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Abstract

This document reports summary of activities on CE4: Quantization.
1 Introduction
CE4: Quantization covers three topics as follows:
· Subtest 1: Spatial granularity at which level to signal MaxCUDepthDQP 
· Subtest 2: QP prediction from neighboring CU QP values
· Subtest 3: De-quantization offset
The summary of results of each subtest is reported in Section 3, 4, and 5 of this document respectively.
2 Reference Software for Subtest 1&2
Under the common test conditions the value of QP for each of the CU remains same within a frame. However it should be changed to evaluate CE4 subtest1&2 proposals. To solve this issue adaptive quantization algorithm like TM-5 has been implemented and this software “HM-3.0-dev-r863-CE4_r2.zip” has been developed and distributed to CE4 participants. In mode decision processes dQP bits are not counted, as different methods should be tested with the same QP map. NEC implemented the software and the anchor data is verified by Mitsubishi (MaxCUDepthDQP=0&2) and Sony (MaxCUDepthDQP=1&3). 
Sub-LCU-Level dQP coding has already been implemented on HM-3.2, and there are some new proposals related to dQP coding, we propose that this TM-5-like adaptive quantization algorithm be implemented as an official function on top of HM-4.0 for further investigation on quantization in JCTVC.
3 Subtest 1

	Test
	Reference
	Tested
	Proponent
	Cross-Checker

	1.1
	MaxCUDepthDQP in PPS
	MaxCUDepthDQP in LCU
	JCTVC-F221 (HKUST)
	JCTVC-F525 (Zenverge)


Summary of the result is shown in Table 3.1. 

As can be seen signaling of MaxCUDepthDQP at LCU Level does not improve coding efficiency. It is recommended that it should remain in PPS. Further study is encouraged with this topic.
	Table 3.1
　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.1 
	0.1 
	0.2 
	6.5%
	0.2 
	0.2 
	0.2 
	9.1%

	Class B
	0.1 
	0.1 
	0.1 
	4.1%
	0.2 
	0.1 
	0.1 
	4.9%

	Class C
	0.0 
	0.0 
	0.0 
	0.9%
	0.1 
	0.1 
	0.1 
	1.4%

	Class D
	0.0 
	0.0 
	0.0 
	0.8%
	0.0 
	0.0 
	0.0 
	1.0%

	Class E
	0.2 
	0.3 
	0.2 
	4.4%
	0.2 
	0.2 
	0.2 
	5.0%

	All
	0.1 
	0.1 
	0.1 
	3.3%
	0.1 
	0.1 
	0.1 
	4.3%

	Enc Time[%]
	176%
	195%

	Dec Time[%]
	160%
	173%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.4 
	0.3 
	0.4 
	14.7%
	0.6 
	0.6 
	0.6 
	18.7%

	Class B
	0.4 
	0.2 
	0.4 
	9.7%
	0.4 
	0.4 
	0.4 
	11.5%

	Class C
	0.3 
	0.3 
	0.3 
	6.4%
	0.3 
	0.3 
	0.3 
	6.9%

	Class D
	0.2 
	0.1 
	0.2 
	4.4%
	0.2 
	0.2 
	0.2 
	4.4%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.3 
	0.2 
	0.3 
	8.8%
	0.4 
	0.4 
	0.4 
	10.5%

	Enc Time[%]
	100%
	181%

	Dec Time[%]
	99%
	137%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.5 
	0.4 
	0.3 
	13.2%
	0.7 
	0.6 
	0.6 
	15.1%

	Class C
	0.4 
	0.4 
	0.4 
	8.2%
	0.4 
	0.4 
	0.4 
	8.9%

	Class D
	0.2 
	0.4 
	0.9 
	5.6%
	0.2 
	0.2 
	0.2 
	5.6%

	Class E
	0.9 
	0.7 
	2.2 
	17.9%
	1.1 
	1.1 
	1.1 
	19.6%

	All
	0.5 
	0.5 
	0.8 
	10.9%
	0.6 
	0.6 
	0.6 
	12.0%

	Enc Time[%]
	100%
	215%

	Dec Time[%]
	99%
	147%


4 Subtest 2

	Test
	Ref.
	Reference QP
	Proponent
	Cross-Checker

	2.1.a
	WD3
	Previous QP
	JCTVC-F156 (HKUST)
	JCTVC-F102 (NEC)

	2.2.b
	2.1.a
	Depth-dependent previous QP
	JCTVC-F300 (Canon)
	JCTVC-F421 (Sony)

	2.3.b
	WD3
	Left QP or above QP
	JCTVC-F332 (Qualcomm)
	JCTVC-F346 (LGE)

	2.3.c
	WD3
	Left QP or above QP within LCU
	JCTVC-F332 (Qualcomm)
	JCTVC-F346 (LGE)

	2.3.d
	WD3
	Median
	JCTVC-F420 (Sony)
	JCTVC-F355 (ETRI)

	2.3.e
	WD3
	Average
	JCTVC-F420 (Sony)
	JCTVC-F238 (TI)

JCTVC-F355 (ETRI)

	2.3.f
	WD3
	PredMode-dependent
	JCTVC-F300 (Canon)
	JCTVC-F421 (Sony)

	2.3.g
	WD3
	IntraPredMode-dependent
	JCTVC-F159 (NEC / Canon)
	JCTVC-F507 (Huawei)

	2.4.b
	2.3.g
	IntraPredMode-dependent spatial neighbour or MV-dependent temporal neighbour
	JCTVC-F103 (NEC)
	JCTVC-F508 (Huawei)


Table 4.1 shows brief summary of whole subtest 2. Summary of the result with each test is shown from Table 4.2 to Table 4.10 respectively.

Among proposed methods 2.4.b provides best coding efficiency.
However there have been e-mail discussions on the concerns with 2.4.b (temporal QP prediction with motion vector) as follows:

· Under the current CE4 test condition CU-level QP offset values of the similar texture area remains same, as intra-frame rate control is not implemented. However, in real applications with tight buffer constraint, they are not stable, especially when intra-frame rate control works to avoid HRD buffer overflow.

· Temporal QP prediction will cause increase in implementation cost: additional buffer for storing all QPs of reference frames is necessary. Increase in memory accesses is also an issue.
Therefore it is decided that 2.4.b be further-study item issue. 
Other than 2.4.b, 2.3.g provides best coding efficiency with intra-cases. As of inter 2.3.f provides best coding efficiency but 2.3.e provides similar gain. Therefore the following combinations are additionally tested.

Summary of the result with each combination is shown from Table 4.11 to Table 4.13 respectively. Combination of 2.3.g + 2.3.f + 2.3.e provides best result in coding efficiency.
	Test
	Proponent
	Cross-Checker

	2.3.g + 2.3.f
	JCTVC-F400 (Canon)
	JCTVC-F640 (NEC)

	2.3.g + 2.3.e
	JCTVC-F648 (Sony)
	JCTVC-F644 (NEC)

	2.3.g+2.3.f+2.3.e
	JCTVC-F661 (Canon, NEC, Sony)
	JCTVC-Fxx1 (Sharp)
JCTVC-F707 (Qualcomm)

JCTVC-F681 (Ericsson)



As of complexity, differences of each proposal are rather small: enc/dec time is almost 100% for all cases. 

Of course there are slight differences with implementation cost, but they are relatively small compared with the ones with other tools like transform or motion interpolation.

On 2.3.g or 2.3.f information like intra-pred directions or intra/inter mode is needed but such information is stored in buffer for other coding processes like de-blocking, so making use of these information is not a big issue.

