off. If GPB flag is set to off, not only the number of reference list is restricted to one, but also bi-predictive reference to one single picture cannot be used. However, there are some merits to use low delay P. For example, low delay P can save memory bandwidth and memory capacity compared to low delay B, because it uses only one reference list and one motion vector per PU.
This contribution reports a test result on the proposed picture adaptive 1/8-pel motion compensation for low delay P case. And also, it is reported that this proposal is also effective for random access and low delay B cases.
Table 1: The RD performance of low delay P (GPB off) relative to low delay B in HM3.0
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Class A

Class B 7.0 6.1 5.7 8.6 6.7 6.1

Class C 4.8 3.4 3.5 4.2 3.1 3.1

Class D 6.4 3.4 3.2 5.0 3.5 3.7

Class E 5.1 2.0 0.7 5.8 5.3 3.6

Overall 6.0 4.0 3.6 6.1 4.7 4.3

Enc Time[%]

Dec Time[%]

Low delay B LC Low delay B HE

62%

91%

70%

95%
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Figure 1: BD-Rate of low delay P relative to low delay B for high efficiency
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Figure 2: BD-Rate of low delay P relative to low delay B for low complexity
1 Proposed Method
1.1 Concept
In low delay B coding, B slice can refer one single reference picture with two 1/4-pel motion vectors, and thus derive 1/8-pel accuracy prediction samples by bi-linear interpolation using bi- prediction. On the other hand, P slice can refer one single reference picture with only one 1/4-pel motion vector. To improve coding efficiency of P slice, to use 1/8-pel motion vector is expected to be helpful.
In this proposal, 1-bit flag, which indicates whether 1/8-pel motion compensation is enabled or not, is introduced into PPS, and two parameters, which indicate the maximum reference index of reference pictures for which all of motion information is referred in 1/8-pel precision except for collocated motion vector “mvCol”, are introduced into slice header. Encoder can select which slice should be applied 1/8-pel motion compensation by using the flag in PPS, and which reference picture should be referred in 1/8-pel motion vector by using the parameters in slice header.
 For P slice, it is recommended that 1/8-pel motion compensation is enabled and all reference pictures are referred in 1/8-pel motion vector. For B slice, it is recommended that 1/8-pel motion compensation is enabled and all reference pictures are referred in 1/4-pel motion vector in order not to increase overhead to signal motion vector difference.
1.2 Changes relative to HM3.0
Proposed method includes changes written in below relative to HM3.0.
1.2.1 Syntax
1/8pel_active_flag and num_ref_idx_lx_default_1/8pel_active (x=0, 1) are added to PPS. And num_ref_idx_lx_1/8pel_active (x=0, 1) are added to slice header.

1/8pel_active_flag equal to 1 specifies 1/8-pel motion compensation is enabled.

num_ref_idx_l0_default_1/8pel_active specifies how num_ref_idx_l0_1/8pel_active is inferred for P and B slices with num_ref_idx_active_override_flag equal to 0. 
The value of num_ref_idx_l0_default_1/8pel_active shall be in the range of 0 to 31, inclusive.

num_ref_idx_l1_default_1/8pel_active specifies how num_ref_idx_l1_1/8pel_active is inferred for B slices with num_ref_idx_active_override_flag equal to 0. 
The value of num_ref_idx_l0_default_1/8pel_active shall be in the range of 0 to 31, inclusive.

num_ref_idx_l0_1/8pel_active specifies the maximum reference index plus 1 for reference picture list 0 to which motion vector referred in 1/8-pel precision.
When the current slice is a P or B slice and num_ref_idx_l0_1/8pel_active is not present, num_ref_idx_l0_1/8pel_active shall be inferred to be equal to num_ref_idx_l0_default_1/8pel_active.

num_ref_idx_l1_1/8pel_active specifies the maximum reference index plus 1 for reference picture list 1 to which motion vector referred in 1/8-pel precision.
When the current slice is a B slice and num_ref_idx_l1_1/8pel_active is not present, num_ref_idx_l1_1/8pel_active shall be inferred to be equal to num_ref_idx_l1_default_1/8pel_active.
Table 2 shows the relationship between proposed syntax elements and accuracy of motion parameters. In Table 2, mvLX(ME) means a motion vector to be derived by a motion estimation in encoder, and mvLX(internal) means a motion vector to be used to derive spatial MVP candidate and to determine strength of deblocking filter.
· If 1/8pel_active_flag is equal to 0, all precisions for parameters on motion vector are 1/4-pel.
· If 1/8pel_active_flag is equal to 1 and num_ref_idx_lX_1/8pel_active is equal to 0, precisions for mvdLX, mvLX(ME) and mvCol are 1/4-pel, and precisions for pmvLX and mvLX(internal) are 1/8-pel. It indicates that only precisions for parameters on motion vector, which is used internally, are expanded to 1/8-pel, so overhead bits such as mvdLX and computation time for ME are not increased.
· If 1/8pel_active_flag is equal to 1 and num_ref_idx_lX_1/8pel_active is equal to N, precision for mvCol is 1/4-pel, and precisions for pmvLX and mvLX(internal) are 1/8-pel, and precisions for mvdLX and mvLX(ME) is decided as below.

- If refIdxLX < N then, precisions for mvdLX and mvLX(ME) is 1/8-pel

- Otherwise, precisions for mvdLX and mvLX(ME) is 1/4-pel
Table 2: relationship between proposed syntax elements and accuracy of motion parameters
	
	mvdLX
	pmvLX
	mvLX
(ME)
	mvLX
(internal)
	mvCol

	1/8pel_active_flag=0
	1/4-pel
	1/4-pel
	1/4-pel
	1/4-pel
	1/4-pel

	1/8pel_active_flag=1
num_ref_idx_lX_1/8pel_active=0
	1/4-pel
	1/8-pel
	1/4-pel
	1/8-pel
	1/4-pel

	1/8pel_active_flag=1
num_ref_idx_lX_1/8pel_active=N
	if refIdxLX<N
 1/8-pel
otherwise
 1/4-pel
	1/8-pel
	if refIdxLX<N
 1/8-pel
otherwise
 1/4-pel
	1/8-pel
	1/4-pel


1.2.2 Fractional interpolation filter for 1/8-pel and 1/16-pel

Fractional interpolation filters for 1/8-pel and 1/16-pel are added in HM3.0 to derive 1/8-pel prediction sample value for luminance and 1/16-pel prediction sample value for chrominance.Table3 shows 8-tap interpolation filter coefficient for luminance, and Table4 shows 4-tap interpolation filter coefficient for chrominance. Fractional prediction sample values for luminance and chrominance are derived in the same way as HM3.0. A difference is only filter coefficient for 1/8-pel and 1/16-pel. 8-tap filter coefficient for 1/8-pel sample value is designed based on 12-tap filter which is included in TMuC1.0 software. 
Table 3: 8-tap filter coefficient for luminance


	1/8-pel
	-1, 2, -6, 62, 9, -4, 2, 0
	

	1/4-pel
	-1, 4, -10, 57, 19, -7, 3, -1
	Same as HM3.0

	3/8-pel
	-2, 5, -11, 50, 29, -10, 5, -2
	

	1/2-pel
	-1, 4, -11, 40, 40, -11, 4, -1
	Same as HM3.0

	5/8-pel
	-2, 5, -10, 29, 50, -11, 5, -2
	

	3/4-pel
	-1, 3, -7, 19, 57, -10, 4, -1
	Same as HM3.0

	7/8-pel
	0, 2, -4, 9, 62, -6, 2, -1
	


Table 4: 4-tap filter coefficient for chrominance

	1/16-pel
	-2, 63, 4, -1
	

	1/8-pel
	-3, 60, 8, -1
	Same as HM3.0

	3/16-pel
	-4, 57, 12, -1
	

	1/4-pel
	-4, 54, 16, -2
	Same as HM3.0

	5/16-pel
	-5, 50, 22, -3
	

	3/8-pel
	-5, 46, 27, -4
	Same as HM3.0

	7/16-pel
	-5, 41, 32, -4
	

	1/2-pel
	-4, 36, 36, -4
	Same as HM3.0

	9/16-pel
	-4, 32, 41, -5
	

	5/8-pel
	-4, 27, 46, -5
	Same as HM3.0

	11/16-pel
	-3, 22, 50, -5
	

	3/4-pel
	-2, 16, 54, -4
	Same as HM3.0

	13/16-pel
	-1, 12, 57, -4
	

	7/8-pel
	-1, 8, 60, -3
	Same as HM3.0

	15/16-pel
	-1, 4, 63, -2
	


1.2.3 Derivation process for motion vector component
Motion vector component is derived as below.
When predFlagLX is equal to 1, the luma motion vector mvLX is derived as
· If 1/8_active_flag is equal to 1 and refIdxLX >= num_ref_idx_lX_1/8pel_active then, mvLX[ 0 ] = (mvpLX[ 0 ]/2)*2 + mvdLX[ 0 ]*2
mvLX[ 1 ] = (mvpLX[ 1 ]/2)*2 + mvdLX[ 1 ]*2
· Otherwise,
mvLX[ 0 ] = mvpLX[ 0 ] + mvdLX[ 0 ]
mvLX[ 1 ] = mvpLX[ 1 ] + mvdLX[ 1 ]
1.2.4 Derivation process of boundary filtering strength for deblocking filter
A condition, in which the variable bS is set to 1, is changed as below.
· if any of the following conditions are true, the variable bS is set equal to 1.

