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Abstract

This document summarizes the activities of CE2 related to Motion Partitioning and OBMC [1]. The description of the experiment can be found in JCTVC-E702. In this CE, five tools have been studied and evaluated: Asymmetric Motion Partitioning (AMP) [2], Non-rectangular Motion Partitioning (NRMP) [3], Overlapped Block Motion Compensation (OBMC) [4], Non-Square Quadtree Transform (NSQT) [5] and OBMC with Motion Merging [6]. 14 companies have been involved as proponent or cross-checker.
1 CE Documents
The purpose of Core Experiment 2 (CE2) is to investigate block partition issue at current HEVC coding structure. The contributions submitted for CE2 along with the corresponding cross-verification documents and related contributions are summarized as follow:.
· Summary document (this document)

· JCTVC-F022[CE coordinators] CE2: Summary report on Motion Partitioning and OBMC
· Proposals and verification documents
  Tool 1: Asymmetric Motion Partitioning (AMP)
· Proposal :
JCTVC-F379 [Samsung and HiSilicon] CE2: Test result of asymmetric motion partition (AMP)
· Tool Description: AMP consists of partitioning a square block into two non-symmetric horizontal or vertical rectangles shapes. In the current design, the square block is split using AMP in one rectangle of 3/4 of the square width or height, and another rectangle of 1/4 of the square width or height.
· Cross-check: 
JCTVC-F435 [HHI] CE2: Cross-check of Non-Square Quadtree Transform JCTVC-F410 & JCTVC-F412
   Tool 2: Non-rectangular Motion Partitioning (NRMP)
· Proposal :
JCTVC-F415 [Huawei & HiSilicon, Tsinghua, Technicolor] CE2: Non-rectangular motion partitioning
· Tool Description: NRMP enables to partition a square block into 2 regions with non-rectangular shape. Limited sets of diagonal-only partitions (45 degree or 135 degree partitioning) are used for the partitioning.
· Cross-check: 
JCTVC-F520 [Microsoft] CE2: Cross-check of non-rectangular motion partitioning (JCTVC-F415)
   Tool 3: Non-Square Quadtree Transform (NSQT)
· Proposal1 :
JCTVC-F410 [Huawei & HiSilicon, Microsoft, Tsinghua, USTC] CE2: Non-Square Quadtree Transform for symmetric partitions
· Proposal2 :
JCTVC-F412 [Huawei & HiSilicon, Microsoft, Tsinghua, USTC, Samsung] CE2: Non-Square Quadtree Transform for symmetric and asymmetric partitions
· Tool Description: NSQT applies non-square TU to symmetric partitions (2NxN and Nx2N) and asymmetric partitions. The width and height of a non-square TU is based on RQT's depth and PU type.
· Cross-check1: 
JCTVC-F435 [HHI] CE2: Cross-check of Huawei’s study on Non-Square Quadtree Transform JCTVC-F410 & JCTVC-F412
· Cross-check2: JCTVC-F579 [Motorola Mobility] Cross-check report for Huawei’s proposal on inter non-square TU technique by Motorola Mobility
   Tool 4: OBMC with Motion Merging
· Proposal1 :
JCTVC-F049 [NCTU/ITRI)] CE2: Report of OBMC with Motion Merging
· Tool Description: This technique performs OBMC for a 2Nx2N PU based on two sets of motion parameters, one is derived from motion merging with a reduced candidate set containing only Left, Above and Co-located merge candidates and the other is signaled in prediction_unit syntax for the current PU. Two predictors are created from these motion parameters and combined linearly using an adaptive OBMC window function to form a prediction block.
· Cross-check: 
JCTVC-F515 [Intel] CE2: Cross verification results of NCTU’s OMBC with motion merging (JCTVC-F049) by Intel
· Proposal2:    JCTVC-F687 [NCTU/ITRI] CE2: Report on the Combination of OBMC with Motion Merging and Non-Square Quadtree Transform
· Tool Description: Combination of OBMC with Motion Merging and NSQT. Additionally, NSQT is enabled for symmetric partitions.
· Cross-check:  JCTVC-F704 [Intel] CE2: Cross verification of JCTVC-F687
   Tool 5: OBMC 
· Proposal1 :
JCTVC-F299 [Qualcomm] CE2: Overlapped Block Motion Compensation for 2NxN and Nx2N Motion Partitions 
· Tool Description: OBMC is applied to 2NxN and Nx2N motion partitions. If a CU is partitioned into 2 2NxN or Nx2N PUs, OBMC is applied to the horizontal boundary of the two 2NxN prediction blocks, and the vertical boundary of the two Nx2N prediction blocks.
· Cross-check:  JCTVC-F385 [Samsung] CE2: Cross-check report for Qualcomm's OBMC for 2NxN and Nx2N motion partitions (JCTVC-F299)
· Proposal2:    JCTVC-F582 [Qualcomm, Tsinghua, Huawei] CE2: Asymmetric Motion Partition, Non-Square Quadtree Transform and Overlapped Block Motion Compensation
· Tool Description: Tools combination of AMP, NSQT for 2NxN, Nx2N and asymmetric partitions and OBMC for 2NxN, Nx2N and asymmetric partitions.
· Cross-check:  JCTVC-F642 [Samsung] CE2: Cross-check report for a combination of AMP, NSQT and OBMC (JCTVC-F582)
2 Summary of Results 