Last but not least, entropy coding for dQP is one of the important topics, but none of the proposals in CE4 contains proposal on this area. There have been some new proposals related to this topic. It is recommended to investigate further on this issue.
Table 4.1 [Summary of subtest 2 (vs. WD3)]

	BD-rate(Y)
	AI HE
	AI LC
	RA HE
	RA LC
	LB HE
	LB LC

	2.1.a
	0.25 
	0.25 
	0.08 
	0.11 
	-0.04 
	0.00 

	2.2.b
	0.31 
	0.30 
	0.19 
	0.19 
	0.11 
	0.15 

	2.3.b
	-0.01 
	-0.01 
	-0.04 
	-0.02 
	-0.04 
	-0.06 

	2.3.c
	-0.02 
	-0.03 
	-0.03 
	-0.05 
	-0.08 
	-0.13 

	2.3.d
	0.05 
	0.06 
	-0.05 
	-0.02 
	-0.11 
	-0.15 

	2.3.e
	-0.21 
	-0.10 
	-0.16 
	-0.14 
	-0.17 
	-0.22 

	2.3.f
	-0.21 
	-0.10 
	-0.16 
	-0.16 
	-0.21 
	-0.29 

	2.3.g
	-0.40 
	-0.37 
	-0.16 
	-0.18 
	-0.09 
	-0.12 

	2.3.g+2.3.b
	-0.40 
	-0.37 
	-0.17 
	-0.18 
	-0.10 
	-0.17 

	2.3.g+2.3.c
	-0.40 
	-0.37 
	-0.19 
	-0.19 
	-0.16 
	-0.22 

	2.3.g+2.3.e
	-0.45 
	-0.41 
	-0.23 
	-0.24 
	-0.16 
	-0.29 

	2.3.g+2.3.f
	-0.45 
	-0.41 
	-0.25 
	-0.29 
	-0.24 
	-0.34 

	2.3.g+2.3.f+2.3.e
	-0.45 
	-0.41 
	-0.25 
	-0.30 
	-0.28 
	-0.35 

	2.4.b
	-0.40 
	-0.37 
	-0.59 
	-0.63 
	-0.83 
	-1.02 

	
	
	
	
	
	
	

	dQP code incr.
	AI HE
	AI LC
	RA HE
	RA LC
	LB HE
	LB LC

	2.1.a
	7.6%
	7.6%
	2.6%
	2.9%
	0.1%
	0.5%

	2.2.b
	9.7%
	9.3%
	5.2%
	5.4%
	3.0%
	3.4%

	2.3.b
	-0.4%
	-0.4%
	-0.4%
	-0.6%
	-0.7%
	-0.8%

	2.3.c
	-0.4%
	-0.6%
	-1.1%
	-1.3%
	-1.8%
	-2.0%

	2.3.d
	1.7%
	2.2%
	-0.4%
	-0.2%
	-2.4%
	-2.4%

	2.3.e
	-5.7%
	-2.6%
	-4.8%
	-3.2%
	-5.6%
	-5.0%

	2.3.f
	-5.7%
	-2.6%
	-4.7%
	-4.1%
	-5.5%
	-5.5%

	2.3.g
	-10.8%
	-10.0%
	-4.1%
	-4.5%
	-1.8%
	-2.2%

	2.3.g+2.3.b
	-10.8%
	-10.0%
	-4.4%
	-4.8%
	-2.4%
	-3.0%

	2.3.g+2.3.c
	-10.8%
	-10.0%
	-4.7%
	-5.1%
	-3.2%
	-3.8%

	2.3.g+2.3.e
	-12.3%
	-11.3%
	-6.8%
	-6.5%
	-6.3%
	-6.2%

	2.3.g+2.3.f
	-12.3%
	-11.3%
	-7.0%
	-7.2%
	-6.6%
	-6.8%

	2.3.g+2.3.f+2.3.e
	-12.3%
	-11.3%
	-7.4%
	-7.5%
	-7.1%
	-7.4%

	2.4.b
	-10.8%
	-10.0%
	-18.3%
	-18.7%
	-20.3%
	-21.2%


Table 4.2 [2.1.a vs. WD3]
	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.2 
	0.2 
	0.3 
	7.5%
	0.2 
	0.2 
	0.2 
	8.2%

	Class B
	0.3 
	0.3 
	0.3 
	8.8%
	0.2 
	0.2 
	0.2 
	8.0%

	Class C
	0.2 
	0.2 
	0.2 
	6.7%
	0.2 
	0.2 
	0.2 
	6.6%

	Class D
	0.2 
	0.2 
	0.2 
	7.0%
	0.2 
	0.2 
	0.2 
	7.4%

	Class E
	0.3 
	0.4 
	0.3 
	7.9%
	0.3 
	0.3 
	0.3 
	7.9%

	All
	0.2 
	0.3 
	0.3 
	7.6%
	0.2 
	0.2 
	0.2 
	7.6%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	100%
	94%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	0.2 
	0.5 
	3.3%
	0.2 
	0.2 
	0.2 
	3.9%

	Class B
	0.1 
	0.2 
	0.1 
	2.8%
	0.1 
	0.0 
	0.1 
	2.9%

	Class C
	0.1 
	0.0 
	0.0 
	1.9%
	0.1 
	0.1 
	0.1 
	2.0%

	Class D
	0.1 
	0.0 
	-0.1 
	2.1%
	0.1 
	0.0 
	0.1 
	2.7%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.1 
	0.1 
	0.1 
	2.6%
	0.1 
	0.1 
	0.1 
	2.9%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.0 
	-0.6 
	0.7%
	0.0 
	0.0 
	0.0 
	1.1%

	Class C
	0.0 
	0.1 
	0.1 
	0.3%
	0.0 
	0.2 
	0.0 
	0.7%

	Class D
	0.0 
	0.4 
	0.4 
	0.4%
	0.0 
	0.1 
	-0.2 
	1.0%

	Class E
	-0.3 
	0.1 
	0.9 
	-1.8%
	0.0 
	-0.3 
	0.0 
	-1.6%

	All
	0.0 
	0.1 
	0.1 
	0.1%
	0.0 
	0.0 
	0.0 
	0.5%

	Enc Time[%]
	100%
	106%

	Dec Time[%]
	100%
	100%


Table 4.3 [2.2.b vs. 2.1.a]
	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.1 
	0.1 
	0.1 
	3.1%
	0.1 
	0.1 
	0.1 
	2.8%

	Class B
	0.1 
	0.0 
	0.1 
	2.0%
	0.1 
	0.1 
	0.1 
	1.6%

	Class C
	0.0 
	0.0 
	0.0 
	1.0%
	0.0 
	0.0 
	0.0 
	0.9%

	Class D
	0.0 
	0.0 
	0.1 
	0.9%
	0.0 
	0.0 
	0.0 
	0.8%

	Class E
	0.1 
	0.1 
	0.1 
	2.6%
	0.1 
	0.1 
	0.1 
	2.0%

	All
	0.1 
	0.1 
	0.1 
	1.9%
	0.1 
	0.1 
	0.1 
	1.6%

	Enc Time[%]
	102%
	99%

	Dec Time[%]
	100%
	99%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.2 
	0.1 
	-0.2 
	3.5%
	0.1 
	0.0 
	0.0 
	3.3%

	Class B
	0.1 
	-0.1 
	0.0 
	3.0%
	0.1 
	0.2 
	0.1 
	2.8%

	Class C
	0.1 
	0.1 
	0.1 
	2.0%
	0.1 
	0.1 
	0.0 
	2.0%

	Class D
	0.0 
	0.1 
	0.4 
	1.6%
	0.1 
	0.1 
	0.1 
	1.5%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.1 
	0.0 
	0.1 
	2.6%
	0.1 
	0.1 
	0.1 
	2.4%

	Enc Time[%]
	98%
	100%

	Dec Time[%]
	98%
	100%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.2 
	0.3 
	0.3 
	3.3%
	0.2 
	0.2 
	0.2 
	3.3%