· The prediction unit containing sample p0 has different reference pictures or a different number of motion vectors with the prediction unit containing the sample q0.

· One motion vector is used to predict the prediction unit containing sample p0, one motion vector is used to predict the prediction unit containing sample q0, and the absolute difference between the horizontal or vertical component of the motion vector used is greater than or equal to (4<<1/8pel_active_flag) in units of quarter luma samples.

· Two motion vectors are used to predict the prediction unit containing sample p0, two motion vectors are used to predict the prediction unit containing sample q0, and at least one of the motion vector pairs corresponding the same reference pictures and the different boundary samples p0 and q0 satisfies the following condition:

1. The absolute difference between the horizontal or vertical component of a motion vector used in the prediction of the two prediction units is greater than or equal to (4<<1/8pel_active_flag) in units of quarter luma samples.
1.2.5 Motion storage compression

To avoid increasing memory bandwidth and memory capacity for co-located picture, motion vector mvLX is scaled down to 1/4-pel if 1/8pel_active_flag is equal to 1. 
· mvLX = mvLX >> 1/8pel_active_flag
2 Experimental results
A proposed method was implemented on HM3.0 software and tested for low delay P test condition [1]. Encoding setting for proposed method is as below (setting A). It means that 1/8-pel motion compensation is enabled and all reference pictures are referred to in 1/8-pel motion vector.

(setting A)
1. 1/8_active_flag is set to 1

2. num_ref_idx_l0_1/8pel_active is set to 4

3. num_ref_idx_l1_1/8pel_active is set to 0.

Table 5 shows its RD performance and execution time of proposed method with setting A relative to HM3.0. In low delay P case, proposed method with setting A saves 2.5% bits for high efficiency and 2.0% bits for low complexity on average. The encoding time is 19%-28% increased. The difference in decoding time is not obvious.
Table 5: The RD performance of proposal with setting A in low delay P case (anchor: HM3.0)
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Class A

Class B -1.5 -1.1 -1.5 -1.2 0.2 0.2

Class C -2.6 -1.5 -1.6 -2.2 -1.5 -1.5

Class D -4.3 -2.7 -2.7 -4.0 -2.3 -2.6

Class E -1.7 -0.8 -1.8 -0.6 -0.6 0.3

Overall -2.5 -1.5 -1.9 -2.0 -1.0 -0.9

Enc Time[%]

Dec Time[%]

119% 128%

100% 101%

Low delay P HE Low delay P LC

 
Figure 3 and figure 4 show the BD rate for each sequence of proposed method with setting A in low delay P case for high efficiency and low complexity, in which negative value means better RD performance relative to HM3.0. Especially, BD rate for BQSquare, BQTerrace, and PartyScene, for which GPB is effective, are improved by using proposed method with setting A. On the other hands, BD rate for BasketballPass, Racehorses (class D) and Kimono, for which GPB is not effective, are becoming worse by using proposed method with setting A. It is considered that 1/8-pel motion compensation is not so effective for these sequences as same as GPB and in reverse, overhead of motion vector difference is increased by using 1/8-pel motion vector. It is needed to switch motion compensation precision by using num_ref_idx_lX_1/8pel_active parameters.
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Figure 3: BD-Rate of proposal with setting A relative to HM3.0 in low delay P case for high efficiency
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Figure 4: BD-Rate of proposal with setting A relative to HM3.0 in low delay P case for low complexity
Not to increase overhead of motion vector difference in B slice, a proposed method was evaluated as below setting. 
(setting B)
1. 1/8_active_flag is set to 1
2. num_ref_idx_l0_1/8pel_active is set to 0

3. num_ref_idx_l1_1/8pel_active is set to 0.

Setting B means that 1/8-pel motion compensation is enabled and all reference pictures are referred to in 1/4-pel motion vector same as HM3.0. In this setting, internal motion vector, such as motion vector predictor, is expanded to 1/8-pel, and when motion vector predictor is directly used to derive prediction sample values in Merge/Skip mode, 8-pel motion compensation is evaluated. A precision of motion vector difference is always to be 1/4-pel, overhead is not increased.
Table 6 shows its RD performance and execution time of proposed method with setting B to HM3.0. In Random Access case, proposed method with setting B saves 0.4% bits for high efficiency and 0.4% bits for low complexity on average. In low delay B case, proposed method with setting B saves 0.1% bits for high efficiency and 0.2% bits for low complexity on average. In low delay P case, proposed method with setting B saves 1.1% bits for high efficiency and 1.1% bits for low complexity on average. The difference in encoding and decoding time is not obvious.
Table 6: The RD performance of proposal with setting B (anchor: HM3.0)
 [image: image7.emf]Y U V Y U V

Class A -0.1 -0.1 -0.2 0.0 0.1 0.0

Class B -0.2 -0.1 -0.1 -0.2 -0.1 0.0

Class C -0.4 -0.1 -0.2 -0.5 -0.3 -0.4

Class D -0.9 -0.5 -0.4 -1.1 -0.6 -0.6

Class E

Overall -0.4 -0.2 -0.2 -0.4 -0.2 -0.2

Enc Time[%]

Dec Time[%]

Y U V Y U V

Class A

Class B -0.1 0.1 -0.1 -0.1 -0.1 -0.3

Class C -0.2 -0.1 -0.3 -0.3 0.0 -0.3

Class D -0.1 0.3 0.4 -0.4 -0.3 -0.2

Class E 0.0 0.5 -0.2 0.0 -0.1 -0.2

Overall -0.1 0.2 0.0 -0.2 -0.1 -0.2

Enc Time[%]

Dec Time[%]

Y U V Y U V

Class A

Class B -0.5 -0.5 -0.6 -0.5 -0.3 -0.2

Class C -1.3 -1.0 -1.1 -1.2 -0.8 -1.0

Class D -2.3 -1.7 -1.8 -2.2 -1.7 -1.7

Class E -0.4 0.2 -0.6 -0.3 -0.3 -0.4

Overall -1.1 -0.8 -1.0 -1.1 -0.8 -0.8

Enc Time[%]

Dec Time[%]

100% 101%

100% 100%

Low delay P HE Low delay P LC

103% 101%

Low delay B LC Low delay B HE

101%

101%

101%

101%

101% 102%

Random Access HE Random Access LC


From Figure 5 to 10 show the BD rate for each sequence of proposed method with setting B in random access case, low delay B case, and low delay P case for high efficiency and low complexity. It was observed that the proposed method with setting B saves bits for random access case and low delay B case. Moreover, it was observed that BD rate for BasketballPass, Racehorses (class D) and Kimono in low delay P case, which showed loss in setting A, are slightly improved compared to setting A by using proposed method with setting B. It indicates that there is possibility to get more coding efficiency if num_ref_idx_lX_1/8pel_active parameters were switched adequately in encoder side.
[image: image8.emf]BD-Rate of proposal relative to HM3.0 (random access case for high efficiency)

0.0

0.1

0.0

-0.5

0.0

0.1

-0.7

0.0

-0.3

0.1

-0.5

-1.3

0.1

-0.1

-2.6

-1.0

0.1

-2.6

0.1

-0.4

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

Traffic PeopleOnStreet Nebuta SteamLocomotive Kimono ParkScene Cactus BasketballDrive BQTerrace BasketballDrill BQMall PartyScene RaceHorses BasketballPass BQSquare BlowingBubbles RaceHorses Min Max Average

proposal


Figure 5: BD-Rate of proposal with setting B in random access case for high efficiency
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Figure 6: BD-Rate of proposal with setting B in random access case for low complexity
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Figure 7: BD-Rate of proposal with setting B in low delay B case for high efficiency
[image: image11.emf]BD-Rate of proposal relative to HM3.0 (low delay B case for low complexity)
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Figure 8: BD-Rate of proposal with setting B in low delay B case for low complexity 
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Figure 9: BD-Rate of proposal with setting B in low delay P case for high efficiency
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Figure 10: BD-Rate of proposal with setting B in low delay P case for low complexity
Table 6 shows RD performance of low delay P with this proposal relative to low delay B in HM3.0. It was observed that coding loss of low delay P case relative to low delay B case was improved about half compared to HM3.0 result (Table 1) without increasing memory bandwidth, which is important merit of low delay P case.
Table 7: The RD performance of proposed method relative to low delay B in HM3.0
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Class A