Test conditions as specified in JCTVC-E700 were used [7]. The results for each tools is summarized as follow:
2.1 Asymmetric Motion Partitioning (AMP) with out encoding speed-up

	　
	Random access HE
	Random access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.9 
	-1.2 
	-0.9 
	-0.7 
	-0.7 
	-0.5 

	Class B
	-0.9 
	-1.0 
	-1.0 
	-0.7 
	-0.7 
	-0.6 

	Class C
	-0.9 
	-1.0 
	-1.1 
	-0.7 
	-0.9 
	-0.9 

	Class D
	-0.8 
	-1.0 
	-0.9 
	-0.5 
	-0.7 
	-0.6 

	Class E
	　
	　
	　
	　
	　
	　

	Overall
	-0.9 
	-1.0 
	-1.0 
	-0.7 
	-0.7 
	-0.7 

	Enc Time[%]
	144%
	151%

	Dec Time[%]
	99%
	99%

	
	
	
	
	
	
	

	　
	Low delay (B) HE
	Low delay (B) LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-1.1 
	-1.5 
	-1.5 
	-0.9 
	-0.8 
	-0.6 

	Class C
	-1.0 
	-1.2 
	-1.3 
	-0.7 
	-0.6 
	-0.7 

	Class D
	-1.1 
	-1.3 
	-1.5 
	-0.6 
	-0.5 
	-0.9 

	Class E
	-2.3 
	-2.2 
	-2.4 
	-1.7 
	-1.1 
	-1.3 

	Overall
	-1.3 
	-1.5 
	-1.6 
	-0.9 
	-0.7 
	-0.8 

	Enc Time[%]
	144%
	150%

	Dec Time[%]
	99%
	99%


2.2 Asymmetric Motion Partitioning (AMP) with encoding speed-up

	　
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.5 
	-0.8 
	-0.5 
	-0.4 
	-0.6 
	-0.2 

	Class B
	-0.5 
	-0.8 
	-0.7 
	-0.4 
	-0.5 
	-0.5 

	Class C
	-0.6 
	-0.8 
	-0.8 
	-0.5 
	-0.6 
	-0.7 

	Class D
	-0.5 
	-0.9 
	-0.8 
	-0.4 
	-0.5 
	-0.6 

	Class E
	　
	　
	　
	　
	　
	　

	Overall
	-0.5 
	-0.8 
	-0.7 
	-0.4 
	-0.6 
	-0.5 

	Enc Time[%]
	112%
	112%

	Dec Time[%]
	99%
	98%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.7 
	-1.1 
	-1.2 
	-0.5 
	-0.4 
	-0.3 

