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[image: image15.jpg]Results Wethod Reference AHE | AILC | RAHE |RALC | LBHE | LBLC
12a Signalling of MinQP and MaxQP [CE4 anchor -0.05%| -023%| 0.04%] -0.21%| 0.03%| -0.27%]
1.2b [Table-based QP coding |CE4 anchor 0.17%| 0.23%| 0.12%| 0.11%| 0.06%| 0.02%|
13a unavailable if CBP=0 [CE4 anchor 0.01%| 0.00%| -0.02%| -0.05%| -0.09%| -0.09%|
1.3b IntralumaDir CE4 anchor -0.38%| -0.42%| -0.13%| -0.20%] -0.04%]| -0.10%|
13c IntralumaDir+Predhode+Avg CE4 anchor -0.41%| -0.45%| -027% -0.35%] -0.30%] -0.40%|
13c+i3a IntralumaDir+PredMode+Avg (unavailable if CBP=0) [CE4 anchor -0.35%| -0.39%| -021% -0.30%] -0.34%] -0.38%|
13c+i3a IntralumaDir+Predode +Avg (unavailable if CBP=0) 13c 0.06%| 0.07%| 0.06%| 0.04%| -0.04%| 0.02%|
1.3d Left or Above |CE4 anchor 0.01%| -0.02%| -0.03%| -0.03%| -0.07%| -0.03%|
13e IntralumaDir+(Left or Above) CE4 anchor -0.38%| -043%| -014%| -0.20%] -0.07%] -0.12%|
1.4 (+1.3b) Intral umaDir+InterhV [CE4 anchor -0.38%]| -0.42%| -046% -0.55%] -0.74%] -0.98%]
14 (+1.3.b) IntraLumaDir+InterhV. 13b 0.00%]| 0.00%]| -0.33%]| -0.35%)| -0.69%| -0.88%]
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Abstract

This document reports activity related to Core Experiment on Quantization (CE4).
This CE contains 3 subtests as follows:
Subtest 1: QP Coding

Subtest 2: De-quantization Offset

Subtest 3: Quantization Matrices

All mandatory results are verified by cross-checkers.
1 Subtest 1: QP Coding
Subtest 1 can be categorized as follows:
a) Finer rate controllability (1.1 & 1.2.c)

b) Coding Efficiency Improvement (Others)

1.1 Contribution List

Table 1.1.1

	Subtest
	Proponent
	Crosschecker

	1.1.a
	Motorola: JCTVC-G721
	Ericsson: JCTVC-G071

NEC: JCTVC-G113

	1.1.b
	(withdrawn)
	(withdrawn)

	1.2.a
	Mitsubishi: JCTVC-G462
	NEC: JCTVC-G054

	1.2.b
	Ericsson: JCTVC-G070
	NEC: JCTVC-G055

	1.2.c
	Samsung / NEC: JCTVC-G773
	Sony: JCTVC-G508

	1.3.a
	Sony: JCTVC-G363
	HiSilicon: JCTVC-G755

	1.3.b
	NEC/Canon: JCTVC-G066
	Mitsubishi: JCTVC-F460

	1.3.c
	NEC/Canon/Sony: JCTVC-G067
	Sharp: JCTVC-G313
Qualcomm: JCTVC-G731

	1.3.d
	Qualcomm: JCTVC-F728
	Motorola: JCTVC-G726

	1.3.e
	Qualcomm: JCTVC-F728
	I2R: JCTVC-G073

	1.4
	NEC/Qualcomm: JCTVC-G068
	Mitsubishi: JCTVC-F461


1.2 Anchor Software/Data Creation
At the 6th JCTVC meeting in Torino, QP adaptation with TM-5 Step3 is adopted into HM-4.0 as an encoding method. 
This QP adaptation is applied as anchor of CE4 subtest1. This is different from the anchor defined in [1]. In addition dQP rate is one of the evaluation criteria but HM-4.0 does not have functionality of dQP rate output. 

So anchor software and data have been created as follows:

· NEC distributed via CE4 ML patch to add dQP rate output functionality to HM-4.0

· CE4 anchor tests have been conducted by NEC with the following conditions


QP modulation: ±12


MaxCuDQPDepth: 


Mandatory: 3 (8x8) 


Option: 2 (16x16), 1 (32x32), 0 (64x64)

· The result is crosschecked by Sony.
1.3 Summary of Proposals on Finer Rate Controllability
Summary of the result on BD-rate and dQP increase with each subtest are shown in Table 1.3.1 and in Table 1.3.2 respectively. Results of each of the proposals in BD-rate are shown from Table 1.3.3 to 1.3.5.

