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Abstract

The document reports evaluation results of the HM2.0 merge mode. Results reveal that the temporal MVP in the merge MVP list and the partial CU merge mode actually lead to coding loss. The loss caused by the temporal MVP and partial merge mode is 0.0% (HE-RA), 0.2% (LC-RA), 0.1% (HE-LD), 0.4% (LC-LD) for temporal MVP, and 0.5% (HE-RA), 0.7% (LC-RA), 0.2% (HE-LD), 0.4% (LC-LD), respectively. It is recommended to remove the temporal MVP from the merge mode MVP list for error resiliency enhancement and merge MVP list pruning complexity reduction, and add a high-level partial CU merge disabled flag to allow encoder to disable the partial CU merge mode based on design choices.

1 Introduction
In HM2.0 the original merge mode in HM1.0 is combined with direct mode, and is extended to PU-level, the direct mode is removed because it is functionally overlapped with the newly defined merge mode. In addition, the partial CU merge mode [2] is added to the HM2.0. The document reports evaluation results of the HM2.0 merge mode. 
2 Algorithm description
2.1 HM2.0 merge mode

As shown in Figure 1 (a), in the HM2.0 the merge mode a PU first constructs a MVP list from four neighbouring PUs (left, upper, upper-right and left-down) and a co-located temporal PU, the MVP list is pruned to remove duplicated MVPs.  If merge mode is chosen, a MVP index is transmitted to signal which MVP is used in the prediction and the prediction direction for the current PU is inherited from the chosen MVP. 
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            (a) Vertical partial merging                   (b) Horizontal partial merging
Figure 1 CU Partial merging (figure from [2])
2.2 HM2.0 partial CU merge mode

As shown in Figure 1 (a) and (b), in the HM2.0 the partial merge mode the first PU of a CU of size larger than 8x8 is forced to use the merge mode if it uses 2NxN or Nx2N prediction mode. This forced merge mode could cause video quality issue and impose unnecessary encoder design burden.

1. The current CU may have totally different motion from its spatial and temporal neighbours; the forced merge could cause visual quality degradation and coding artefacts. 

2. For pipelined hardware architecture in which an encoder design may choose to estimate the motion vectors for CUs in parallel, this forced merge mode causes design burden due to its irregularity.
3. An encoder may choose to support CU size only down to 16x16, the partial CU merge mode essentially disables 2NxN, Nx2N motion vector partitions if the partial merge mode cannot be implemented on the encoder side due to architecture constraints.

3 Test Settings and Conditions
To understand the HM2.0 merge mode, the following tests listed in Table 1 are carried out:
	Settings
	Objective

	Disable merge mode but still encode merge flag in HM2.0 
	Evaluate the total coding gain of the HM2.0 merge mode 

	Disable merge mode but skip merge flag coding in HM2.0
	Evaluate the merge flag coding overhead of the HM2.0 merge mode

	Remove temporal MVP from the merge MVP list
	Evaluate coding gain of PU-level adaptive temporal and spatial merge (or direct) mode

	Disable partial CU merge  mode in HM2.0
	Evaluate coding gain of the partial CU merge mode


Table 1: Test settings and objectives

The simulations of this document have used HM2.0 software, the simulation platform is LSF equipped with Intel(R) Xeon(R) CPU X5570@2.93GHz 64 bits Linux machines, the common test conditions and reference configurations specified in [1] are followed.
4 Experimental Results

A summery of test results is provided in Table 2. The main observations are:
· The HM2.0 merge mode provides on average 3.0% to 6.1% coding gain

· The overhead of coding merge mode flag is around 0.2% to 0.9% 

· PU-level adaptive temporal/spatial merge (“direct”) mode is not effective, adding the temporal MVP to the merge MVP list slightly decreases quality (0.0% to 0.4%)
· Disabling the partial CU merge mode leads to 0.2% to 0.7% gain  

	Settings
	Random access (%)
	Random access LoCo (%)
	Low delay (%)
	Low delay LoCo (%)

	Disable merge mode in HM2.0 
	3.0
	3.5
	4.5
	6.1

	Disable merge mode and skip merge flag coding in HM2.0
	2.8
	2.8
	4.2
	5.0

	Remove temporal MVP from the merge MVP list
	0.0
	-0.2
	-0.1
	-0.4

	Disable partial CU merge  mode in HM2.0
	-0.5
	-0.7
	-0.2
	-0.4




 

  Table 2: Summary of testing results

The detailed results of four settings are provided in Table 3 to Table 6.