	Class C
	0.1 
	0.1 
	0.0 
	2.3%
	0.1 
	-0.1 
	0.1 
	2.4%

	Class D
	0.0 
	-0.3 
	-0.4 
	1.8%
	0.1 
	0.0 
	0.3 
	1.9%

	Class E
	0.4 
	0.5 
	-0.4 
	4.7%
	0.2 
	0.5 
	0.1 
	4.3%

	All
	0.1 
	0.1 
	-0.1 
	2.9%
	0.1 
	0.1 
	0.2 
	2.9%

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	100%
	99%


Table 4.4 [2.3.b vs. WD3]
	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

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

	Class B
	0.0 
	0.0 
	0.0 
	-0.3%
	0.0 
	0.0 
	0.0 
	-0.3%

	Class C
	0.0 
	0.0 
	0.0 
	-0.4%
	0.0 
	0.0 
	0.0 
	-0.4%

	Class D
	0.0 
	0.0 
	0.0 
	-0.7%
	0.0 
	0.0 
	0.0 
	-0.7%

	Class E
	0.0 
	0.0 
	0.0 
	-0.5%
	0.0 
	0.0 
	0.0 
	-0.5%

	All
	0.0 
	0.0 
	0.0 
	-0.4%
	0.0 
	0.0 
	0.0 
	-0.4%

	Enc Time[%]
	103%
	100%

	Dec Time[%]
	101%
	100%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	-0.1 
	0.0 
	-0.4%
	0.0 
	0.1 
	0.2 
	-0.4%

	Class B
	0.0 
	0.1 
	0.0 
	-0.3%
	0.0 
	0.0 
	0.0 
	-0.5%

	Class C
	0.0 
	0.0 
	0.0 
	-0.5%
	0.0 
	0.0 
	0.1 
	-0.7%

	Class D
	0.0 
	0.0 
	-0.1 
	-0.5%
	-0.1 
	0.0 
	0.0 
	-0.7%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.0 
	0.0 
	0.0 
	-0.4%
	0.0 
	0.0 
	0.0 
	-0.6%

	Enc Time[%]
	103%
	103%

	Dec Time[%]
	100%
	101%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	-0.1 
	-0.1 
	-0.4%
	0.0 
	0.1 
	-0.2 
	-0.5%

	Class C
	-0.1 
	0.1 
	0.0 
	-0.7%
	-0.1 
	0.1 
	-0.2 
	-0.8%

	Class D
	0.0 
	0.0 
	0.2 
	-0.5%
	-0.1 
	0.0 
	-0.4 
	-0.8%

	Class E
	-0.1 
	-0.1 
	-0.1 
	-1.4%
	-0.1 
	-0.4 
	-0.1 
	-1.5%

	All
	0.0 
	0.0 
	0.0 
	-0.7%
	-0.1 
	0.0 
	-0.2 
	-0.8%

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	100%
	101%


Table 4.5 [2.3.c vs. WD3]
	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	0.0 
	0.0 
	0.8%
	0.0 
	0.0 
	0.0 
	1.0%

	Class B
	0.0 
	0.0 
	0.0 
	0.4%
	0.0 
	0.0 
	0.0 
	0.0%

	Class C
	-0.1 
	-0.1 
	-0.1 
	-1.5%
	-0.1 
	-0.1 
	-0.1 
	-1.7%

	Class D
	-0.1 
	-0.1 
	0.0 
	-1.6%
	-0.1 
	-0.1 
	-0.1 
	-1.9%

	Class E
	0.0 
	0.0 
	0.0 
	-0.5%
	0.0 
	0.0 
	0.0 
	-0.7%

	All
	0.0 
	0.0 
	0.0 
	-0.4%
	0.0 
	0.0 
	0.0 
	-0.6%

	Enc Time[%]
	101%
	99%

	Dec Time[%]
	98%
	100%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	0.2 
	0.1 
	-0.3%
	0.0 
	0.0 
	0.1 
	0.1%

	Class B
	0.0 
	-0.2 
	0.0 
	-0.6%
	0.0 
	-0.1 
	0.0 
	-0.9%

	Class C
	0.0 
	0.0 
	0.0 
	-2.0%
	-0.1 
	-0.1 
	-0.1 
	-2.5%

	Class D
	0.0 
	0.0 
	0.3 
	-1.5%
	-0.1 
	0.0 
	-0.1 
	-2.0%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.0 
	0.0 
	0.1 
	-1.1%
	0.0 
	0.0 
	0.0 
	-1.3%

	Enc Time[%]
	100%
	102%

	Dec Time[%]
	101%
	99%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	-0.1 
	-0.1 
	-1.0%
	-0.1 
	0.0 
	0.0 
	-1.0%

	Class C
	-0.1 
	0.0 
	0.0 
	-2.3%
	-0.2 
	-0.1 
	-0.1 
	-2.7%

	Class D
	-0.1 
	-0.3 
	-0.2 
	-1.7%
	-0.2 
	-0.3 
	-0.1 
	-2.2%

	Class E
	-0.1 
	-1.2 
	0.6 
	-2.7%
	-0.2 
	-0.4 
	0.0 
	-2.8%

	All
	-0.1 
	-0.3 
	0.0 
	-1.8%
	-0.1 
	-0.2 
	-0.1 
	-2.0%

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	97%
	99%


Table 4.6 [2.3.d vs. WD3]
	　
	Intra
	Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.2 
	0.2 
	0.2 
	5.7%
	0.2 
	0.2 
	0.2 
	7.3%

	Class B
	0.1 
	0.1 
	0.1 
	3.2%
	0.1 
	0.1 
	0.1 
	3.3%

	Class C
	-0.1 
	-0.1 
	0.0 
	-1.9%
	-0.1 
	-0.1 
	-0.1 
	-1.6%

	Class D
	-0.1 
	-0.1 
	0.0 
	-1.5%
	-0.1 
	-0.1 
	-0.1 
	-1.1%

	Class E
	0.1 
	0.1 
	0.1 
	2.9%
	0.1 
	0.1 
	0.1 
	2.9%

	All
	0.0 
	0.1 
	0.1 
	1.7%
	0.1 
	0.1 
	0.1 
	2.2%

	Enc Time[%]
	98%
	100%

	Dec Time[%]
	99%
	99%

	
	
	
	
	
	
	
	
	

	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	0.1 
	-0.1 
	2.9%
	0.2 
	0.1 
	0.3 
	4.2%

	Class B
	0.0 
	0.1 
	0.0 
	0.6%
	0.0 
	0.0 
	0.0 
	0.9%

	Class C
	-0.1 
	0.0 
	-0.2 
	-3.2%
	-0.2 
	-0.1 
	-0.1 
	-3.6%

	Class D
	0.0 
	-0.2 
	0.0 
	-2.4%
	-0.1 
	-0.1 
	-0.2 
	-2.6%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	0.0 
	0.0 
	-0.1 
	-0.4%
	0.0 
	0.0 
	0.0 
	-0.2%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	99%
	99%

	
	
	
	　
	
	
	
	
	

	　
	Low delay
	Low delay LC

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.0 
	0.0 
	-0.4%
	0.0 
	0.1 
	-0.1 
	0.0%

	Class C
	-0.2 
	-0.1 
	-0.2 
	-3.7%
	-0.2 
	-0.1 
	-0.2 
	-4.2%

	Class D
	-0.1 
	-0.3 
	0.1 
	-3.0%
	-0.2 
	-0.3 
	-0.4 
	-3.2%

	Class E
	-0.1 
	0.4 
	-0.8 
	-3.2%
	-0.2 
	-0.3 
	-0.4 
	-2.7%

	All
	-0.1 
	-0.1 
	-0.2 
	-2.4%
	-0.2 
	-0.1 
	-0.2 
	-2.4%

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	101%
	102%


Table 4.7 [2.3.e vs. WD3]
	　
	Intra
	Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	-0.1 
	0.0 
	-1.7%
	0.1 
	0.1 
	0.1 
	2.2%