Class B 5.2 4.8 4.0 7.0 6.7 6.2

Class C 2.1 1.8 1.8 1.9 1.5 1.5

Class D 1.3 0.4 0.2 0.4 0.9 0.8

Class E 3.3 1.1 -1.0 5.1 4.6 3.9

Overall 3.1 2.2 1.5 3.7 3.6 3.3

Enc Time[%]

Dec Time[%]

Low delay B HE Low delay B LC

84% 79%

95% 92%


3 Conclusion
In this contribution, picture adaptive 1/8-pel motion compensation method is proposed. An experimental result shows that the proposed method saves 2.5% bits for high efficiency on average in low delay P scenario. The encoding time is 19% increased relative to HM3.0, but the difference in decoding time is not obvious. The proposed method can be configurable to achieve 1.1% bits reduction on average for high efficiency in low delay P scenario without obvious difference in encoding and decoding time.
For the other test scenarios, the proposed method saves 0.4% bits on average for high efficiency in random access scenario, and 0.1% bits on average for high efficiency in low delay B scenario. 
Based on the above results, we suggest JCT-VC to consider the future adoption of the proposed method based on the study in a CE.
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6 Appendix
Proposed changes on Working Draft 3.0 (to be refined)
6.1 Syntax in tabular form

7.3.2.2
Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Descriptor

	
pic_parameter_set_id
	ue(v)

	
seq_parameter_set_id
	ue(v)

	
entropy_coding_mode_flag
	u(1)

	
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)

	
1/8pel_active_flag
	

	
if (1/8pel_active_flag)
	

	

num_ref_idx_l0_default_1/8pel_active
	

	

num_ref_idx_l1_default_1/8pel_active
	

	
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( )
	

	}
	


7.3.3
Slice header syntax

	slice_header( ) {
	Descriptor

	
lightweight_slice_flag
	u(1)

	
if( !lightweight_slice_flag ) {
	

	

slice_type
	ue(v)

	

pic_parameter_set_id
	ue(v)

	

frame_num
	u(v)

	

if( IdrPicFlag )
	

	


idr_pic_id
	ue(v)

	

if( pic_order_cnt_type  = =  0 )
	

	


pic_order_cnt_lsb /* 
	u(v)

	

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)

	



num_ref_idx_l0_1/8pel_active
	ue(v)

	



if( slice_type  = =  B )
	

	




num_ref_idx_l1_active_minus1
	ue(v)

	




num_ref_idx_l1_1/8pel_active
	ue(v)

	


}
	

	

}
	

	

ref_pic_list_modification( )
	

	

ref_pic_list_combination( )
	

	

if( nal_ref_idc != 0 )
	

	


dec_ref_pic_marking( )
	

	
}
	

	
if( entropy_coding_mode_flag  &&  slice_type  !=  I)
	

	

cabac_init_idc
	ue(v)

	
first_slice_in_pic_flag
	u(1)

	
if( first_slice_in_pic_flag == 0 )
	

	

slice_address
	u(v)

	
if( !lightweight_slice_flag ) {
	

	

slice_qp_delta
	se(v)

	

if( sample_adaptive_offset_enabled_flag )
	

	


sao_param()
	

	

if( deblocking_filter_control_present_flag ) {
	

	


disable_deblocking_filter_idc
	

	


if( disable_deblocking_filter_idc  !=  1 ) {
	

	



slice_alpha_c0_offset_div2
	

	



slice_beta_offset_div2
	

	


}
	

	

}
	

	

if( slice_type = = B )
	

	


collocated_from_l0_flag
	u(1)

	

if( adaptive_loop_filter_enabled_flag ) {
	

	


if( !shared_pps_info_enabled_flag )
	

	



alf_param( )
	

	


alf_cu_control_param( )
	

	

}
	

	
}
	

	}
	


6.2 Semantics

7.4.2.2
Picture parameter set RBSP semantics

1/8pel_active_flag equal to 1 specifies 1/8-pel motion compensation is enabled.

num_ref_idx_l0_default_1/8pel_active specifies how num_ref_idx_l0_1/8pel_active is inferred for P and B slices with num_ref_idx_active_override_flag equal to 0. 
The value of num_ref_idx_l0_default_1/8pel_active shall be in the range of 0 to 31, inclusive.

num_ref_idx_l1_default_1/8pel_active specifies how num_ref_idx_l1_1/8pel_active is inferred for B slices with num_ref_idx_active_override_flag equal to 0. 
The value of num_ref_idx_l0_default_1/8pel_active shall be in the range of 0 to 31, inclusive.

6.2.1 Slice header semantics

num_ref_idx_l0_1/8pel_active specifies the maximum reference index plus 1 for reference picture list 0 to which motion vector referred in 1/8-pel precision.
When the current slice is a P or B slice and num_ref_idx_l0_1/8pel_active is not present, num_ref_idx_l0_1/8pel_active shall be inferred to be equal to num_ref_idx_l0_default_1/8pel_active.

num_ref_idx_l1_1/8pel_active specifies the maximum reference index plus 1 for reference picture list 1 to which motion vector referred in 1/8-pel precision.
When the current slice is a B slice and num_ref_idx_l1_1/8pel_active is not present, num_ref_idx_l1_1/8pel_active shall be inferred to be equal to num_ref_idx_l1_default_1/8pel_active.
8.2
Slice decoding process
8.4.2.1
Derivation process for motion vector components and reference indices

Input to this process are
· a luma location ( xC, yC ) of the top-left luma sample of the current coding unit relative to the top-left luma sample of the current picture,
· a luma location ( xB, yB ) of the top-left luma sample of the current prediction unit relative to the top-left luma sample of the current coding unit,

· variables specifying the width and the height of the prediction unit for luma, nPSW and nPSH,

· a variable PartIdx specifying the index of the current prediction unit within the current coding unit.

Outputs of this process are

· luma motion vectors mvL0 and mvL1 and chroma motion vectors mvCL0 and mvCL1,

· reference indices refIdxL0 and refIdxL1,

· prediction list utilization flags predFlagL0 and predFlagL1.

Let ( xP, yP ) specify the top-left luma sample of the current prediction unit relative to the top-left luma sample of the current picture where xP = xC + xB and yP = yC + yB.

For the derivation of the variables mvL0 and mvL1, refIdxL0 and refIdxL1 as well as PredFlagL0 and PredFlagL1, the following applies.

· If PredMode is equal to MODE_SKIP, the derivation process for luma motion vectors for merge mode as specified in subclause 8.4.2.1.3 is invoked with the luma location ( xP, yP ), variables nPSW, nPSH and the partition index PartIdx as inputs and the output being the luma motion vectors mvL0, mvL1, the reference indices refIdxL0, refIdxL1, and the prediction list utilization flags predFlagL0 and predFlagL1.

· Otherwise, if PredMode is equal to MODE_INTER and merge_flag[ xP ][ yP ] is equal to 1,, the derivation process for luma motion vectors for merge mode as specified in subclause 8.4.2.1.3 is invoked with the luma location ( xP, yP ), variables nPSW and nPSH and the partition index PartIdx as inputs and the outputs being the luma motion vectors mvL0 and mvL1, the reference indices refIdxL0 and refIdxL1, the prediction utilization flags predFlagL0 and predFlagL1.

· Otherwise, for X being replaced by either 0 or 1 in the variables predFlagLX, mvLX, refIdxLX and in Pred_LX and in the syntax elements ref_idx_lX and mvd_lX, the following applies.

1. The variables LcToLx, refIdxLX and predFlagLX are derived as follows.

· If inter_pred_flag[ xP ][ yP ] is equal to Pred_LC and PredLCToPredLx[ ref_idx_lc[ xP ][ yP ] ] is equal to Pred_LX, 






refIdxLX = RefIdxLCToRefIdxLx[ ref_idx_lc[ xP ][ yP ] ]
(8‑52)




predFlagLX = 1

(8‑53)




mvd_lX[ xP ][ yP ][ 0 ] = mvd_lc[ xP ][ yP ][ 0 ]
(8‑54)





mvd_lX[ xP ][ yP ][ 1 ] = mvd_lc[ xP ][ yP ][ 1 ]
(8‑55)





mvp_idx_lX[ xP ][ yP ][ 0 ] = mvp_idx_lc[ xP ][ yP ]
(8‑56)





LcToLx = LX

(8‑57)

· Otherwise, if inter_pred_flag[ xP ][ yP ] is equal to Pred_LX or Pred_BI, 






refIdxLX = ref_idx_lX[ xP ][ yP ]

(8‑58)





predFlagLX = 1

(8‑59)
· Otherwise, the variables refIdxLX and predFlagLX are specified by






refIdxLX = -1

(8‑60)





predFlagLX = 0

(8‑61)
2. The variable mvdLX is derived as follows.





mvdLX[ 0 ] = mvd_lX[ xP ][ yP ][ 0 ]

(8‑62)




mvdLX[ 1 ] = mvd_lX[ xP ][ yP ][ 1 ]

(8‑63)
3. When predFlagLX is equal to 1, the variable mvpLX is derived as follows. 