	Class C
	-0.7 
	-1.0 
	-0.9 
	-0.4 
	-0.4 
	-0.7 

	Class D
	-0.7 
	-1.2 
	-0.8 
	-0.5 
	-0.7 
	-0.2 

	Class E
	-1.5 
	-1.9 
	-1.7 
	-1.0 
	-1.0 
	-0.9 

	Overall
	-0.8 
	-1.2 
	-1.1 
	-0.6 
	-0.6 
	-0.5 

	Enc Time[%]
	111%
	111%

	Dec Time[%]
	100%
	99%


2.3 Non-rectangular Motion Partitioning (NRMP)
	        　
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.3 
	-0.9 
	-0.8 
	-0.4 
	-0.8 
	-0.6 

	Class B
	-0.3 
	-0.8 
	-0.8 
	-0.4 
	-0.5 
	-0.5 

	Class C
	-0.9 
	-1.5 
	-1.6 
	-1.0 
	-1.5 
	-1.6 

	Class D
	-1.2 
	-1.8 
	-1.9 
	-1.3 
	-1.9 
	-1.9 

	Class E
	　
	　
	　
	　
	　
	　

	Overall
	-0.7 
	-1.2 
	-1.2 
	-0.8 
	-1.1 
	-1.1 

	Enc Time[%]
	119%
	122%

	Dec Time[%]
	109%
	111%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.4 
	-0.6 
	-0.8 
	-0.4 
	-0.6 
	-0.6 

	Class C
	-1.1 
	-1.6 
	-1.5 
	-1.1 
	-1.4 
	-1.5 

	Class D
	-1.4 
	-2.1 
	-1.4 
	-1.4 
	-1.7 
	-2.0 

	Class E
	-0.4 
	-0.3 
	-0.5 
	-0.4 
	-0.4 
	-0.5 

	Overall
	-0.8 
	-1.1 
	-1.1 
	-0.8 
	-1.0 
	-1.2 

	Enc Time[%]
	117%
	120%

	Dec Time[%]
	111%
	111%


2.4 Non-Square Quadtree Transform (NSQT) for symmetric partitions
	　
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.2 
	-0.6 
	-0.5 
	-0.2 
	-0.5 
	-0.3 

	Class B
	-0.2 
	-1.4 
	-1.1 
	-0.5 
	-1.2 
	-0.9 

	Class C
	-0.2 
	-0.5 
	-0.5 
	-0.4 
	-0.6 
	-0.5 

	Class D
	-0.2 
	-0.5 
	-0.4 
	-0.4 
	-0.2 
	-0.1 

	Class E
	　
	　
	　
	　
	　
	　

	Overall
	-0.2 
	-0.8 
	-0.7 
	-0.4 
	-0.7 
	-0.5 

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.7 
	-3.5 
	-3.1 
	-1.3 
	-3.0 
	-2.9 

	Class C
	-0.7 
	-2.0 
	-2.0 
	-1.2 
	-1.6 
	-1.5 

	Class D
	-0.8 
	-1.8 
	-1.5 
	-1.2 
	-1.1 
	-0.7 

	Class E
	-1.4 
	-2.5 
	-3.0 
	-2.8 
	-2.3 
	-2.9 

	Overall
	-0.9 
	-2.5 
	-2.4 
	-1.6 
	-2.0 
	-2.0 

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	

	　
	Low delay P HE
	Low delay P LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-0.6 
	-3.8 
	-3.7 
	-1.1 
	-2.3 
	-2.0 