	Class B
	-0.2 
	-0.1 
	-0.1 
	-4.6%
	0.0 
	0.0 
	0.0 
	-1.3%

	Class C
	-0.3 
	-0.3 
	-0.3 
	-8.4%
	-0.2 
	-0.2 
	-0.2 
	-5.5%

	Class D
	-0.3 
	-0.3 
	-0.3 
	-8.7%
	-0.3 
	-0.2 
	-0.3 
	-6.8%

	Class E
	-0.2 
	-0.2 
	-0.3 
	-5.4%
	-0.1 
	-0.1 
	-0.1 
	-2.0%

	All
	-0.2 
	-0.2 
	-0.2 
	-5.7%
	-0.1 
	-0.1 
	-0.1 
	-2.6%

	Enc Time[%]
	98%
	100%

	Dec Time[%]
	99%
	100%

	
	
	
	
	
	
	
	
	

	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	-0.1 
	-0.2 
	-1.9%
	0.0 
	0.1 
	0.1 
	0.9%

	Class B
	-0.1 
	-0.1 
	-0.2 
	-3.6%
	-0.1 
	-0.1 
	-0.1 
	-1.4%

	Class C
	-0.3 
	-0.3 
	-0.2 
	-7.3%
	-0.3 
	-0.3 
	-0.2 
	-6.4%

	Class D
	-0.2 
	-0.2 
	-0.1 
	-6.5%
	-0.2 
	-0.2 
	-0.3 
	-6.4%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.2 
	-0.2 
	-0.2 
	-4.8%
	-0.1 
	-0.1 
	-0.1 
	-3.2%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%

	
	
	
	　
	
	
	
	
	

	　
	Low delay
	Low delay LC

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	-0.1 
	-0.2 
	-3.3%
	0.0 
	-0.1 
	-0.2 
	-1.6%

	Class C
	-0.3 
	-0.3 
	-0.3 
	-7.3%
	-0.4 
	0.0 
	-0.3 
	-7.0%

	Class D
	-0.2 
	-0.4 
	0.0 
	-6.4%
	-0.3 
	-0.2 
	-0.5 
	-6.7%

	Class E
	-0.2 
	0.2 
	0.2 
	-6.5%
	-0.2 
	-0.3 
	-0.2 
	-5.7%

	All
	-0.2 
	-0.2 
	-0.1 
	-5.6%
	-0.2 
	-0.1 
	-0.3 
	-5.0%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	102%
	101%


Table 4.8 [2.3.f vs. WD3]
	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	0.0 
	-0.1 
	0.0 
	-1.7%
	0.1 
	0.1 
	0.1 
	2.2%

	Class B
	-0.2 
	-0.1 
	-0.1 
	-4.6%
	0.0 
	0.0 
	0.0 
	-1.3%

	Class C
	-0.3 
	-0.3 
	-0.3 
	-8.4%
	-0.2 
	-0.2 
	-0.2 
	-5.5%

	Class D
	-0.3 
	-0.3 
	-0.3 
	-8.7%
	-0.3 
	-0.2 
	-0.3 
	-6.8%

	Class E
	-0.2 
	-0.2 
	-0.3 
	-5.4%
	-0.1 
	-0.1 
	-0.1 
	-2.0%

	All
	-0.2 
	-0.2 
	-0.2 
	-5.7%
	-0.1 
	-0.1 
	-0.1 
	-2.6%

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	101%
	100%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	0.0 
	-0.1 
	-1.8%
	0.0 
	0.0 
	0.1 
	-0.5%

	Class B
	-0.1 
	-0.2 
	-0.2 
	-4.0%
	-0.1 
	-0.1 
	-0.2 
	-3.0%

	Class C
	-0.2 
	-0.3 
	-0.2 
	-7.0%
	-0.3 
	-0.3 
	-0.2 
	-6.8%

	Class D
	-0.2 
	-0.3 
	-0.1 
	-6.3%
	-0.3 
	-0.3 
	-0.3 
	-6.3%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.2 
	-0.2 
	-0.2 
	-4.7%
	-0.2 
	-0.2 
	-0.1 
	-4.1%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	99%
	100%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.1 
	-0.2 
	-0.2 
	-3.5%
	-0.1 
	0.0 
	-0.2 
	-3.2%

	Class C
	-0.3 
	-0.3 
	-0.2 
	-6.3%
	-0.4 
	-0.2 
	-0.4 
	-6.6%

	Class D
	-0.2 
	-0.3 
	0.3 
	-5.7%
	-0.3 
	-0.5 
	-0.7 
	-6.0%

	Class E
	-0.4 
	0.2 
	0.1 
	-7.7%
	-0.4 
	0.0 
	-0.3 
	-7.3%

	All
	-0.2 
	-0.2 
	0.0 
	-5.5%
	-0.3 
	-0.2 
	-0.4 
	-5.5%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	99%


Table 4.9 [2.3.g vs. WD3]

	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	-0.2 
	-0.2 
	-6.2%
	-0.2 
	-0.2 
	-0.2 
	-5.9%

	Class B
	-0.3 
	-0.3 
	-0.3 
	-9.9%
	-0.3 
	-0.3 
	-0.3 
	-9.0%

	Class C
	-0.4 
	-0.4 
	-0.4 
	-11.7%
	-0.4 
	-0.4 
	-0.4 
	-11.1%

	Class D
	-0.4 
	-0.4 
	-0.4 
	-10.8%
	-0.4 
	-0.4 
	-0.4 
	-10.8%

	Class E
	-0.8 
	-0.8 
	-0.8 
	-17.0%
	-0.6 
	-0.6 
	-0.6 
	-14.9%

	All
	-0.4 
	-0.4 
	-0.4 
	-10.8%
	-0.4 
	-0.4 
	-0.4 
	-10.0%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.1 
	-0.3 
	0.0 
	-2.5%
	-0.1 
	0.0 
	-0.1 
	-2.7%

	Class B
	-0.2 
	-0.1 
	-0.2 
	-4.4%
	-0.2 
	-0.2 
	-0.2 
	-4.6%

	Class C
	-0.2 
	-0.2 
	-0.2 
	-5.5%
	-0.3 
	-0.1 
	-0.2 
	-5.9%

	Class D
	-0.1 
	0.1 
	0.0 
	-4.2%
	-0.2 
	-0.2 
	-0.3 
	-4.8%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.2 
	-0.1 
	-0.1 
	-4.1%
	-0.2 
	-0.1 
	-0.2 
	-4.5%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	101%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.1 
	0.0 
	0.0 
	-1.7%
	-0.1 
	0.0 
	0.0 
	-2.2%

	Class C
	-0.1 
	-0.1 
	-0.1 
	-2.6%
	-0.2 
	0.0 
	-0.3 
	-3.3%

	Class D
	-0.1 
	0.0 
	0.1 
	-1.7%
	-0.2 
	0.1 
	-0.3 
	-2.1%

	Class E
	-0.1 
	1.0 
	1.0 
	-1.2%
	0.0 
	0.0 
	-0.2 
	-1.0%

	All
	-0.1 
	0.2 
	0.2 
	-1.8%
	-0.1 
	0.0 
	-0.2 
	-2.2%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	102%


Table 4.10 [2.4.b vs. 2.3.g]
	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	-0.2 
	-0.2 
	-6.2%
	-0.2 
	-0.2 
	-0.2 
	-5.9%

	Class B
	-0.3 
	-0.3 
	-0.3 
	-9.9%
	-0.3 
	-0.3 
	-0.3 
	-9.0%

	Class C
	-0.4 
	-0.4 
	-0.4 
	-11.7%
	-0.4 
	-0.4 
	-0.4 
	-11.1%

	Class D
	-0.4 
	-0.4 
	-0.4 
	-10.8%
	-0.4 
	-0.4 
	-0.4 
	-10.8%

	Class E
	-0.8 
	-0.8 
	-0.8 
	-17.0%
	-0.6 
	-0.6 
	-0.6 
	-14.9%

	All
	-0.4 
	-0.4 
	-0.4 
	-10.8%
	-0.4 
	-0.4 
	-0.4 
	-10.0%

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.5 
	-0.8 
	-0.3 
	-15.6%
	-0.4 
	-0.3 
	-0.5 
	-15.7%