· The derivation process for luma motion vector prediction in subclause 8.4.2.1.5 is invoked with the luma location ( xP, yP ), variables nPSW and nPSH and refIdxLX as the inputs and the output being mvpLX.

4. When predFlagLX is equal to 1, the luma motion vector mvLX is derived as 
· If 1/8_active_flag is equal to 1 and refIdxLX >= num_ref_idx_lX_1/8pel_active then, mvLX[ 0 ] = (mvpLX[ 0 ]/2)*2 + mvdLX[ 0 ]*2
mvLX[ 1 ] = (mvpLX[ 1 ]/2)*2 + mvdLX[ 1 ]*2
· Otherwise, 





mvLX[ 0 ] = mvpLX[ 0 ] + mvdLX[ 0 ]
(8‑64)




mvLX[ 1 ] = mvpLX[ 1 ] + mvdLX[ 1 ]
(8‑65)
When ChromaArrayType is not equal to 0 and predFlagLX (with X being either 0 or 1) is equal to 1, the derivation process for chroma motion vectors in subclause 8.4.2.1.8 is invoked with mvLX and refIdxLX as inputs and the output being mvCLX.

8.4.2.2.2.1
Luma sample interpolation process

Inputs to this process are:

–
a luma location in full-sample units ( xIntL, yIntL ),

–
a luma location in fractional-sample units ( xFracL, yFracL ),

–
the luma reference sample array refPicLXL.

Output of this process is a predicted luma sample value predSampleLXL[ xL, yL ]
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Figure 8‑6 – Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded blocks with lower-case letters) for quarter sample luma interpolation

In Figure 8‑5, the positions labelled with upper-case letters Ai, j within shaded blocks represent luma samples at full-sample locations inside the given two-dimensional array refPicLXL of luma samples. These samples may be used for generating the predicted luma sample value predSampleLXL[ xL, yL ]. The locations ( xAi, j, yAi, j ) for each of the corresponding luma samples Ai, j inside the given array refPicLXL of luma samples are derived as follows:

xAi, j = Clip3( 0, PicWidthInSamplesL – 1, xIntL +i )

(8‑97)
yAi, j = Clip3( 0, PicHeightInSamplesL – 1, yIntL +j )

(8‑98)
Variables shift1, shift2, shift3, offset1 and offset2 are derived as follows.

–
The variable shift1 is set equal to BitDepthY – 8, the variable shift2 is set equal to BitDepthY – 2, and the variable shift3 is set equal to 14 – BitDepthY.

–
If the variable shift1 is equal to 0, the variable offset1 is set equal to 0, otherwise, the variable offset1 is set equal to 1 << ( shift1 – 1 ).

–
The variable offset2 is set equal to 1 << ( shift2 – 1 ).

Given the luma samples Ai, j at full-sample locations ( xAi, j, yAi, j ), the luma samples ‘a0,0’ to ‘r0,0’ at fractional sample positions are derived by the following rules.

–
The samples labelled a0,0, b0,0, c0,0, d0,0, h0,0, and n0,0 shall be derived by applying the 8-tap filter to the nearest integer position samples and clipping the filtered value:

a0,0 = ( -A-3,0 + 4*A-2,0 - 10*A-1,0 + 57*A0,0 +
 19*A1,0 - 7*A2,0 + 3*A3,0 - A4,0 + offset1 ) >> shift1
(8‑99)
b0,0 = ( -A-3,0 + 4*A-2,0 - 11*A-1,0 + 40*A0,0 +
 40*A1,0 - 11*A2,0 + 4*A3,0 - A4,0 + offset1 ) >> shift1
(8‑100)
c0,0 = ( -A-3,0 + 3*A-2,0 - 7*A-1,0 + 19*A0,0 +
 57*A1,0 - 10*A2,0 + 4*A3,0 - A4,0 + offset1 ) >> shift1
(8‑101)
d0,0 = ( -A0,-3 + 4*A0,-2 - 10*A0,-1 + 57*A0,0 +
 19*A0,1 - 7*A0,2 + 3*A0,3 - A0,4 + offset1 ) >> shift1
(8‑102)
h0,0 = ( -A0,-3 + 4*A0,-2 - 11*A0,-1 + 40*A0,0 +
 40*A0,1 - 11*A0,2 + 4*A0,3 - A0,4 + offset1 ) >> shift1
(8‑103)
n0,0 = ( -A0,-3 + 3*A0,-2 - 7*A0,-1 + 19*A0,0 +
 57*A0,1 - 10*A0,2 + 4*A0,3 - A0,4 + offset1 ) >> shift1
(8‑104)
–
If 1/8pel_active_flag is equal to 1, the samples labelled Aa0,0, ab0,0, bc0,0, cA0,0, Ad0,0, dh0,0, hn0,0,and nA0,0 shall be derived by applying the 8-tap filter to the nearest integer position samples and clipping the filtered value: 
Aa0,0 = ( -A-3,0 + 2*A-2,0 - 6*A-1,0 + 62*A0,0 +
 9*A1,0 - 4*A2,0 + 2*A3,0 + offset1 ) >> shift1
(8‑99)
ab0,0 = ( -2*A-3,0 + 5*A-2,0 - 11*A-1,0 + 50*A0,0 +
 29*A1,0 - 10*A2,0 + 5*A3,0 – 2*A4,0 + offset1 ) >> shift1
(8‑99)
bc0,0 = ( -2*A-3,0 + 5*A-2,0 - 10*A-1,0 + 29*A0,0 +
 50*A1,0 - 11*A2,0 + 5*A3,0 – 2*A4,0 + offset1 ) >> shift1
(8‑99)
cA0,0 = ( 2*A-2,0 - 4*A-1,0 + 9*A0,0 + 62*A1,0 - 6*A2,0 + 2*A3,0 – A4,0 + offset1 ) >> shift1
(8‑99)
Ad0,0 = ( -A0,-3 + 2*A0,-2 - 6*A0,-1 + 62*A0,0 +
 9*A0,1 - 4*A0,2 + 2*A0,3 + offset1 ) >> shift1
(8‑102)
dh0,0 = ( -2*A0,-3 + 5*A0,-2 - 11*A0,-1 + 50*A0,0 +
 29*A0,1 - 10*A0,2 + 5*A0,3 – 2*A0,4 + offset1 ) >> shift1
(8‑102)
hn0,0 = ( -2*A0,-3 + 5*A0,-2 - 10*A0,-1 + 29*A0,0 +
 50*A0,1 - 11*A0,2 + 5*A0,3 – 2*A0,4 + offset1 ) >> shift1
(8‑102)
nA0,0 = ( 2*A0,-2 - 4*A0,-1 + 9*A0,0 + 62*A0,1 - 6*A0,2 + 2*A0,3 - A0,4 + offset1 ) >> shift1
(8‑102)
–
The samples labelled e0,0, f0,0, g0,0, i0,0, j0,0, k0,0, p0,0, q0,0 and r0,0 shall be derived by first calculating intermediate values denoted as d1i,0, h1i,0 and n1i,0 where i = -3..4 by applying the 8-tap filter to the nearest integer position samples in vertical direction: [Ed: (WJ) horizontal first yields the same result]

d1i,0 =  -Ai,-3 + 4*Ai,-2 - 10*Ai,-1 + 57*Ai,0 + 19*Ai,1 - 7*Ai,2 + 3*Ai,3 - Ai,4
(8‑105)
h1i,0 =  -Ai,-3 + 4*Ai,-2 - 11*Ai,-1 + 40*Ai,0 +
 40*Ai,1 - 11*Ai,2 + 4*Ai,3 - Ai,4
(8‑106)
n1i,0 =  -Ai,-3 + 3*Ai,-2 - 7*Ai,-1 + 19*Ai,0 +
 57*Ai,1 - 10*Ai,2 + 4*Ai,3 - Ai,4
(8‑107)
–
If 1/8pel_active_flag is equal to 1, the samples labelled Aade0,0 to rncA0,0 shall be derived by first calculating intermediate values denoted as Ad1i,0, dh1i,0, hn1i,0 and nA1i,0 where i = -3..4 by applying the 8-tap filter to the nearest integer position samples in vertical direction: 
Ad1i,0 =  -Ai,-3 + 2*Ai,-2 - 6*Ai,-1 + 62*Ai,0 + 9*Ai,1 - 4*Ai,2 + 2*Ai,3
(8‑105)
dh1i,0 =  -2*Ai,-3 + 5*Ai,-2 - 11*Ai,-1 + 50*Ai,0 + 29*Ai,1 - 10*Ai,2 + 5*Ai,3 – 2*Ai,4
(8‑105)
hn1i,0 =  -2*Ai,-3 + 5*Ai,-2 - 10*Ai,-1 + 29*Ai,0 + 50*Ai,1 - 11*Ai,2 + 5*Ai,3 – 2*Ai,4
(8‑105)
nA1i,0 = 2*Ai,-2 - 4*Ai,-1 + 9*Ai,0 + 62*Ai,1 - 6*Ai,2 + 2*Ai,3 – Ai,4