	Class C
	-0.8 
	-2.3 
	-2.3 
	-1.2 
	-1.5 
	-1.2 

	Class D
	-0.9 
	-2.1 
	-1.6 
	-1.3 
	-0.9 
	-0.3 

	Class E
	-1.6 
	-2.8 
	-3.9 
	-2.7 
	-2.1 
	-2.7 

	Overall
	-0.9 
	-2.8 
	-2.9 
	-1.5 
	-1.8 
	-1.5 

	Enc Time[%]
	102%
	103%

	Dec Time[%]
	99%
	101%


2.5 AMP + NSQT for asymmetric partitions

	　
	      Random access HE
	     Random access LC

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

	Class A
	-0.6 
	-1.3 
	-1.3 
	-0.6 
	-1.0 
	-0.8 

	Class B
	-0.7 
	-2.1 
	-1.9 
	-0.9 
	-1.8 
	-1.6 

	Class C
	-0.8 
	-1.5 
	-1.5 
	-0.9 
	-1.3 
	-1.2 

	Class D
	-0.7 
	-1.4 
	-1.4 
	-0.7 
	-1.0 
	-1.0 

	Class E
	　
	　
	　
	　
	　
	　

	All
	-0.7 
	-1.6 
	-1.6 
	-0.8 
	-1.3 
	-1.2 

	Enc Time[%]
	112%
	113%

	Dec Time[%]
	100%
	101%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

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

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-1.2 
	-4.4 
	-4.4 
	-1.6 
	-3.2 
	-3.0 

	Class C
	-1.3 
	-3.4 
	-3.4 
	-1.4 
	-2.2 
	-2.2 

	Class D
	-1.5 
	-3.3 
	-3.0 
	-1.4 
	-1.4 
	-1.5 

	Class E
	-2.6 
	-3.9 
	-4.1 
	-3.1 
	-2.1 
	-2.8 

	All
	-1.6 
	-3.8 
	-3.7 
	-1.8 
	-2.3 
	-2.4 

	Enc Time[%]
	111%
	112%

	Dec Time[%]
	101%
	101%


2.6 AMP + NSQT for symmetric and asymmetric partitions

	　
	     Random access HE
	      Random access LC

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

	Class A
	-0.7 
	-1.5 
	-1.3 
	-0.6 
	-1.2 
	-1.0 

	Class B
	-0.8 
	-2.4 
	-2.1 
	-1.0 
	-1.9 
	-1.7 

	Class C
	-0.9 
	-1.6 
	-1.6 
	-1.0 
	-1.4 
	-1.3 

	Class D
	-0.8 
	-1.5 
	-1.4 
	-0.8 
	-0.9 
	-0.8 

	Class E
	　
	　
	　
	　
	　
	　

	All
	-0.8 
	-1.8 
	-1.6 
	-0.9 
	-1.4 
	-1.2 

	Enc Time[%]
	114%
	114%

	Dec Time[%]
	100%
	101%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

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

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-1.5 
	-4.7 
	-5.0 
	-1.9 
	-3.4 
	-3.4 

	Class C
	-1.5 
	-3.4 
	-3.6 
	-1.8 
	-2.3 
	-2.3 

	Class D
	-1.7 
	-3.4 
	-2.8 
	-1.9 
	-1.7 
	-1.3 

	Class E
	-3.1 
	-4.3 
	-4.8 
	-4.0 
	-2.3 
	-3.2 

	All
	-1.9 
	-4.0 
	-4.1 
	-2.3 
	-2.5 
	-2.6 

	Enc Time[%]
	113%
	113%

	Dec Time[%]
	101%
	102%


	2.7 OBMC with Motion Merging
　
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-1.3 
	-2.5 
	-2.5 
	-1.2 
	-1.2 
	-1.4 