	Class B
	-0.6 
	-0.5 
	-0.6 
	-17.6%
	-0.5 
	-0.6 
	-0.6 
	-17.1%

	Class C
	-0.7 
	-0.7 
	-0.8 
	-20.3%
	-0.8 
	-0.8 
	-0.7 
	-21.0%

	Class D
	-0.6 
	-0.6 
	-0.6 
	-19.8%
	-0.8 
	-0.9 
	-0.8 
	-21.3%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.6 
	-0.7 
	-0.6 
	-18.3%
	-0.6 
	-0.6 
	-0.7 
	-18.7%

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	101%
	102%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.7 
	-0.8 
	-0.7 
	-18.3%
	-0.8 
	-0.7 
	-0.6 
	-17.7%

	Class C
	-0.9 
	-0.7 
	-1.0 
	-20.9%
	-1.0 
	-0.8 
	-1.1 
	-22.0%

	Class D
	-0.8 
	-1.0 
	-1.0 
	-20.9%
	-1.1 
	-0.9 
	-1.4 
	-23.0%

	Class E
	-1.1 
	0.3 
	-0.3 
	-22.3%
	-1.4 
	-1.5 
	-1.2 
	-23.7%

	All
	-0.8 
	-0.6 
	-0.8 
	-20.3%
	-1.0 
	-0.9 
	-1.0 
	-21.2%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	102%


Table 4.11 [2.3.g + 2.3.f vs. WD3]

	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	-0.3 
	-0.2 
	-7.9%
	-0.2 
	-0.2 
	-0.2 
	-7.0%

	Class B
	-0.4 
	-0.4 
	-0.4 
	-11.4%
	-0.3 
	-0.3 
	-0.3 
	-10.1%

	Class C
	-0.5 
	-0.5 
	-0.5 
	-13.4%
	-0.5 
	-0.5 
	-0.5 
	-12.5%

	Class D
	-0.4 
	-0.5 
	-0.4 
	-12.7%
	-0.4 
	-0.4 
	-0.4 
	-12.6%

	Class E
	-0.8 
	-0.9 
	-0.8 
	-17.8%
	-0.7 
	-0.7 
	-0.7 
	-15.5%

	All
	-0.5 
	-0.5 
	-0.4 
	-12.3%
	-0.4 
	-0.4 
	-0.4 
	-11.3%

	Enc Time[%]
	102%
	100%

	Dec Time[%]
	101%
	100%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	0.0 
	-0.2 
	-4.4%
	-0.1 
	-0.1 
	-0.1 
	-4.0%

	Class B
	-0.2 
	-0.2 
	-0.2 
	-6.5%
	-0.2 
	-0.3 
	-0.2 
	-6.4%

	Class C
	-0.3 
	-0.3 
	-0.3 
	-9.4%
	-0.4 
	-0.3 
	-0.3 
	-9.9%

	Class D
	-0.2 
	-0.1 
	-0.2 
	-7.9%
	-0.4 
	-0.3 
	-0.4 
	-8.7%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.3 
	-0.1 
	-0.2 
	-7.0%
	-0.3 
	-0.3 
	-0.3 
	-7.2%

	Enc Time[%]
	100%
	101%

	Dec Time[%]
	100%
	101%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.1 
	-0.2 
	-0.4 
	-4.5%
	-0.2 
	-0.1 
	-0.3 
	-4.3%

	Class C
	-0.3 
	-0.4 
	-0.4 
	-7.7%
	-0.4 
	-0.2 
	-0.4 
	-8.3%

	Class D
	-0.3 
	-0.5 
	-0.1 
	-6.5%
	-0.4 
	-0.2 
	-0.8 
	-7.2%

	Class E
	-0.3 
	-0.3 
	0.4 
	-8.6%
	-0.4 
	-0.3 
	-0.4 
	-8.1%

	All
	-0.2 
	-0.4 
	-0.2 
	-6.6%
	-0.3 
	-0.2 
	-0.5 
	-6.8%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%


Table 4.12 [2.3.g + 2.3.e vs. WD3]

	　
	Intra
	Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	-0.3 
	-0.2 
	-7.9%
	-0.2 
	-0.2 
	-0.2 
	-7.0%

	Class B
	-0.4 
	-0.4 
	-0.4 
	-11.4%
	-0.3 
	-0.3 
	-0.3 
	-10.1%

	Class C
	-0.5 
	-0.5 
	-0.5 
	-13.4%
	-0.5 
	-0.5 
	-0.5 
	-12.5%

	Class D
	-0.4 
	-0.5 
	-0.4 
	-12.7%
	-0.4 
	-0.4 
	-0.4 
	-12.6%

	Class E
	-0.8 
	-0.9 
	-0.8 
	-17.8%
	-0.7 
	-0.7 
	-0.7 
	-15.5%

	All
	-0.5 
	-0.5 
	-0.4 
	-12.3%
	-0.4 
	-0.4 
	-0.4 
	-11.3%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	102%
	100%

	
	
	
	
	
	
	
	
	

	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	0.0 
	-0.3 
	-4.3%
	-0.1 
	0.0 
	0.0 
	-3.0%

	Class B
	-0.2 
	-0.1 
	-0.2 
	-5.9%
	-0.2 
	-0.2 
	-0.2 
	-5.0%

	Class C
	-0.3 
	-0.3 
	-0.3 
	-9.4%
	-0.4 
	-0.4 
	-0.3 
	-9.7%

	Class D
	-0.2 
	-0.1 
	-0.2 
	-7.8%
	-0.3 
	-0.5 
	-0.3 
	-8.5%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.2 
	-0.1 
	-0.2 
	-6.8%
	-0.2 
	-0.3 
	-0.2 
	-6.5%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	98%

	
	
	
	　
	
	
	
	
	

	　
	Low delay
	Low delay LC

	　
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.1 
	-0.4 
	-0.4 
	-4.0%
	-0.1 
	-0.2 
	-0.3 
	-3.1%

	Class C
	-0.3 
	-0.4 
	-0.3 
	-8.1%
	-0.5 
	-0.3 
	-0.5 
	-8.5%

	Class D
	-0.2 
	-0.1 
	0.3 
	-6.7%
	-0.3 
	-0.4 
	-0.5 
	-7.6%

	Class E
	-0.1 
	0.0 
	0.3 
	-7.4%
	-0.3 
	-0.4 
	0.1 
	-6.7%

	All
	-0.2 
	-0.3 
	-0.1 
	-6.3%
	-0.3 
	-0.3 
	-0.3 
	-6.2%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	102%
	101%


Table 4.13 [2.3.g + 2.3.f + 2.3.e vs. WD3]

	　
	All Intra HE
	All Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	-0.3 
	-0.2 
	-7.9%
	-0.2 
	-0.2 
	-0.2 
	-7.0%

	Class B
	-0.4 
	-0.4 
	-0.4 
	-11.4%
	-0.3 
	-0.3 
	-0.3 
	-10.1%

	Class C
	-0.5 
	-0.5 
	-0.5 
	-13.4%
	-0.5 
	-0.5 
	-0.5 
	-12.5%

	Class D
	-0.4 
	-0.5 
	-0.4 
	-12.7%
	-0.4 
	-0.4 
	-0.4 
	-12.6%

	Class E
	-0.8 
	-0.9 
	-0.8 
	-17.8%
	-0.7 
	-0.7 
	-0.7 
	-15.5%

	All
	-0.5 
	-0.5 
	-0.4 
	-12.3%
	-0.4 
	-0.4 
	-0.4 
	-11.3%

	Enc Time[%]
	102%
	100%

	Dec Time[%]
	102%
	100%

	
	