Both with subtest 1.1 and with 1.2.c QP coding methods with better rate controllability are proposed. 
With 1.2.c scale=1 is finer QP granularity and scale=3 is coarser QP granularity.
As can be seen loss in coding efficiency is observed with these proposals. (Gain is observed with coarser QP granularity of 1.2.c). However, the purpose of these proposals is not coding efficiency improvement but finer rate controllability. 

On 1.2.c there are comments from a few experts that similar functionality can be realized with Quantization matrices that are being studied under CE4 subtest 3.

It is recommended that whether these functionality is needed in HEVC will be discussed at the meeting.

Table 1.3.1: Summary (BD-rate)
[image: image16.jpg]Results Wethod Reference AHE | AILC |RAHE|RALC [ LBHE|LBLC

12a Signalling of MinQP and MaxQP [CE4 anchor 11%| 55%| -1.3%| -67%| -1.7%| -7.3%)
1.2b [Table-based QP coding |CE4 anchor 47%| 59%| 33%| 30%| 20%| 1.0%)
13a unavailable if CBP=0 [CE4 anchor 0.1%| 0.1%| -0.8%| -1.0%| -1.6%| -2.0%)
1.3b IntralumaDir CE4 anchor 84%| 0.4%| 33%| 41%| -1.4%| -1.8%)
13c IntralumaDir+Predhode+Avg CE4 anchor 9.1%| -10.1%| -6.3%| -7.0%| -66%| -7.2%)
13c+i3a IntralumaDir+PredMode+Avg (unavailable if CBP=0) [CE4 anchor 7.9%| 87%| -61%| -69%| -65%| -7.6%)
13c+i3a IntralumaDir+Predode +Avg (unavailable if CBP=0) 13c 1.3%| 16%| 03%| 01%[ 01%[ -03%
1.3d Left or Above |CE4 anchor 0.3%| 0.4%| -0.4%| -05%| -0.7%| -0.8%)
13e IntralumaDir+(Left or Above) CE4 anchor 86%| 05%| -34%| -42%| -15%| -21%)
1.4 (+1.3b) Intral umaDir+InterhV [CE4 anchor -8.4%| -0.4%] 13 5%] -152%| -17.0%| -19.7%]
14 (+1.3.b) IntraLumaDir+InterhV. 13b 0.0%] 0.0%]| -10.5%]| -11.6%]| -15.9%)| -18.1%)





Table 1.3.2: Summary (BD-rate)
[image: image17.jpg]Results Wethod Reference AHE | AILC |RAHE|RALC | LBHE | LBLC
11a [TU-level dQP coding CE4 anchor 076%| 1.09%| 1.03%| 1.12%| 1.50%| 1.74%]
1.2 |Adaptive dQP scaling (interval = 1/2) [CE4 anchor 1.32%| 1.56%| 1.17%]| 1.51%| 1.42%| 1.86%)
12.c |Adaptive dQP scaling (interval = 3/2) (CE4 anchor 0.62%| -0.63%]| -0.55%| -0.66%]| -0.70%| -0.87%)





Table 1.3.3: Summary of 1.1.a (MaxCuDQPDepth = 3)
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	1.1%
	2.8%
	2.8%
	20.0%
	1.5%
	1.4%
	0.8%
	22.4%

	Class B
	1.0%
	2.7%
	3.5%
	15.3%
	1.4%
	1.0%
	1.1%
	17.8%

	Class C
	0.4%
	2.6%
	3.1%
	7.2%
	0.7%
	0.7%
	0.8%
	7.6%

	Class D
	0.3%
	2.1%
	2.3%
	6.0%
	0.5%
	0.5%
	0.5%
	5.8%

	Class E
	1.0%
	4.0%
	3.2%
	9.8%
	1.4%
	1.4%
	1.2%
	12.6%

	Class F
	0.4%
	1.7%
	2.1%
	5.2%
	0.8%
	0.9%
	1.0%
	6.6%

	Overall
	0.7%
	2.6%
	2.8%
	10.9%
	1.0%
	1.0%
	0.9%
	0.0%

	 
	0.7%
	2.6%
	2.8%
	
	1.0%
	1.0%
	0.9%
	 

	Enc Time[%]
	108%
	113%

	Dec Time[%]
	94%
	95%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	1.6%
	0.9%
	0.8%
	20.3%
	1.6%
	0.3%
	-0.1%
	20.7%