	Class B
	-1.2 
	-2.1 
	-2.0 
	-1.1 
	-1.7 
	-1.8 

	Class C
	-1.7 
	-2.5 
	-2.7 
	-1.5 
	-2.3 
	-2.4 

	Class D
	-1.7 
	-2.3 
	-2.5 
	-1.4 
	-2.1 
	-2.1 

	Class E
	　
	　
	　
	　
	　
	　

	Overall
	-1.5 
	-2.4 
	-2.4 
	-1.3 
	-1.8 
	-1.9 

	Enc Time[%]
	122%
	122%

	Dec Time[%]
	104%
	107%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-1.3 
	-2.4 
	-2.3 
	-1.8 
	-2.4 
	-2.6 

	Class C
	-1.9 
	-2.6 
	-2.7 
	-2.1 
	-2.5 
	-2.8 

	Class D
	-2.0 
	-2.7 
	-2.7 
	-2.2 
	-3.0 
	-3.0 

	Class E
	-2.0 
	-2.3 
	-2.7 
	-3.0 
	-3.5 
	-4.2 

	Overall
	-1.8 
	-2.5 
	-2.6 
	-2.2 
	-2.8 
	-3.0 

	Enc Time[%]
	128%
	127%

	Dec Time[%]
	100%
	103%


2.8 OBMC for 2NxN and Nx2N motion partitions

	 
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.4
	-1.0
	-1.0
	-0.5
	-0.6
	-0.4

	Class B
	-0.5
	-0.8
	-0.6
	-0.5
	-0.6
	-0.6

	Class C
	-0.7
	-1.0
	-1.1
	-0.6
	-1.0
	-1.1

	Class D
	-0.7
	-1.0
	-1.0
	-0.5
	-0.9
	-0.8

	Class E
	 
	 
	 
	 
	 
	 

	Overall
	-0.5
	-0.9
	-0.9
	-0.5
	-0.8
	-0.7

	Enc Time[%]
	102%
	101%

	Dec Time[%]
	101%
	103%

	
	
	
	
	
	
	

	 
	Low delay B HE
	Low delay B LC

	 
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.6
	-0.6
	-0.8
	-0.5
	-0.6
	-0.8

	Class C
	-0.9
	-1.3
	-1.4
	-0.8
	-0.9
	-1.1

	Class D
	-0.9
	-0.9
	-0.9
	-0.8
	-1.0
	-1.0

	Class E
	-1.1
	-0.9
	-1.0
	-1.1
	-0.9
	-1.2

	Overall
	-0.8
	-0.9
	-1.0
	-0.8
	-0.8
	-1.0

	Enc Time[%]
	101%
	99%

	Dec Time[%]
	103%
	103%

	
	
	
	
	
	
	

	 
	Low delay P HE
	Low delay P LC

	 
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	
	
	 

	Class B
	-1.0
	-0.9
	-1.4
	-1.3
	-1.1
	-0.7

	Class C
	-1.3
	-1.6
	-1.6
	-1.3
	-1.4
	-1.4

	Class D
	-1.8
	-1.5
	-2.0
	-1.7
	-1.5
	-1.3

	Class E
	-1.6
	-1.5
	-1.8
	-1.9
	-1.4
	-1.5

	Overall
	-1.4
	-1.4
	-1.7
	-1.5
	-1.3
	-1.2

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	101%
	105%


2.9 AMP + NSQT + OBMC

	　
	     Random access HE
	     Random access LC

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

	Class A
	-1.1 
	-2.3 
	-2.2 
	-1.3 
	-1.8 
	-1.6 

	Class B
	-1.3 
	-3.2 
	-2.9 
	-1.5 
	-2.5 
	-2.4 

	Class C
	-1.8 
	-2.6 
	-2.7 
	-1.7 
	-2.3 
	-2.4 

	Class D
	-1.6 
	-2.2 
	-2.3 
	-1.5 
	-1.7 
	-1.6 

	Class E
	　
	　
	　
	　
	　
	　

	All
	-1.4 
	-2.6 
	-2.5 
	-1.5 
	-2.1 
	-2.0 

	Enc Time[%]
	116%
	116%

	Dec Time[%]
	102%
	104%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

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

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-2.1 
	-5.6 
	-5.4 
	-2.6 
	-4.0 
	-4.1 