	
	
	
	
	
	
	

	　
	Random Access HE
	Random Access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	-0.2 
	0.0 
	-0.1 
	-4.7%
	-0.2 
	-0.1 
	-0.1 
	-4.1%

	Class B
	-0.2 
	-0.2 
	-0.2 
	-6.7%
	-0.2 
	-0.3 
	-0.2 
	-6.5%

	Class C
	-0.4 
	-0.3 
	-0.3 
	-9.9%
	-0.4 
	-0.4 
	-0.3 
	-10.6%

	Class D
	-0.2 
	-0.3 
	-0.2 
	-8.4%
	-0.4 
	-0.4 
	-0.4 
	-9.2%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.2 
	-0.2 
	-0.2 
	-7.4%
	-0.3 
	-0.3 
	-0.3 
	-7.5%

	Enc Time[%]
	101%
	102%

	Dec Time[%]
	101%
	102%

	
	
	
	　
	
	
	
	
	

	　
	Low delay B HE
	Low delay B LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.
	Y BD-rate
	U BD-rate
	V BD-rate
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.2 
	-0.3 
	-0.4 
	-4.9%
	-0.2 
	-0.1 
	-0.2 
	-4.7%

	Class C
	-0.4 
	-0.4 
	-0.3 
	-8.6%
	-0.5 
	-0.3 
	-0.5 
	-9.2%

	Class D
	-0.2 
	-0.3 
	-0.2 
	-7.2%
	-0.4 
	-0.9 
	-0.7 
	-8.0%

	Class E
	-0.4 
	-0.2 
	0.5 
	-8.8%
	-0.4 
	-0.4 
	-0.4 
	-8.5%

	All
	-0.3 
	-0.3 
	-0.2 
	-7.1%
	-0.3 
	-0.4 
	-0.4 
	-7.4%

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	102%
	102%


5 Subtest 3

	Test
	Technology
	Proponent(s)
	Cross-checker(s)

	3.1
	Adaptive de-quantization offset (AQO)
	MediaTek (JCTVC-F119)
	CE4.3.1.a: Microsoft (JCTVC-F203), Zhejiang Univ. (JCTVC-F368), Samsung (JCTVC-F440)
CE4.3.1.b: RIM (JCTVC-F273)

CE4.3.1.c: Sony (JCTVC-310)

	3.2
	Adaptive reconstruction level (ARL)
	RIM (JCTVC-F276)
	CE4.3.2.a: MediaTek (JCTVC-F255), 
CE4.3.2.b:TI (JCTVC-F237)

CE4.3.2.c: Samsung (JCTVC-E441)


Cross-checking reports and related discussions
In this subtest, two techniques were proposed: Adaptive de-quantization offset (AQO, JCTVC-F119) and adaptive reconstruction level (ARL, JCTVC-F276).

The tests performed in this subset were defined in CE4 description JCTVC-704. BD-rate results, encoding and decoding time, and RVM values are provided:
· ARL common condition, cross-check document JCTVC-F255
· ARL RDOQ off, cross-check document JCTVC-F237

· AQO common condition with lambda refinement, cross-check document JCTVC-F203, JCTVC-F368, JCTVC-F440

· AQO common condition without lambda refinement, cross-check document JCTVC-F203, JCTVC-F368, JCTVC-F440

· AQO with lambda refinement while suppressing offsets to 0, cross-check document JCTVC-F203, JCTVC-F368, JCTVC-F440

· AQO RDOQ off with lambda refinement, cross checked document JCTVC-F273

· The following specific tests have been performed as part of this CE:

· AQO with SAO off, cross-check document JCTVC-F310

· HM with multiQP RDOQ, cross-check document JCTVC-F441

In addition to the tests performed in this CE, the following additional tests have been performed and are discussed in document JCTVC-T276, JCTVC-F702:

· ARL was also studied from a bit fluctuation and RD performance perspective.  A cross check is available in document JCTVC-F702.

· For a better understanding of the coding gain by varying QP, a new test where the I-frames are left out (varying QP is disabled for I frames) has been conducted, results are available in section 5.4. The results show a difference of -1% in RAHE, -1.1% in RALC, -0.3% in LDHE and -0.2% in LDLC.

In some of the above test and cross check, additional results without Nebuta and BQTerrace, and results using the piece-wise cubic hermite interpolation polynomial (PCHIP) method proposed in [4] have been provided. (JCTVC-F440, JCTVC-F441, JCTVC-F276, JCTVC-F273) Since BD-rate is sometimes unreliable especially for sequence Nebuta [2], no performance comparison between AQO and ARL based on BD-rate is provided. Results without Nebuta and BQterrace might not be the best indicator and results with PCHIP calculation provide more consistent results for evaluation.

5.1.1 Summary of the similarities and differences between AQO and ARL:

   From algorithm design perspective:
· Empirical-data-based vs. model-based. ARL computes reconstruction levels based on empirical data; AQO estimates reconstruction levels based on a Laplacian model.

· Multiple offsets vs. one offset. For each quantizer, ARL uses an adaptive number of offsets to represent the whole set of reconstruction levels; AQO uses one offset to determine the whole set of reconstruction levels. 

· AQO uses separate offsets for chroma components.

· ARL does not make use of the lambda refinement function described in AQO.   

From coding performance perspective:
· Both ARL and AQO perform better than HM3.0 anchor in RDOQ on and off environments. 

· RVM [5] (bit fluctuation at frame level) : AQO and ARL exhibit different behavior.

· RDOQ ON: AQO slightly decreases the RVM value to 99% while ARL slightly increases it to 104% 

· RDOQ OFF, AQO slightly increases the RVM value to 103% while ARL slightly decreases it to 99% 

· To put these values in context, for anchor with RDOQ off, the RVM value decreases by 10%.

· From a RD Optimization perspective (bit allocation) 

· RDOQ ON: With I-frame psnr maintaining the same, AQO changes the average B-frame psnr by about -0.3dB, while ARL changes average B-frame psnr by 0.02dB. Tables for ARL are provided in section 5.3.3.
· RDOQ OFF: With I-frame psnr maintaining the same, AQO changes the average B-frame psnr by about -0.15dB, while ARL changes average B-frame psnr by 0.05dB. Tables for ARL are provided in section 5.3.3.
5.1.2 Related discussion on the CE4 reflector and main reflector:

The BD Rate calculation issue [2] was raised and has an impact on both ARL and AQO results. Fitted curves have been provided on the reflector and as part of some crosschecks. Results with other criteria such as BD-rate with PCHIP interpolation were provided by proponents and cross-checkers.
5.1.3 Summary of the specific findings in cross-check documents:

Overall the cross checks confirm the results provided by proponents. 
Cross check of HM with multiQP with RDOQ in document JCTVC-F441: While unrelated to any of the two proposals, the question whether multi QP would provide similar gain than AQO and ARL was raised. The increase in encoding time (600%>…>400%) makes this suggestion unrealistic for adoption in the HM. 

Cross check of AQO in document JCTVC-F203: Bit allocation effects unrelated to the proposal are reportedly providing some of the measured benefit. A non-normative modification was reportedly able to provide about half of the total benefit measured relative to the anchor, and it is remarked that the bit allocation effects with the tested non-normative modification are not as extreme as when the normative modification is included.

However, the reported results in JCTVC-F203 are based on BD-rate which is noted as not quite reliable. It is noted the average luma PCHIP-BD-rate reduction by lambda refinement only (the non-normative modification mentioned in JCTVC-F203) is 0% for the four tested inter cases while the average luma PCHIP-BD-rate reduction by AQO with lambda refinement (the proposed AQO combination) is 0.8% as shown in section 5.2.1. 