	 
	 

Random access
	 

Random access LoCo

 

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

	Class A
	2.5 
	1.3 
	1.4 
	3.3 
	1.6 
	1.7 

	Class B
	3.8 
	1.5 
	1.5 
	4.3 
	2.2 
	1.9 

	Class C
	2.9 
	2.3 
	2.4 
	3.2 
	2.5 
	2.4 

	Class D
	2.6 
	1.5 
	1.7 
	3.0 
	1.7 
	1.9 

	Class E
	 
	 
	 
	 
	 
	 

	All
	3.0 
	1.7 
	1.7 
	3.5 
	2.0 
	2.0 

	Enc Time[%]
	103%
	114%

	Dec Time[%]
	97%
	96%

	 
	Low delay
	Low delay LoCo

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

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	5.2 
	1.1 
	0.4 
	7.0 
	4.4 
	4.4 

	Class C
	3.8 
	2.2 
	2.0 
	5.0 
	4.0 
	3.7 

	Class D
	3.6 
	1.1 
	1.5 
	5.2 
	3.3 
	4.0 

	Class E
	5.1 
	1.9 
	2.7 
	7.4 
	3.9 
	5.1 

	All
	4.5 
	1.5 
	1.5 
	6.1 
	3.9 
	4.3 

	Enc Time[%]
	102%
	112%

	Dec Time[%]
	98%
	92%


Table 3: Coding loss by disabling merge mode but still encoding merge flag in HM2.0
	 
	 

Random access

 
	 

Random access LoCo

 

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

	Class A
	2.4 
	1.2 
	1.2 
	2.7 
	1.2 
	1.4 

	Class B
	3.7 
	1.5 
	1.5 
	3.7 
	1.9 
	1.7 

	Class C
	2.8 
	2.2 
	2.2 
	2.5 
	2.1 
	2.1 

	Class D
	2.3 
	1.4 
	1.6 
	2.1 
	1.1 
	1.3 

	Class E
	 
	 
	 
	 
	 
	 

	All
	2.8 
	1.6 
	1.6 
	2.8 
	1.6 
	1.6 

	Enc Time[%]
	103%
	109%

	Dec Time[%]
	104%
	89%

	 
	Low delay
	Low delay LoCo

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

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	5.1 
	1.2 
	0.5 
	6.0 
	4.0 
	4.0 

	Class C
	3.7 
	2.0 
	1.8 
	4.0 
	3.1 
	3.0 

	Class D
	3.2 
	1.0 
	1.3 
	3.9 
	2.3 
	2.8 

	Class E
	4.5 
	1.6 
	2.5 
	6.0 
	3.4 
	5.0 

	All
	4.2 
	1.4 
	1.4 
	5.0 
	3.2 
	3.6 

	Enc Time[%]
	105%
	112%

	Dec Time[%]
	100%
	92%


Table 4: Coding loss by disabling merge mode but skipping merge flag coding in HM2.0

	 
	 

Random access

 
	 

Random access LoCo

 

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

	Class A
	0.0 
	-0.1 
	-0.2 
	-0.1 
	-0.1 
	0.0 

	Class B
	0.0 
	0.0 
	0.0 
	-0.2 
	-0.2 
	-0.1 

	Class C
	-0.1 
	-0.1 
	-0.1 
	-0.2 
	-0.2 
	-0.2 

	Class D
	0.0 
	0.0 
	0.0 
	-0.2 
	-0.2 
	-0.1 

	Class E
	 
	 
	 
	 
	 
	 

	All
	0.0 
	-0.1 
	-0.1 
	-0.2 
	-0.2 
	-0.1 

	Enc Time[%]
	97%
	92%

	Dec Time[%]
	104%
	90%

	
	
	
	
	
	
	

	 
	Low delay
	Low delay LoCo

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

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0 
	-0.2 
	-0.5 
	-0.5 
	-0.5 
	-0.1 

	Class C
	0.0 
	0.1 
	-0.1 
	-0.3 
	-0.2 
	-0.4 

	Class D
	-0.3 
	-0.5 
	-0.9 
	-0.4 
	-0.5 
	-0.6 

	Class E
	-0.3 
	-1.0 
	-0.1 
	-0.4 
	-0.7 
	-0.3 

	All
	-0.1 
	-0.3 
	-0.4 
	-0.4 
	-0.4 
	-0.3 

	Enc Time[%]
	97%
	94%

	Dec Time[%]
	103%
	91%


Table 5: Coding gain by disabling temporal MVP in the merge mode of HM2.0

	 
	 

Random access

 
	 

Random access LoCo

 