	Class C
	-2.6 
	-4.6 
	-4.5 
	-2.7 
	-3.2 
	-3.1 

	Class D
	-2.9 
	-3.7 
	-4.0 
	-2.7 
	-2.4 
	-2.0 

	Class E
	-4.4 
	-5.2 
	-5.7 
	-5.2 
	-3.8 
	-4.3 

	All
	-2.9 
	-4.8 
	-4.9 
	-3.1 
	-3.3 
	-3.4 

	Enc Time[%]
	115%
	114%

	Dec Time[%]
	104%
	105%


2.10 OBMC with Motion Merging + NSQT

	　
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-1.4
	-2.8
	-3.0
	-1.5
	-1.7
	-1.8

	Class B
	-1.4
	-3.4
	-3.2
	-1.6
	-2.9
	-2.8

	Class C
	-2.0
	-3.2
	-3.3
	-1.9
	-2.8
	-2.7

	Class D
	-2.0
	-2.8
	-2.7
	-1.9
	-2.2
	-2.2

	Class E
	
	
	
	
	
	

	Overall
	-1.7
	-3.1
	-3.0
	-1.7
	-2.4
	-2.4

	Enc Time[%]
	128%
	128%

	Dec Time[%]
	102%
	105%

	
	
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	　
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	-1.9
	-5.4
	-5.4
	-3.2
	-5.0
	-5.1

	Class C
	-2.8
	-4.8
	-4.7
	-3.4
	-4.2
	-4.2

	Class D
	-3.0
	-4.2
	-4.2
	-3.5
	-3.3
	-3.7

	Class E
	-3.7
	-4.9
	-5.8
	-5.8
	-5.9
	-6.6

	Overall
	-2.7
	-4.9
	-5.0
	-3.8
	-4.6
	-4.8

	Enc Time[%]
	132%
	132%

	Dec Time[%]
	102%
	104%


3 Results analysis
The following tables summarize the average BD-rate gain for Y, U, V component, encoding time and decoding time for the different tools.
                                   Random Access HE
	subtest
	Y-BD-rate [%]
	U-BD-rate [%]
	V-BD-rate [%]
	Enc Time [%]
	Dec Time [%]

	2.1 AMP without encoding speed-up
	-0.9 
	-1.0 
	-1.0 
	144%
	99%

	2.2 AMP with encoding speed-up
	-0.5 
	-0.8 
	-0.7 
	112%
	99%

	2.3 NRMP
	-0.7 
	-1.2 
	-1.2 
	119%
	109%

	2.4 NSQT for symmetric partitions
	-0.2 
	-0.8 
	-0.7 
	100%
	100%

	2.5 AMP + NSQT for asymmetric partitions
	-0.7 
	-1.6 
	-1.6 
	112%
	100%

	2.6 AMP + NSQT for symmetric and asymmetric partitions
	-0.8 
	-1.8 
	-1.6 
	114%
	100%

	2.7 OBMC with Motion Merging
	-1.5 
	-2.4 
	-2.4 
	122%
	104%

	2.8 OBMC for 2NxN and Nx2N motion partitions
	-0.5
	-0.9
	-0.9
	102%
	101%

	2.9 AMP + NSQT + OBMC
	-1.4 
	-2.6 
	-2.5 
	116%
	102%

	2.10 OBMC with Motion Merging + NSQT
	-1.7
	-3.1
	-3.0
	128%
	102%


                                   Low delay B HE
	subtest
	Y-BD-rate [%]
	U-BD-rate [%]
	V-BD-rate [%]
	Enc Time [%]
	Dec Time [%]