	Class B
	1.3%
	2.6%
	3.8%
	15.5%
	1.4%
	0.9%
	1.0%
	15.7%

	Class C
	0.7%
	1.8%
	2.0%
	9.5%
	0.8%
	0.6%
	0.8%
	9.4%

	Class D
	0.5%
	2.0%
	2.1%
	9.2%
	0.6%
	0.5%
	0.4%
	8.3%

	Class E
	 
	
	
	
	 
	
	
	 

	Class F
	0.6%
	2.0%
	2.1%
	7.9%
	0.6%
	1.2%
	1.1%
	8.6%

	Overall
	0.9%
	1.9%
	2.2%
	11.1%
	1.0%
	0.7%
	0.6%
	11.1%

	 
	0.9%
	1.8%
	2.2%
	
	1.0%
	0.7%
	0.7%
	 

	Enc Time[%]
	106%
	111%

	Dec Time[%]
	81%
	88%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	1.9%
	4.4%
	5.5%
	16.0%
	1.9%
	2.3%
	2.1%
	13.8%

	Class C
	1.1%
	2.4%
	3.0%
	10.5%
	1.2%
	1.9%
	1.8%
	10.1%

	Class D
	1.0%
	3.1%
	3.5%
	11.8%
	1.1%
	1.5%
	0.8%
	10.1%

	Class E
	2.1%
	6.2%
	4.3%
	11.6%
	3.0%
	5.1%
	4.1%
	17.1%

	Class F
	1.0%
	2.2%
	1.8%
	13.6%
	1.1%
	2.0%
	1.2%
	14.1%

	Overall
	1.4%
	3.6%
	3.7%
	10.8%
	1.6%
	2.4%
	1.9%
	10.8%

	 
	1.4%
	3.5%
	3.6%
	 
	1.6%
	2.5%
	1.9%
	 

	Enc Time[%]
	113%
	114%

	Dec Time[%]
	86%
	89%


Table 1.3.4: Summary of 1.2.c [Scale1]
	
	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
	1.1%
	0.6%
	0.7%
	30.5%
	1.2%
	0.7%
	0.6%
	35.2%

	Class B
	1.3%
	0.8%
	0.9%
	32.8%
	1.4%
	0.9%
	0.9%
	36.3%

	Class C
	1.4%
	0.8%
	0.8%
	31.4%
	1.7%
	1.0%
	1.1%
	36.3%

	Class D
	1.2%
	0.8%
	0.8%
	29.6%
	1.6%
	0.9%
	1.0%
	34.9%

	Class E
	1.7%
	1.6%
	1.5%
	30.9%
	2.0%
	1.6%
	1.6%
	35.7%

	All
	1.3%
	0.9%
	0.9%
	31.1%
	1.6%
	1.0%
	1.0%
	35.7%

	
	
	
	
	
	
	
	
	

	
	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
	1.0%
	0.4%
	0.0%
	28.8%
	1.3%
	0.5%
	0.3%
	34.2%

	Class B
	1.2%
	0.4%
	0.5%
	30.7%
	1.5%
	0.6%
	0.6%
	35.6%

	Class C
	1.3%
	0.6%
	0.7%
	29.4%
	1.7%
	0.9%
	1.1%
	34.9%

	Class D
	1.1%
	0.6%
	0.6%
	29.1%
	1.6%
	0.9%
	0.6%
	34.3%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	1.2%
	0.5%
	0.4%
	29.6%
	1.5%
	0.8%
	0.7%
	34.8%

	
	
	
	
	
	
	
	
	


	
	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
	1.4%
	1.2%
	1.4%
	29.7%
	1.8%
	1.5%
	1.2%
	35.3%