(8‑105)
–
The final prediction values e0,0, f0,0, g0,0, i0,0, j0,0, k0,0, p0,0, q0,0 and r0,0 shall be derived by applying the 8-tap filter to the intermediate values d1i,0, h1i,0 and n1i,0 where i = -3..4 in horizontal direction:

e0,0 = ( -d1-3,0 + 4*d1-2,0 - 10*d1-1,0 + 57*d10,0 +
 19*d11,0 - 7*d12,0 + 3*d13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
f0,0 = ( -d1-3,0 + 4*d1-2,0 - 11*d1-1,0 + 40*d10,0 +
 40*d11,0 - 11*d12,0 + 4*d13,0 - d14,0 + offset2 ) >> shift2
(8‑109)
g0,0 = ( -d1-3,0 + 3*d1-2,0 - 7*d1-1,0 + 19*d10,0 +
 57*d11,0 - 10*d12,0 + 4*d13,0 - d14,0 + offset2 ) >> shift2
(8‑110)
i0,0 = ( -h1-3,0 + 4*h1-2,0 - 10*h1-1,0 + 57*h10,0 +
 19*h11,0 - 7*h12,0 + 3*h13,0 - h14,0 + offset2 ) >> shift2
(8‑111)
j0,0 = ( -h1-3,0 + 4*h1-2,0 - 11*h1-1,0 + 40*h10,0 +
 40*h11,0 - 11*h12,0 + 4*h13,0 - h14,0 + offset2 ) >> shift2
(8‑112)
k0,0 = ( -h1-3,0 + 3*h1-2,0 - 7*h1-1,0 + 19*h10,0 +
 57*h11,0 - 10*h12,0 + 4*h13,0 - h14,0 + offset2 ) >> shift2
(8‑113)
p0,0 = ( -n1-3,0 + 4*n1-2,0 - 10*n1-1,0 + 57*n10,0 +
 19*n11,0 - 7*n12,0 + 3*n13,0 - n14,0 + offset2 ) >> shift2
(8‑114)
q0,0 = ( -n1-3,0 + 4*n1-2,0 - 11*n1-1,0 + 40*n10,0 +
 40*n11,0 - 11*n12,0 + 4*n13,0 - n14,0 + offset2 ) >> shift2
(8‑115)
r0,0 = ( -n1-3,0 + 3*n1-2,0 - 7*n1-1,0 + 19*n10,0 +
 57*n11,0 - 10*n12,0 + 4*n13,0 - n14,0 + offset2 ) >> shift2
(8‑116)
–
If 1/8pel_active_flag is equal to 1, the final prediction values Aade0,0 to rncA0,0 shall be derived by applying the 8-tap filter to the intermediate values Ad1i,0, dh1i,0, hn1i,0 and nA1i,0 where i = -3..4 in horizontal direction:
Aade0,0 = ( -Ad1-3,0 + 2*Ad1-2,0 - 6*Ad1-1,0 + 62*Ad10,0 +
 9*Ad11,0 - 4*Ad12,0 + 2*Ad13,0 + offset2 ) >> shift2
(8‑108)
ae0,0 = ( -Ad1-3,0 + 4*Ad1-2,0 - 10*Ad1-1,0 + 57*Ad10,0 +
 19*Ad11,0 - 7*Ad12,0 + 3*Ad13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
abef0,0 = ( -2*Ad1-3,0 + 5*Ad1-2,0 - 11*Ad1-1,0 + 50*Ad10,0 +
 29*Ad11,0 - 10*Ad12,0 + 5*Ad13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
bf0,0 = ( -Ad1-3,0 + 4*Ad1-2,0 - 11*Ad1-1,0 + 40*Ad10,0 +
 40*Ad11,0 - 11*Ad12,0 + 4*Ad13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
bcfg0,0 = ( -2*Ad1-3,0 + 5*Ad1-2,0 - 10*Ad1-1,0 + 29*Ad10,0 +
 50*Ad11,0 - 11*Ad12,0 + 5*Ad13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
cg0,0 = ( -Ad1-3,0 + 3*Ad1-2,0 - 7*Ad1-1,0 + 19*Ad10,0 +
 57*Ad11,0 - 10*Ad12,0 + 4*Ad13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
cAgd0,0 = ( 2*Ad1-2,0 - 4*Ad1-1,0 + 9*Ad10,0 +
 62*Ad11,0 - 6*Ad12,0 + 2*Ad13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
dehi0,0 = ( -dh1-3,0 + 2*dh1-2,0 - 6*dh1-1,0 + 62*dh10,0 +
 9*dh11,0 - 4*dh12,0 + 2*dh13,0 + offset2 ) >> shift2
(8‑108)
ei0,0 = ( -dh1-3,0 + 4*dh1-2,0 - 10*dh1-1,0 + 57*dh10,0 +
 19*dh11,0 - 7*dh12,0 + 3*dh13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
efij0,0 = ( -2*dh1-3,0 + 5*dh1-2,0 - 11*dh1-1,0 + 50*dh10,0 +
 29*dh11,0 - 10*dh12,0 + 5*dh13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
fj0,0 = ( -dh1-3,0 + 4*dh1-2,0 - 11*dh1-1,0 + 40*dh10,0 +
 40*dh11,0 - 11*dh12,0 + 4*dh13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
fgjk0,0 = ( -2*dh1-3,0 + 5*dh1-2,0 - 10*dh1-1,0 + 29*dh10,0 +
 50*dh11,0 - 11*dh12,0 + 5*dh13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
gk0,0 = ( -dh1-3,0 + 3*dh1-2,0 - 7*dh1-1,0 + 19*dh10,0 +
 57*dh11,0 - 10*dh12,0 + 4*dh13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
gdkh0,0 = ( 2*dh1-2,0 - 4*dh1-1,0 + 9*dh10,0 +
 62*dh11,0 - 6*dh12,0 + 2*dh13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
hinp0,0 = ( -hn1-3,0 + 2*hn1-2,0 - 6*hn1-1,0 + 62*hn10,0 +
 9*hn11,0 - 4*hn12,0 + 2*hn13,0 + offset2 ) >> shift2
(8‑108)
ip0,0 = ( -hn1-3,0 + 4*hn1-2,0 - 10*hn1-1,0 + 57*hn10,0 +
 19*hn11,0 - 7*hn12,0 + 3*hn13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
ijpq0,0 = ( -2*hn1-3,0 + 5*hn1-2,0 - 11*hn1-1,0 + 50*hn10,0 +
 29*hn11,0 - 10*hn12,0 + 5*hn13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
jq0,0 = ( -hn1-3,0 + 4*hn1-2,0 - 11*hn1-1,0 + 40*hn10,0 +
 40*hn11,0 - 11*hn12,0 + 4*hn13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
jkqr0,0 = ( -2*hn1-3,0 + 5*hn1-2,0 - 10*hn1-1,0 + 29*hn10,0 +
 50*hn11,0 - 11*hn12,0 + 5*hn13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
kr0,0 = ( -hn1-3,0 + 3*hn1-2,0 - 7*hn1-1,0 + 19*hn10,0 +
 57*hn11,0 - 10*hn12,0 + 4*hn13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
khrn0,0 = ( 2*hn1-2,0 - 4*hn1-1,0 + 9*hn10,0 +
 62*hn11,0 - 6*hn12,0 + 2*hn13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
npAa0,0 = ( -nA1-3,0 + 2*nA1-2,0 - 6*nA1-1,0 + 62*nA10,0 +
 9*nA11,0 - 4*nA12,0 + 2*nA13,0 + offset2 ) >> shift2
(8‑108)
pa0,0 = ( -nA1-3,0 + 4*nA1-2,0 - 10*nA1-1,0 + 57*nA10,0 +
 19*nA11,0 - 7*nA12,0 + 3*nA13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
pqab0,0 = ( -2*nA1-3,0 + 5*nA1-2,0 - 11*nA1-1,0 + 50*nA10,0 +
 29*nA11,0 - 10*nA12,0 + 5*nA13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
qb0,0 = ( -nA1-3,0 + 4*nA1-2,0 - 11*nA1-1,0 + 40*nA10,0 +
 40*nA11,0 - 11*nA12,0 + 4*nA13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
qrbc0,0 = ( -2*nA1-3,0 + 5*nA1-2,0 - 10*nA1-1,0 + 29*nA10,0 +
 50*nA11,0 - 11*nA12,0 + 5*nA13,0 – 2*d14,0 + offset2 ) >> shift2
(8‑108)
rc0,0 = ( -nA1-3,0 + 3*nA1-2,0 - 7*nA1-1,0 + 19*nA10,0 +
 57*nA11,0 - 10*nA12,0 + 4*nA13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
rncA0,0 = ( 2*nA1-2,0 - 4*nA1-1,0 + 9*nA10,0 +
 62*nA11,0 - 6*nA12,0 + 2*nA13,0 - d14,0 + offset2 ) >> shift2
(8‑108)
The positions labelled with lower-case letters within un-shaded blocks represent luma samples at quarter-pel sample fractional locations. The luma location offset in fractional-sample units ( xFracL, yFracL ) specifies which of the generated luma samples at full-sample and fractional-sample locations is assigned to the predicted luma sample value predSampleLXL[ xL, yL ]. This assignment is done according to Table 8‑9. The value of predSampleLXL[ xL, yL ] shall be the output.