	2.1 AMP without encoding speed-up
	-1.3 
	-1.5 
	-1.6 
	144%
	99%

	2.2 AMP with encoding speed-up
	-0.8 
	-1.2 
	-1.1 
	111%
	100%

	2.3 NRMP
	-0.8 
	-1.1 
	-1.1 
	117%
	111%

	2.4 NSQT for symmetric partitions
	-0.9 
	-2.5 
	-2.4 
	100%
	101%

	2.5 AMP + NSQT for asymmetric partitions
	-1.6 
	-3.8 
	-3.7 
	111%
	101%

	2.6 AMP + NSQT for symmetric and asymmetric partitions
	-1.9 
	-4.0 
	-4.1 
	113%
	101%

	2.7 OBMC with Motion Merging
	-1.8 
	-2.5 
	-2.6 
	128%
	100%

	2.8 OBMC for 2NxN and Nx2N motion partitions
	-0.8
	-0.9
	-1.0
	101%
	103%

	2.9 AMP + NSQT + OBMC
	-2.9 
	-4.8 
	-4.9 
	115%
	104%

	2.10 OBMC with Motion Merging + NSQT
	-2.7
	-4.9
	-5.0
	132%
	102%


                                      Random access LC
	subtest
	Y-BD-rate [%]
	U-BD-rate [%]
	V-BD-rate [%]
	Enc Time [%]
	Dec Time [%]

	2.1 AMP without encoding speed-up
	-0.7 
	-0.7 
	-0.7 
	151%
	99%

	2.2 AMP with encoding speed-up
	-0.4 
	-0.6 
	-0.5 
	112%
	98%

	2.3 NRMP
	-0.8
	-1.1
	-1.1
	122%
	111%

	2.4 NSQT for symmetric partitions
	-0.4 
	-0.7 
	-0.5 
	101%
	101%

	2.5 AMP + NSQT for asymmetric partitions
	-0.8 
	-1.3 
	-1.2 
	113%
	101%

	2.6 AMP + NSQT for symmetric and asymmetric partitions
	-0.9 
	-1.4 
	-1.2 
	114%
	101%

	2.7 OBMC with Motion Merging
	-1.3 
	-1.8 
	-1.9 
	122%
	107%

	2.8 OBMC for 2NxN and Nx2N motion partitions
	-0.5
	-0.8
	-0.7
	101%
	103%

	2.9 AMP + NSQT + OBMC
	-1.5 
	-2.1 
	-2.0 
	116%
	104%

	2.10 OBMC with Motion Merging + NSQT
	-1.7
	-2.4
	-2.4
	128%
	105%


                                        Low delay B LC
	subtest
	Y-BD-rate [%]
	U-BD-rate [%]
	V-BD-rate [%]
	Enc Time [%]
	Dec Time [%]

	2.1 AMP without encoding speed-up
	-0.9 
	-0.7 
	-0.8 
	150%
	99%

	2.2 AMP with encoding speed-up
	-0.6 
	-0.6 
	-0.5 
	111%
	99%

	2.3 NRMP
	-0.8
	-1.0
	-1.2
	120%
	111%

	2.4 NSQT for symmetric partitions
	-1.6 
	-2.0 
	-2.0 
	101%
	102%

	2.5 AMP + NSQT for asymmetric partitions
	-1.8 
	-2.3 
	-2.4 
	112%
	101%

	2.6 AMP + NSQT for symmetric and asymmetric partitions
	-2.3 
	-2.5 
	-2.6 
	113%
	102%

	2.7 OBMC with Motion Merging
	-2.2 
	-2.8 
	-3.0 
	127%
	103%

	2.8 OBMC for 2NxN and Nx2N motion partitions
	-0.8
	-0.8
	-1.0
	99%
	103%

	2.9 AMP + NSQT + OBMC
	-3.1 
	-3.3 
	-3.4 
	114%
	105%

	2.10 OBMC with Motion Merging + NSQT
	-3.8
	-4.6
	-4.8
	132%
	104%


4 Conclusion

CE2 proponents suggest considering the different proposals for potential introduction into HM.
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