Cross check of AQO in document JCTVC-F440 and JCTVC-F273: Divisions in the decoder code where noticed as well as redundant and unused functions. A clean-up would be recommended. Those cross-checks indentify a degradation of the proposal when Nebuta and BQTerrace are excluded or when PCHIP calculation is used. 

Cross check of HM with multiQP in document JCTVC-F441: 3 sets of results are reported: all sequences, without Nebuta and BQTerrace and all sequences using PCHIP. Data from the last two sets are very similar which indicates that PCHIP is more robust and preferable to be used for BD-rate measurement(section 5.4.
5.1.4 Simulation results of AQO 

5.1.4.1 RDOQ on (Subtest 3.3.1.a)

· Results based on BD-rate
	
	AQO with lambda refinement
	AQO without lambda refinement
	Lambda refinement only

	
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V
	EncT.
	DecT.
	RVM

	RAHE
	-1.3
	-2.6
	-3.1
	100
	101
	
	-0.5
	-1.1
	-1.5
	100
	101
	
	-0.6
	-1.6
	-1.9
	99
	99
	

	RALC
	-1.6
	-2.1
	-2.6
	100
	99
	
	-0.7
	-0.4
	-0.8
	100
	98
	
	-0.7
	-1.8
	-1.8
	99
	100
	

	LBHE
	-0.7
	-1.7
	-2.2
	100
	100
	99
	-0.4
	-1.3
	-1.6
	100
	101
	96
	0.0
	-0.4
	-0.5
	99
	99
	104

	LBLC
	-0.9
	-1.5
	-1.8
	99
	100
	98
	-0.8
	-0.9
	-1.1
	100
	102
	96
	0.5
	-0.6
	-0.9
	99
	100
	103

	Aver
	-1.1
	-2.0
	-2.4
	100
	100
	99
	-0.6
	-0.9
	-1.3
	100
	101
	96
	-0.2
	-1.1
	-1.3
	99
	99
	103


· Results based on PCHIP-BD-rate

	
	AQO with lambda refinement
	AQO without lambda refinement
	Lambda refinement only

	
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V
	EncT.
	DecT.
	RVM

	RAHE
	-0.8
	-2.7
	-3.2
	100
	101
	
	-0.2
	-1.1
	-1.5
	100
	101
	
	-0.4
	-1.7
	-1.9
	99
	99
	

	RALC
	-0.9
	-2.1
	-2.6
	100
	99
	
	-0.5
	-0.4
	-0.8
	100
	98
	
	-0.1
	-1.8
	-1.8
	99
	100
	

	LBHE
	-0.6
	-1.7
	-2.2
	100
	100
	99
	-0.3
	-1.3
	-1.7
	100
	101
	96
	0.0
	-0.4
	-0.5
	99
	99
	104

	LBLC
	-0.8
	-1.5
	-1.8
	99
	100
	98
	-0.8
	-0.9
	-1.1
	100
	102
	96
	0.5
	-0.6
	-1.0
	99
	100
	103

	Aver
	-0.8
	-2.0
	-2.5
	100
	100
	99
	-0.5
	-0.9
	-1.3
	100
	101
	96
	0.0
	-1.1
	-1.3
	99
	99
	103


On average, AQO with lambda refinement obtains 1.1% luma BD-rate reduction and over 2% chroma BD-rate reduction, or 0.8% luma PCHIP-BD-rate reduction and over 2% chroma PCHIP-BD-rate reduction. The difference between BD-rate based results and PCHIP-BD-rate based results is since BD-rate is not reliable especially for sequence Nebuta. PCHIP-BD-rate is regarded as more robust in this case. Based on PCHIP-BD-rate, 0.5% luma rate reduction on average is obtained by AQO without lambda refinement. Note that lambda refinement itself does NOT provide any gain on average for the four inter cases. Interestingly, when AQO and lambda refinement are both enabled, the overall gain is even larger than the sum of individual gains.

5.1.4.2 RDOQ off (Subtest 3.3.1.b)

	
	AQO with lambda refinement (based on BD-rate)
	AQO with lambda refinement
(based on PCHIP-BD-rate)

	
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V.
	EncT.
	DecT.
	RVM

	RAHE
	-2.0
	-2.7
	-3.0
	100
	99
	
	-2.1
	-2.8
	-3.1
	100
	99
	

	RALC
	-2.3
	-3.4
	-3.6
	100
	100
	
	-2.1
	-3.4
	-3.7
	100
	100
	

	LBHE
	-1.4
	-0.8
	-1.2
	100
	100
	103
	-1.4
	-0.8
	-1.2
	100
	100
	103

	LBLC
	-1.3
	-1.3
	-1.7
	99
	99
	103
	-1.3
	-1.4
	-1.7
	99
	99
	103

	Aver
	-1.8
	-2.0
	-2.4
	100
	100
	103
	-1.7
	-2.1
	-2.4
	100
	100
	103


Bny gain on average for the four inter cases, which verifies that lambda refinement has to be in line with quantization process.A larger gain is obtained by AQO with lambda refinement when RDOQ is off.
5.1.4.3 SAO off (Subtest 3.3.1.c)

	
	AQO with lambda refinement (based on BD-rate)
	AQO with lambda refinement

(based on PCHIP-BD-rate)

	
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V.
	EncT.
	DecT.
	RVM

	RAHE
	-1.3
	-2.6
	-3.2
	99
	100
	
	-0.8
	-2.7
	-3.2
	99
	100
	

	RALC
	-1.5
	-2.2
	-2.8
	99
	101
	
	-0.8
	-2.2
	-2.7
	99
	101
	

	LBHE
	-0.6
	-2.0
	-2.0
	99
	100
	99
	-0.6
	-2.0
	-2.0
	99
	100
	99

	LBLC
	-0.7
	-1.5
	-1.7
	99
	100
	98
	-0.6
	-1.5
	-1.7
	99
	100
	98

	Aver
	-1.0
	-2.1
	-2.4
	99
	100
	99
	-0.7
	-2.1
	-2.4
	99
	100
	99


The results in this section and section 5.2.1 indicate that AQO is orthogonal to SAO.Compared with the results in section ,Folarger gain is obtained by AQO with lambda refinement when RDOQ is off.
5.1.5 Simulation results of ARL

5.1.5.1 RDOQ on

	
	all sequences
	without Nebuta and BQTerrace
	Piece-wise cubic interpolation

	
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V
	EncT.
	DecT.
	RVM

	RAHE
	-0.3
	-0.4
	-0.2
	100
	99
	-
	-0.6
	-0.4
	-0.2
	100
	99
	-
	-0.7
	-0.4
	-0.1
	100
	99
	-

	RALC
	-1.0
	-2.3
	-2.3
	101
	98
	-
	-0.9
	-1.9
	-1.9
	101
	98
	-
	-1.0
	-2.3
	-2.3
	101
	98
	-

	LBHE
	-0.7
	-0.4
	-0.4
	100
	98
	104
	-0.8
	-0.5
	-0.4
	100
	98
	104
	-0.7
	-0.3
	-0.3
	100
	98
	104

	LBLC
	-1.3
	-1.6
	-2.0
	100
	97
	104
	-1.4
	-1.5
	-1.8
	100
	97
	104
	-1.3
	-1.6
	-2.0
	100
	97
	104

	Aver
	-0.8
	-1.2
	-1.2
	100
	98
	104
	-0.9
	-1.1
	-1.1
	100
	98
	104
	-0.9
	-1.2
	-1.2
	100
	98
	104


5.1.5.2 RDOQ off

	
	all sequences
	without Nebuta and BQTerrace
	Piece-wise cubic interpolation

	
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V.
	EncT.
	DecT.
	RVM
	Y
	U
	V
	EncT.
	DecT.
	RVM