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

	Class A
	-0.4 
	-0.8 
	-0.9 
	-0.7 
	-0.9 
	-0.8 

	Class B
	-0.4 
	-0.3 
	-0.4 
	-0.6 
	-0.4 
	-0.4 

	Class C
	-0.6 
	-0.6 
	-0.6 
	-0.8 
	-0.6 
	-0.7 

	Class D
	-0.5 
	-0.6 
	-0.5 
	-0.7 
	-0.7 
	-0.6 

	Class E
	 
	 
	 
	 
	 
	 

	All
	-0.5 
	-0.6 
	-0.6 
	-0.7 
	-0.6 
	-0.6 

	Enc Time[%]
	113%
	116%

	Dec Time[%]
	100%
	90%

	 
	Low delay
	Low delay LoCo

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

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.1 
	-0.1 
	-0.4 
	-0.4 
	-0.3 
	0.0 

	Class C
	-0.3 
	-0.2 
	-0.6 
	-0.6 
	-0.4 
	-0.8 

	Class D
	-0.4 
	-0.1 
	-0.8 
	-0.4 
	-0.5 
	-0.4 

	Class E
	0.0 
	-0.4 
	0.1 
	-0.2 
	-0.2 
	0.0 

	All
	-0.2 
	-0.2 
	-0.4 
	-0.4 
	-0.4 
	-0.3 

	Enc Time[%]
	116%
	115%

	Dec Time[%]
	101%
	91%


Table 6: Coding gain by disabling partial merge mode in HM2.0

Results in Table 5 are cross-checked by JCTVC-E148, and results in Table 6 are cross-checked by JCTVC-E146.
5 Conclusions 
In this document the HM2.0 merge mode is evaluated. Based on the evaluation results it is recommended 

1. remove the temporal MVP from the merge MVP list to enhance error resiliency and reduce pruning complexity of the merge MVP list, and to improve coding efficiency
2. and add a high-level disabled flag to disable the partial CU merge mode to provide encoder with design choice

6 Changes in syntax and semantics

6.1.1.1 Sequence Parameter Set

Syntax added to the Sequence Parameter Set to support the partial mode disabled mode is shown in table below. 

	seq_parameter_set_rbsp( ) {
	Descriptor

	
profile_idc
	u(8)

	
reserved_zero_8bits  /* equal to 0 */
	u(8)

	
level_idc
	u(8)

	
seq_parameter_set_id
	ue(v)

	
pic_width_in_luma_samples
	u(16)

	
pic_height_in_luma_samples
	u(16)

	
bit_depth_luma_minus8
	ue(v)

	
bit_depth_chroma_minus8
	ue(v)

	
log2_max_frame_num_minus4
	ue(v)

	
pic_order_cnt_type
	ue(v)

	
if( pic_order_cnt_type  = =  0 )
	

	

log2_max_pic_order_cnt_lsb_minus4
	ue(v)

	
else if( pic_order_cnt_type  = =  1 ) {
	

	

delta_pic_order_always_zero_flag
	u(1)

	

offset_for_non_ref_pic
	se(v)

	

num_ref_frames_in_pic_order_cnt_cycle
	ue(v)

	

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

	


offset_for_ref_frame[ i ]
	se(v)

	
}
	

	
max_num_ref_frames
	ue(v)

	
gaps_in_frame_num_value_allowed_flag
	u(1)

	
log2_min_coding_block_size_minus3
	ue(v)

	
log2_diff_max_min_coding_block_size
	ue(v)

	
log2_min_transform_block_size_minus2
	ue(v)

	
log2_diff_max_min_transform_block_size
	ue(v)

	
max_transform_hierarchy_depth_inter
	ue(v)

	
max_transform_hierarchy_depth_intra
	ue(v)

	
adaptive_loop_filter_enabled_flag
	u(1)

	
cu_qp_delta_enabled_flag
	u(1)

	   partial_motion_vector_merge_enabled_flag
	u(1)

	
rbsp_trailing_bits( )
	

	}
	


Table 7. Partial CU merge disabled flag in the sequence parameter set highlighted in yellow.
6.1.2 Coding unit syntax
Syntax added to coding unit  to support the partial mode disabled mode is shown in table below. 

	coding_unit( x0, y0, log2CUSize ) {
	Descriptor

	
if( slice_type  !=  I )
	

	

skip_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	
if( skip_flag[ x0 ][ y0 ] )
	

	

prediction_unit( x0, y0, log2CUSize, log2CUSize, 0 , 0 )
	

	
else {
	

	

if( cu_qp_delta_enabled_flag && !IsCuQpDeltaCoded ) {
	

	


cu_qp_delta
	se(v) | ae(v)

	


IsCuQpDeltaCoded = 1
	

	

}
	

	

if( slice_type  != I  | |  log2CUSize  = =  Log2MinCUSize )
	

	


pred_type
	u(v) | ae(v)