Table 8‑11 – Assignment of the luma prediction sample predSampleLXL[ xL, yL ]
	xFracL
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3

	yFracL
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3

	predSampleLXL[ xL, yL ]
	A << shift3
	d
	h
	n
	a
	e
	i
	p
	b
	f
	j
	q
	c
	g
	k
	r


– If 1/8pel_active_flag is equal to 1, the positions labelled with lower-case letters within un-shaded blocks represent luma samples at eighth-pel sample fractional locations. The luma location offset in fractional-sample units ( xFracL, yFracL ) specifies which of the generated luma samples at full-sample and fractional-sample locations is assigned to the predicted luma sample value predSampleLXL[ xL, yL ]. This assignment is done according to Table 8‑x. The value of predSampleLXL[ xL, yL ] shall be the output.

Table 8‑x – Assignment of the luma prediction sample predSampleLXL[ xL, yL ]
	xFracL
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1

	yFracL
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXL[ xL, yL ]
	A << shift3
	Ad
	d
	dh
	h
	hn
	n
	nA
	Aa
	Aade
	de
	dehi
	hi
	hinp
	np
	npAa


	xFracL
	2
	2
	2
	2
	2
	2
	2
	2
	3
	3
	3
	3
	3
	3
	3
	3

	yFracL
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXL[ xL, yL ]
	a
	ae
	e
	ei
	i
	ip
	p
	pa
	ab
	abef
	ef
	efij
	ij
	ijpq
	pq
	pqab


	xFracL
	4
	4
	4
	4
	4
	4
	4
	4
	5
	5
	5
	5
	5
	5
	5
	5

	yFracL
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXL[ xL, yL ]
	b
	bf
	f
	fj
	j
	jq
	q
	qb
	bc
	bcfg
	fg
	fgjk
	jk
	jkqr
	qr
	qrbc


	xFracL
	6
	6
	6
	6
	6
	6
	6
	6
	7
	7
	7
	7
	7
	7
	7
	7

	yFracL
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXL[ xL, yL ]
	c
	cg
	g
	gk
	k
	kr
	r
	rc
	cA
	cAgd
	gd
	gdkh
	kh
	khrn
	rn
	rncA


8.4.2.2.2.2
Chroma sample interpolation process

Inputs to this process are:

–
a chroma location in full-sample units ( xIntC, yIntC ),

–
a chroma location in fractional-sample units ( xFracC, yFracC ),

–
the chroma reference sample array refPicLXC.

Output of this process is a predicted chroma sample value predSampleLXC[ xC, yC ]
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Figure 8‑7 – Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded blocks with lower-case letters) for eighth sample chroma interpolation

In Figure 8‑5, the positions labelled with upper-case letters Bi, j within shaded blocks represent chroma samples at full-sample locations inside the given two-dimensional array refPicLXC of chroma samples. These samples may be used for generating the predicted chroma sample value predSampleLXC[ xC, yC ]. The locations ( xBi, j, yBi, j ) for each of the corresponding chroma samples Bi, j inside the given array refPicLXC of chroma samples are derived as follows:

xBi, j = Clip3( 0, PicWidthInSamplesC – 1, xIntC +i )

(8‑117)
yBi, j = Clip3( 0, PicHeightInSamplesC – 1, yIntC +j )

(8‑118)
Variables shift1, shift2, shift3, offset1 and offset2 are derived as follows.

–
The variable shift1 is set equal to BitDepthC – 8, the variable shift2 is set equal to BitDepthC – 2, and the variable shift3 is set equal to 14 – BitDepthC.

–
If the variable shift1 is equal to 0, the variable offset1 is set equal to 0, otherwise, the variable offset1 is set equal to 1 << ( shift1 – 1 ).

–
The variable offset2 is set equal to 1 << ( shift2 – 1 ).

Given the chroma samples Bi, j at full-sample locations ( xBi, j, yBi, j ), the chroma samples ‘ab0,0’ to ‘hh0,0’ at fractional sample positions are derived by the following rules.

–
The samples labelled ab0,0, ac0,0, ad0,0, ae0,0, af0,0, ag0,0, and ah0,0 shall be derived by applying the 4-tap filter to the nearest integer position samples and clipping the filtered value:

ab0,0 = ( -3*B-1,0 + 60*B0,0 + 8*B1,0 – B2,0 + offset1 ) >> shift1
(8‑119)
ac0,0 = ( -4*B-1,0 + 54*B0,0 + 16*B1,0 – 2*B2,0 + offset1 ) >> shift1
(8‑120)

ad0,0 = ( -5*B-1,0 + 46*B0,0 + 27*B1,0 – 4*B2,0 + offset1 ) >> shift1
(8‑121)

ae0,0 = ( -4*B-1,0 + 36*B0,0 + 36*B1,0 – 4*B2,0 + offset1 ) >> shift1
(8‑122)

af0,0 = ( -4*B-1,0 + 27*B0,0 + 46*B1,0 – 5*B2,0 + offset1 ) >> shift1
(8‑123)

ag0,0 = ( -2*B-1,0 + 16*B0,0 + 54*B1,0 – 4*B2,0 + offset1 ) >> shift1
(8‑124)

ah0,0 = ( -B-1,0 + 8*B0,0 + 60*B1,0 – 3*B2,0 + offset1 ) >> shift1
(8‑125)
–
If 1/8pel_active_flag is equal to 1, the samples labelled Bab0,0 to ahB0,0 shall be derived by applying the 4-tap filter to the nearest integer position samples and clipping the filtered value: 

Bab0,0 = ( -2*B-1,0 + 63*B0,0 + 4*B1,0 – B2,0 + offset1 ) >> shift1
(8‑119)
abac0,0 = ( -4*B-1,0 + 57*B0,0 + 12*B1,0 – B2,0 + offset1 ) >> shift1
(8‑119)
acad0,0 = ( -5*B-1,0 + 50*B0,0 + 22*B1,0 – 3*B2,0 + offset1 ) >> shift1
(8‑119)
adae0,0 = ( -5*B-1,0 + 41*B0,0 + 32*B1,0 – 4*B2,0 + offset1 ) >> shift1
(8‑119)
aeaf0,0 = ( -4*B-1,0 + 32*B0,0 + 41*B1,0 – 5*B2,0 + offset1 ) >> shift1
(8‑119)
afag0,0 = ( -3*B-1,0 + 22*B0,0 + 50*B1,0 – 5*B2,0 + offset1 ) >> shift1
(8‑119)
agah0,0 = ( -B-1,0 + 12*B0,0 + 57*B1,0 – 4*B2,0 + offset1 ) >> shift1
(8‑119)
ahB0,0 = ( -B-1,0 + 4*B0,0 + 63*B1,0 – 2*B2,0 + offset1 ) >> shift1
(8‑119)
–
The samples labelled ba0,0, ca0,0, da0,0, ea0,0, fa0,0, ga0,0, and ha0,0 shall be derived by applying the 4-tap filter to the nearest integer position samples and clipping the filtered value:

ba0,0 = ( -3*B0,-1 + 60*B0,0 + 8*B0,1 – B0,2 + offset1 ) >> shift1
(8‑126)
ca0,0 = ( -4*B0,-1 + 54*B0,0 + 16*B0,1 – 2*B0,2 + offset1 ) >> shift1
(8‑127)

da0,0 = ( -5*B0,-1 + 46*B0,0 + 27*B0,1 – 4*B0,2 + offset1 ) >> shift1
(8‑128)

ea0,0 = ( -4*B0,-1 + 36*B0,0 + 36*B0,1 – 4*B0,2 + offset1 ) >> shift1
(8‑129)

fa0,0 = ( -4*B0,-1 + 27*B0,0 + 46*B0,1 – 5*B0,2 + offset1 ) >> shift1
(8‑130)

ga0,0 = ( -2*B0,-1 + 16*B0,0 + 54*B0,1 – 4*B0,2 + offset1 ) >> shift1
(8‑131)

ha0,0 = ( -B0,-1 + 8*B0,0 + 60*B0,1 – 3*B0,2 + offset1 ) >> shift1
(8‑132)
–
If 1/8pel_active_flag is equal to 1, the samples labelled Bba0,0 to haB0,0 shall be derived by applying the 4-tap filter to the nearest integer position samples and clipping the filtered value: 