	RAHE
	-2.0
	-1.4
	-1.3
	101
	100
	-
	-2.0
	-1.4
	-1.6
	101
	100
	-
	-2.2
	-1.1
	-1.3
	101
	100
	-

	RALC
	-2.1
	-1.2
	-1.3
	99
	99
	-
	-2.2
	-1.4
	-1.6
	99
	99
	-
	-2.2
	-1.2
	-1.3
	99
	99
	-

	LBHE
	-1.7
	-0.7
	-1.1
	101
	101
	99
	-1.7
	-0.7
	-1.0
	101
	101
	99
	-1.7
	-0.7
	-1.0
	101
	101
	99

	LBLC
	-1.8
	-0.5
	-0.7
	100
	101
	99
	-1.8
	-0.6
	-0.8
	100
	101
	99
	-1.8
	-0.5
	-0.8
	100
	101
	99

	Aver
	-1.9
	-1.0
	-1.1
	100
	100
	99
	-1.9
	-1.0
	-1.0
	100
	100
	99
	-2.0
	-0.9
	-1.1
	100
	100
	99


5.1.5.3 Average PSNR and bit-rate difference

Average PSNR-difference (dB) and Average bit-rate difference between ARL and anchor (kbps) for RDOQ-on cases:
	
	-psnr_I
	-psnr_B
	-rate-all
	-rate-I
	-rate-B
	-rate-T0
	-rate-T1
	-rate-T2
	-rate-T3

	RA_HE
	0.00
	0.05
	-88.43
	-1.56
	-89.59
	1514.10
	-423.69
	-414.90
	-246.61

	RA_LC
	0.00
	0.02
	-297.22
	0.05
	-302.64
	890.68
	-534.29
	-392.21
	-490.49

	
	
	
	
	
	
	
	
	
	

	LD_HE
	0.01
	0.04
	52.88
	12.16
	52.95
	459.39
	-111.82
	-68.01
	

	LD_LC
	0.00
	-0.02
	-78.36
	0.08
	-78.53
	92.56
	-189.19
	-108.40
	


Average PSNR-difference (dB) and Average bit-rate difference between ARL and anchor (kbps) for RDOQ-off cases:

	
	-psnr_I
	-psnr_B
	-rate-all
	-rate-I
	-rate-B
	-rate-T0
	-rate-T1
	-rate-T2
	-rate-T3

	RA_HE
	0.00
	0.06
	35.84
	0.04
	36.17
	-236.25
	-28.01
	27.28
	124.74

	RA_LC
	0.00
	0.07
	127.37
	0.05
	129.29
	-126.52
	57.51
	115.43
	214.88

	
	
	
	
	
	
	
	
	
	

	LD_HE
	0.00
	0.03
	-16.95
	0.06
	-17.00
	-59.94
	-10.42
	1.28
	

	LD_LC
	0.00
	0.04
	-11.70
	0.05
	-11.74
	-53.32
	-9.27
	7.89
	


Average PSNR-difference (dB) and Average bit-rate difference between ARL and anchor (kbps) for the varying-QP tests:

	
	-psnr_I
	-psnr_B
	-rate-all
	-rate-I
	-rate-B
	-rate-T0
	-rate-T1
	-rate-T2
	-rate-T3

	RA_HE
	0.67
	0.17
	344.28
	5223.77
	235.34
	3393.47
	-327.58
	-352.01
	88.72

	RA_LC
	0.61
	0.12
	-46.07
	4874.52
	-154.71
	2574.09
	-560.02
	-427.25
	-389.72

	
	
	
	
	
	
	
	
	
	

	LD_HE
	0.42
	0.07
	73.41
	1643.38
	70.01
	532.36
	-111.23
	-63.74
	

	LD_LC
	0.33
	0.03
	-12.69
	1291.10
	-15.50
	178.53
	-115.45
	-56.91
	


5.1.6 Multi-QP RDOQ (MaxDeltaQP=2, PCHIP-based BD-rate)

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-1.5%
	-3.2%
	-3.1%
	-1.8%
	-4.2%
	-4.1%

	Class B
	-1.5%
	-3.5%
	-3.4%
	-1.7%
	-4.3%
	-4.7%

	Class C
	-2.0%
	-3.9%
	-3.7%
	-2.0%
	-4.1%
	-4.3%

	Class D
	-1.6%
	-3.7%
	-3.6%
	-1.4%
	-3.7%
	-3.8%

	Class E
	 
	 
	 
	 
	 
	 

	Overall
	-1.6%
	-3.6%
	-3.5%
	-1.7%
	-4.1%
	-4.2%

	Enc Time[%]
	432%
	479%

	Dec Time[%]
	101%
	99%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.5%
	-0.4%
	-0.8%
	-1.0%
	-1.4%
	-2.0%

	Class C
	-0.9%
	-1.4%
	-1.3%
	-1.4%
	-1.6%
	-2.0%

	Class D
	-0.8%
	-1.1%
	-0.7%
	-1.1%
	-1.6%
	-1.5%

	Class E
	-0.7%
	-0.7%
	-1.7%
	-0.5%
	-2.4%
	-3.3%

	Overall
	-0.7%
	-0.9%
	-1.1%
	-1.0%
	-1.7%
	-2.1%

	Enc Time[%]
	474%
	591%

	Dec Time[%]
	99%
	99%


Multi-QP RDOQ with MaxDeltaQP=2 provides RD coding gain over single-QP RDOQ (the anchor). However, its encoding time is about 4-5 times higher and slightly increases the RVM values. 
The above table shows the PCHIP-based BDrate for varying QP with MaxDeltaQP=2 for all frames. It has been observed that the bit allocation has been dramatically changed in this test, as the average PSNR for all I-frames is increased by about 0.4dB. 

For a better understanding of the coding gain by varying QP, a new test where the I-frames are left out (varying QP is disabled for I frames) has been conducted. The corresponding PCHIP-based BDrate results are shown as follows:

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.8%
	0.0%
	0.3%
	-1.1%
	-1.8%
	-1.5%

	Class B
	-0.4%
	-0.4%
	0.2%
	-0.6%
	-1.2%
	-1.1%

	Class C
	-0.7%
	-1.2%
	-1.2%
	-0.9%
	-1.7%
	-1.8%

	Class D
	-0.5%
	-0.7%
	-0.8%
	-0.6%
	-1.4%
	-1.4%

	Class E
	 
	 
	 
	 
	 
	 

	Overall
	-0.6%
	-0.6%
	-0.3%
	-0.8%
	-1.5%
	-1.4%

	
	
	

	
	
	

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	-0.3%
	-0.1%
	-0.1%
	-0.8%
	-0.9%
	-1.4%

	Class C
	-0.7%
	-1.0%
	-1.1%
	-1.3%
	-1.3%
	-1.7%

	Class D
	-0.6%
	-0.8%
	-0.4%
	-1.0%
	-1.2%
	-1.1%

	Class E
	0.3%
	0.2%
	0.4%
	0.1%
	0.1%
	-0.1%

	Overall
	-0.4%
	-0.5%
	-0.3%
	-0.8%
	-0.9%
	-1.1%

	
	
	


6 Conclusion

Subtest 1:

Signaling of MaxCUDepthDQP at CU Level does not improve coding efficiency. It is recommended that it should remain in PPS at this time. Further study is encouraged on this topic.
Subtest 2:

2.4.b provides best result in coding efficiency, but concerns are raised if it works with real-world applications and increase in implementation cost. Further study is encouraged on this topic.
Other than 2.4.b combination 2.3.g + 2.3.f + 2.3.e provides best result in coding efficiency. We recommend this combination be adopted in HM-4.0. 
There has been no proposal on entropy coding of dQP in CE4 but some new proposals treat this topic. Investigation on this topic is encouraged.
Subtest 3:

Two techniques AQO and ARL were tested. The group should review the two proposals in light of these results and discuss appropriate actions.
Misc. :

It is recommended that QP adaptation algorithm with TM-5 step-3-like is implemented as an official function on top HM-4.0 for further investigation of delta-QP-related proposals.
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