	

x1 = x0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

y1 = y0 + ( ( 1 << log2CUSize ) >> 1 )
	

	

if( PartMode == PART_2Nx2N ) {
	

	


prediction_unit( x0, y0, log2CUSize, log2CUSize, 0 , 0 )
	

	

} else if( PartMode == PART_2NxN ) {
	

	


prediction_unit( x0, y0, log2CUSize, log2CUSize – 1, 0 , 









partial_motion_vector_merge_enabled_flag&&   (log2CUSize > Log2MinCUSize) )
	

	


prediction_unit( x0, y1, log2CUSize, log2CUSize – 1, 1 , 0 )
	

	

} else if( PartMode == PART_Nx2N ) {
	

	


prediction_unit( x0, y0, log2CUSize - 1, log2CUSize, 0 , 









partial_motion_vector_merge_enabled_flag&&    (log2CUSize > Log2MinCUSize) )
	

	


prediction_unit( x1, y0, log2CUSize - 1, log2CUSize, 1 , 0 )
	

	

} else { /* PART_NxN */
	

	


prediction_unit( x0, y0, log2CUSize – 1, log2CUSize – 1, 0 , 0 )
	

	


prediction_unit( x1, y0, log2CUSize – 1, log2CUSize – 1, 1 , 0 )
	

	


prediction_unit( x0, y1, log2CUSize – 1, log2CUSize – 1, 2 , 0 )
	

	


prediction_unit( x1, y1, log2CUSize – 1, log2CUSize – 1, 3 , 0 )
	

	

}
	

	
}
	

	
transform_tree( x0, y0, log2CUSize, 0, 0 )
	

	
transform_coeff( x0, y0, log2CUSize, 0, 0 )
	

	
transform_coeff( x0, y0, log2CUSize, 0, 1 )
	

	
transform_coeff( x0, y0, log2CUSize, 0, 2 )
	

	}
	


6.1.2.1 Semantics for partial_motion_vector_merge_enabled_flag
partial_motion_vector_merge_enabled_flag equal to 0 disables the partial CU merge mode specified in xxxxx.
6.1.2.2 Text changes for removal of TMVP from merge mode in 8.4.2.1.3
Replace text of 8.4.2.1.3 with the text below for removal of TMVP from merge mode.
Derivation process for luma motion vectors for merge mode
This process is only invoked when PredMode is equal to MODE_ INTER and merge_flag [ xP ][ yP ] is equal to 1, where ( xP, yP ) specify the top-left luma sample of the current prediction unit relative to the top-left luma sample of the current picture.
Inputs of this process are

· a luma location ( xP, yP ) of the top-left luma sample of the current prediction unit relative to the top-left luma sample of the current picture,
· 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

–
the luma motion vectors mvL0 and mvL1,

–
the reference indices refIdxL0 and refIdxL1,

–
the prediction list utilization flags predFlagL0 and predFlagL1.
The motion vectors mvL0 and mvL1, the reference indices refIdxL0 and refIdxL1, and the prediction utilization flags predFlagL0 and predFlagL1 are derived as specified by the following ordered steps:
1. The derivation process for merging candidates from neighboring prediction unit partitions in subclause 8.4.2.1.4 is invoked with luma location ( xP, yP ), the width and the height of the prediction unit nPSW and nPSH and the partition index PartIdx as inputs and the output is assigned to the availability flags availableFlagN, the motion vectors mvL0N and mvL1N, the reference indices refIdxL0N and refIdxL1N and the prediction list utilization flags predFlagL0N and predFlagL1N with N being replaced by A, B, C or D.
2. The merging candidate list, mergeCandList, is constructed of which elements are given as specified order:

1. A, if availableFlagA is equal to 1
2. B, if availableFlagB is equal to 1
3. C, if availableFlagC is equal to 1
4. D, if availableFlagD is equal to 1
3. If several merging candidates have the motion vectors and the same reference indices, the merging candidates are removed from the list except the merging candidate which has the smallest order in the mergeCandList.
4. If the number of elements NumMergeCand within the mergeCandList is equal to 1, mergeIdx is set equal to 0, otherwise, mergeIdx is set equal to merge_idx[ xP][ yP ].
5. The following assignments are made with N being the candidate at position mergeIdx in the merging candidate list mergeCandList ( N = mergeCandList[ mergeIdx ] ) and X being replaced by 0 or 1:

mvLX[ 0 ] = mvLXN[ 0 ]
(8‑73)

mvLX[ 1 ] = mvLXN[ 1 ]
(8‑74)

refIdxLX = refIdxLXN
(8‑75)

predFlagLX = predFlagLXN
(8‑76)
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