Bba0,0 = ( -2*B0,-1 + 63*B0,0 + 4*B0,1 – B0,2 + offset1 ) >> shift1
(8‑126)
baca0,0 = ( -4*B0,-1 + 57*B0,0 + 12*B0,1 – B0,2 + offset1 ) >> shift1
(8‑126)
cada0,0 = ( -5*B0,-1 + 50*B0,0 + 22*B0,1 – 3*B0,2 + offset1 ) >> shift1
(8‑126)
daea0,0 = ( -5*B0,-1 + 41*B0,0 + 32*B0,1 – 4*B0,2 + offset1 ) >> shift1
(8‑126)
eafa0,0 = ( -4*B0,-1 + 32*B0,0 + 41*B0,1 – 5*B0,2 + offset1 ) >> shift1
(8‑126)
faga0,0 = ( -3*B0,-1 + 22*B0,0 + 50*B0,1 – 5*B0,2 + offset1 ) >> shift1
(8‑126)
gaha0,0 = ( -B0,-1 + 12*B0,0 + 57*B0,1 – 4*B0,2 + offset1 ) >> shift1
(8‑126)
haB0,0 = ( -B0,-1 + 4*B0,0 + 63*B0,1 – 2*B0,2 + offset1 ) >> shift1
(8‑126)
–
The samples labelled Xb0,0, Xc0,0, Xd0,0, Xe0,0, Xf0,0, Xg0,0 and Xh0,0 for X being replaced by b, c, d, e, f, g and h, respectively, shall be derived by first calculating intermediate values denoted as bai,0, cai,0, dai,0, eai,0, fai,0, gai,0 and hai,0 where i = -1..2 by applying the 4-tap filter to the nearest integer position samples in vertical direction: [Ed: (WJ) horizontal first yields the same result]

bai,0 =  -3*B0,-1 + 60*B0,0 + 8*B0,1 – B0,2 

(8‑133)
cai,0 =  -4*B0,-1 + 54*B0,0 + 16*B0,1 – 2*B0,2 

(8‑134)

dai,0 =  -5*B0,-1 + 46*B0,0 + 27*B0,1 – 4*B0,2 

(8‑135)

eai,0 =  -4*B0,-1 + 36*B0,0 + 36*B0,1 – 4*B0,2 

(8‑136)

fai,0 =  -4*B0,-1 + 27*B0,0 + 46*B0,1 – 5*B0,2 

(8‑137)

gai,0 =  -2*B0,-1 + 16*B0,0 + 54*B0,1 – 4*B0,2 

(8‑138)

hai,0 =  -B0,-1 + 8*B0,0 + 60*B0,1 – 3*B0,2 

(8‑139)
–
If 1/8pel_active_flag is equal to 1, the samples labelled Babbabb0,0 to hhhaahB0,0 shall be derived by first calculating intermediate values denoted as Bbai,0 to haBi,0 where i = -1..2 by applying the 4-tap filter to the nearest integer position samples in vertical direction:  

Bbai,0 = ( -2*Bi,-1 + 63*Bi,0 + 4*Bi,1 – Bi,2 + offset1 ) >> shift1
(8‑126)
Bacai,0 = ( -4*Bi,-1 + 57*Bi,0 + 12*Bi,1 – Bi,2 + offset1 ) >> shift1
(8‑126)
cadai,0 = ( -5*Bi,-1 + 50*Bi,0 + 22*Bi,1 – 3*Bi,2 + offset1 ) >> shift1
(8‑126)
daeai,0 = ( -5*Bi,-1 + 41*Bi,0 + 32*Bi,1 – 4*Bi,2 + offset1 ) >> shift1
(8‑126)
eafai,0 = ( -4*Bi,-1 + 32*Bi,0 + 41*Bi,1 – 5*Bi,2 + offset1 ) >> shift1
(8‑126)
fagai,0 = ( -3*Bi,-1 + 22*Bi,0 + 50*Bi,1 – 5*Bi,2 + offset1 ) >> shift1
(8‑126)
gahai,0 = ( -Bi,-1 + 12*Bi,0 + 57*Bi,1 – 4*Bi,2 + offset1 ) >> shift1
(8‑126)
haBi,0 = ( -Bi,-1 + 4*Bi,0 + 63*Bi,1 – 2*Bi,2 + offset1 ) >> shift1
(8‑126)
–
The final prediction values Xb0,0, Xc0,0, Xd0,0, Xe0,0, Xf0,0, Xg0,0 and Xh0,0 for X being replaced by b, c, d, e, f, g and h, respectively, shall be derived by applying the 4-tap filter to the intermediate values Xai,0 where i = -1..2 in horizontal direction:

Xb0,0 = ( -3*Xa-1,0 + 60*Xa0,0 + 8*Xa1,0 – Xa2,0 + offset2 ) >> shift2
(8‑140)
Xc0,0 = ( -4*Xa-1,0 + 54*Xa0,0 + 16*Xa1,0 – 2*Xa2,0 + offset2 ) >> shift2
(8‑141)

Xd0,0 = ( -5*Xa-1,0 + 46*Xa0,0 + 27*Xa1,0 – 4*Xa2,0 + offset2 ) >> shift2
(8‑142)

Xe0,0 = ( -4*Xa-1,0 + 36*Xa0,0 + 36*Xa1,0 – 4*Xa2,0 + offset2 ) >> shift2
(8‑143)

Xf0,0 = ( -4*Xa-1,0 + 27*Xa0,0 + 46*Xa1,0 – 5*Xa2,0 + offset2 ) >> shift2
(8‑144)

Xg0,0 = ( -2*Xa-1,0 + 16*Xa0,0 + 54*Xa1,0 – 4*Xa2,0 + offset2 ) >> shift2
(8‑145)

Xh0,0 = ( -Xa-1,0 + 8*Xa0,0 + 60*Xa1,0 – 3*Xa2,0 + offset2 ) >> shift2
(8‑146)
–
If 1/8pel_active_flag is equal to 1, the final prediction values XaXbYaYb0,0 to XhXaYhYa0,0 for X being replaced by a, b, c, d, e, f, g and h, respectively, and for Y being replaced by b, c, d, e, f, g, h and a, respectively, shall be derived by applying the 4-tap filter to the intermediate values XaYai,0 where i = -1..2 in horizontal direction:
XaXbYaYb0,0 = ( -2*XaYa-1,0 + 63*XaYa0,0 + 4*XaYa1,0 – XaYa2,0 + offset2 ) >> shift2
XbYb0,0 = ( -3*XaYa-1,0 + 60*XaYa0,0 + 8*XaYa1,0 – XaYa2,0 + offset2 ) >> shift2
XbXcYbYc0,0 = ( -4*XaYa-1,0 + 57*XaYa0,0 + 12*XaYa1,0 – XaYa2,0 + offset2 ) >> shift2
XcYc0,0 = ( -4*XaYa-1,0 + 54*XaYa0,0 + 16*XaYa1,0 – 2*XaYa2,0 + offset2 ) >> shift2
XcXdYcYd0,0 = ( -5*XaYa-1,0 + 50*XaYa0,0 + 22*XaYa1,0 – 3*XaYa2,0 + offset2 ) >> shift2
XdYd0,0 = ( -5*XaYa-1,0 + 46*XaYa0,0 + 27*XaYa1,0 – 4*XaYa2,0 + offset2 ) >> shift2
XdXeYdYe0,0 = ( -5*XaYa-1,0 + 41*XaYa0,0 + 32*XaYa1,0 – 4*XaYa2,0 + offset2 ) >> shift2
XeYe0,0 = ( -4*XaYa-1,0 + 36*XaYa0,0 + 36*XaYa1,0 – 4*XaYa2,0 + offset2 ) >> shift2
XeXfYeYf0,0 = ( -4*XaYa-1,0 + 32*XaYa0,0 + 41*XaYa1,0 – 5*XaYa2,0 + offset2 ) >> shift2
XfYf0,0 = ( -4*XaYa-1,0 + 27*XaYa0,0 + 46*XaYa1,0 – 5*XaYa2,0 + offset2 ) >> shift2
XfXgYfYg0,0 = ( -3*XaYa-1,0 + 22*XaYa0,0 + 50*XaYa1,0 – 5*XaYa2,0 + offset2 ) >> shift2
XgYg0,0 = ( -2*XaYa-1,0 + 16*XaYa0,0 + 54*XaYa1,0 – 4*XaYa2,0 + offset2 ) >> shift2
XgXhYgYh0,0 = ( -XaYa-1,0 + 12*XaYa0,0 + 57*XaYa1,0 – 4*XaYa2,0 + offset2 ) >> shift2
XhYh0,0 = ( -XaYa-1,0 + 8*XaYa0,0 + 60*XaYa1,0 – 3*XaYa2,0 + offset2 ) >> shift2
XhXaYhYa0,0 = ( -XaYa-1,0 + 4*XaYa0,0 + 63*XaYa1,0 – 2*XaYa2,0 + offset2 ) >> shift2
The positions labelled with lower-case letters within un-shaded blocks represent chroma samples at eighth-pel sample fractional locations. The chroma location offset in fractional-sample units ( xFracC, yFracC ) specifies which of the generated chroma samples at full-sample and fractional-sample locations is assigned to the predicted chroma sample value predSampleLXC[ xC, yC ]. This assignment is done according to Table 8‑10. The value of predSampleLXC[ xC, yC ] shall be the output.

Table 8‑12 – Assignment of the chroma prediction sample predSampleLXC[ xC, yC ] for ( X, Y ) being replaced by ( 1, b ), ( 2, c ), ( 3, d ), ( 4, e ), ( 5, f ), ( 6, g ), and ( 7, h ), respectively
	xFracC
	0
	0
	0
	0
	0
	0
	0
	0
	X
	X
	X
	X
	X
	X
	X
	X

	yFracC
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXC[ xC, yC ]
	B << shift3
	ba
	ca
	da
	ea
	fa
	ga
	ha
	aY
	bY
	cY
	dY
	eY
	fY
	gY
	hY


– If 1/8pel_active_flag is equal to 1, the positions labelled with lower-case letters within un-shaded blocks represent chroma samples at sixteenth-pel sample fractional locations. The chroma location offset in fractional-sample units ( xFracC, yFracC ) specifies which of the generated chroma samples at full-sample and fractional-sample locations is assigned to the predicted chroma sample value predSampleLXC[ xC, yC ]. This assignment is done according to Table 8‑x. The value of predSampleLXC[ xC, yC ] shall be the output.

Table 8‑x – Assignment of the chroma prediction sample predSampleLXC[ xC, yC ] for ( X, Y ) being replaced by ( 1, b ), ( 2, c ), ( 3, d ), ( 4, e ), ( 5, f ), ( 6, g ), and ( 7, h ), respectively
	xFracC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	yFracC
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	predSampleLXC[ xC, yC ]
	B << shift3
	Bba
	ba
	baca
	ca
	cada
	da
	daea
	ea
	eafa
	fa
	faga
	ga
	gaha
	ha
	haB


Table 8‑x – Assignment of the chroma prediction sample predSampleLXC[ xC, yC ] for ( X, Y , Z ) being replaced by ( 1, a , b ), ( 3, b , c ), ( 5, c , d ), ( 7, d , e ), ( 9, e , f ), ( 11, f , g ), ( 13, g , h ) and ( 15, h , a ) , respectively
	xFracC
	X
	X
	X
	X
	X
	X
	X
	X

	yFracC
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXC[ xC, yC ]
	aYaZ
	aYaZbYbZ
	bYbZ
	bYbZcYcZ
	cYcZ
	cYcZdYdZ
	dYdZ
	dYdZeYeZ


	xFracC
	X
	X
	X
	X
	X
	X
	X
	X

	yFracC
	8
	9
	10
	11
	12
	13
	14
	15

	predSampleLXC[ xC, yC ]
	eYeZ
	eYeZfYfZ
	fYfZ
	fYfZgYgZ
	gYgZ
	gYgZhYhZ
	hYhZ
	hYhZaYaZ


Table 8‑x – Assignment of the chroma prediction sample predSampleLXC[ xC, yC ] for ( X, Y ) being replaced by ( 2, b ), ( 4, c ), ( 6, d ), ( 8, e ), ( 10, f ), ( 12, g ) and ( 14, h ) , respectively
	xFracC
	X
	X
	X
	X
	X
	X
	X
	X

	yFracC
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXC[ xC, yC ]
	aY
	aYbY
	bY
	bYcY
	cY
	cYdY
	dY
	dYeYe


	xFracC
	X
	X
	X
	X
	X
	X
	X
	X

	yFracC
	8
	9
	10
	11
	12
	13
	14
	15

	predSampleLXC[ xC, yC ]
	eY
	eYfY
	fY
	fYgY
	gY
	gYhY
	hY
	hYaY


8.6.1.3
Derivation process of boundary filtering strength

Inputs of this process are:

–
a luma location ( xC, yC ) specifying the top-left luma sample of the current coding unit relative to the top-left luma sample of the current picture, 

–
a variable log2CUSize specifying the size of the current coding unit,

–
a two-dimensional arrays of size (nS)x(nS), horEdgeFlags and verEdgeFlags.

Output of this process is an array of size (2)x(nS)x(nS), bS specifying the boundary filtering strength.

Let ( xEk, yEj ) with k = 0..nE-1 and j = 0..nE-1 specify a set of edge sample locations where nE is set equal to ( ( 1 << log2CUSize ) >> 2 ), xE0 = 0, yE0 = 0, xEk+1 = xEk + 4 and yEj+1 = yEj + 4.

For ( xEk, yEj ) with k = 0..nE-1 and j = 0..nE-1, the following applies.

· If horEdgeFlags[ xEk ][ yEj ] is equal to 1,

· Set sample p0 = recPicture[ xC + xEk ][ yC + yEj – 1 ] and q0 = recPicture[ xC + xEk ][ yC + yEj ].

· The variable filterDir is set equal to 1.

· Otherwise, if verEdgeFlags[ xEk ][ yEj ] is equal to 1,

· Set sample p0 = recPicture[ xC + xEk – 1 ][ yC + yEj ] and q0 = recPicture[ xC + xEk ][ yC + yEj ].

· The variable filterDir is set equal to 0.

· Depending on the value of filterDir, the variable bS[ filterDir ][ xEk ][ yEj ] is derived as follows.

· If the block edge is also a coding unit edge and the following condition is true, the variable bS[ 0 ][ xEk ][ yEj ] is set equal to 4.

· The sample p0 or q0 is in a coding unit coded with intra prediction mode

· Otherwise, if the following condition is true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 3.

· The sample p0 or q0 is in a coding unit coded with intra prediction mode

· Otherwise, if the following condition is true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 2.

· The sample p0 or q0 is in a transform unit which contains non-zero transform coefficient level.

· Otherwise, if any of the following conditions are true, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 1.

· The prediction unit containing sample p0 has different reference pictures or a different number of motion vectors with the prediction unit containing the sample q0.

NOTE – The determination of whether the reference pictures used for the two prediction are the same or different is based on which pictures are referenced, without regard to whether a prediction is formed using an index into list 0 or an index into list 1, and also without regard to whether or not the index position within a reference picture list is different or not.

· One motion vector is used to predict the prediction unit containing sample p0, one motion vector is used to predict the prediction unit containing sample q0, and the absolute difference between the horizontal or vertical component of the motion vector used is greater than or equal to (4<<1/8pel_active_flag) 4 in units of quarter luma samples.

· [Ed.: (WJ) needs to be checked again whether this condition covers all 2-motion cases] Two motion vectors are used to predict the prediction unit containing sample p0, two motion vectors are used to predict the prediction unit containing sample q0, and at least one of the motion vector pairs corresponding the same reference pictures and the different boundary samples p0 and q0 satisfies the following condition:

2. The absolute difference between the horizontal or vertical component of a motion vector used in the prediction of the two prediction units is greater than or equal to (4<<1/8pel_active_flag) 4 in units of quarter luma samples.

· Otherwise, the variable bS[ filterDir ][ xEk ][ yEj ] is set equal to 0.
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