	Class C
	1.4%
	1.0%
	1.3%
	28.7%
	1.9%
	1.5%
	1.6%
	34.6%

	Class D
	1.3%
	0.8%
	1.9%
	28.8%
	1.9%
	1.3%
	1.3%
	33.8%

	Class E
	1.6%
	1.2%
	1.0%
	29.2%
	1.9%
	1.2%
	1.2%
	34.2%

	All
	1.4%
	1.0%
	1.4%
	29.1%
	1.9%
	1.4%
	1.3%
	34.5%


Table 1.3.5: Summary of 1.2.c [Scale3]
	
	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
	-0.6%
	-0.8%
	-0.8%
	-17.0%
	-0.5%
	-0.9%
	-0.9%
	-17.4%

	Class B
	-0.6%
	-1.0%
	-1.0%
	-17.6%
	-0.6%
	-1.0%
	-1.0%
	-17.4%

	Class C
	-0.6%
	-1.2%
	-1.1%
	-17.2%
	-0.7%
	-1.3%
	-1.2%
	-17.7%

	Class D
	-0.5%
	-0.9%
	-0.9%
	-16.5%
	-0.6%
	-1.1%
	-1.0%
	-17.5%

	Class E
	-0.9%
	-0.9%
	-0.8%
	-16.5%
	-0.8%
	-1.2%
	-1.2%
	-17.0%

	All
	-0.6%
	-1.0%
	-0.9%
	-17.0%
	-0.6%
	-1.1%
	-1.1%
	-17.4%

	
	
	
	
	
	
	
	
	

	
	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
	-0.5%
	-1.3%
	-0.9%
	-16.2%
	-0.6%
	-1.3%
	-1.3%
	-17.4%

	Class B
	-0.6%
	-1.4%
	-1.3%
	-16.9%
	-0.7%
	-1.6%
	-1.5%
	-17.6%

	Class C
	-0.6%
	-1.2%
	-1.3%
	-16.4%
	-0.7%
	-1.6%
	-1.2%
	-17.6%

	Class D
	-0.5%
	-1.1%
	-1.0%
	-16.5%
	-0.7%
	-1.5%
	-1.6%
	-17.7%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	All
	-0.6%
	-1.2%
	-1.1%
	-16.5%
	-0.7%
	-1.5%
	-1.4%
	-17.6%

	
	
	
	
	
	
	
	
	

	
	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
	-0.8%
	-0.7%
	-0.8%
	-16.5%
	-0.8%
	-0.9%
	-1.0%
	-17.8%

	Class C
	-0.8%
	-1.2%
	-0.7%
	-16.2%
	-0.9%
	-1.3%
	-1.1%
	-17.5%

	Class D
	-0.6%
	-1.3%
	-0.5%
	-16.5%
	-0.8%
	-1.4%
	-1.3%
	-17.7%

	Class E
	-0.6%
	0.1%
	-1.4%
	-16.3%
	-0.9%
	-2.1%
	-0.7%
	-17.4%

	All
	-0.7%
	-0.8%
	-0.8%
	-16.4%
	-0.9%
	-1.4%
	-1.1%
	-17.6%


1.4 Summary of Proposals on Coding Efficiency Improvement
Summary of the result on BD-rate and dQP increase with each subtest are shown in Table 1.4.1 and in Table 1.4.2 respectively. Results of each of the proposals in BD-rate are shown from Table 1.4.3 to 1.4.12.
For some of the subtests there have been discussions on CE4 ML or between the proponents and the cross-checkers/CE participants as follow:








[Subtest 1.4]
In terms of coding efficiency subtest 1.4 (temporal QP prediction) provides best result. 

However two concerns were raised on this proposal as follows:

· Under CE4 test condition picture-level rate control has not been implemented and only QP-adaptation at CU-level is applied. With this scenario temporal QP prediction with motion vector works, as QPs  of similar texture areas with different frames should be close. However in real applications it may not be true because rate control also works to avoid CPB overflow especially in CBR cases. The question is: Even with such case does the 1.4 method still works? An answer is shown from the proponent as follows: The 1.4 method has a mechanism to support picture-level rate control with a slice-level QP offset, and therefore it still works as long as such rate control can be performed at slice/picture level. More specifically, it still works when the buffer constraint is not so tight, or when the scene is stable and there is no need to change QPs at CU level. When the buffer constraint is tight and CU-level QP change is necessary to avoid CPB overflow, it might not work. For such cases, JCTVC-G068 also proposes a switching mechanism.

· Temporal QP prediction requires storage and memory access to extract QPs of reference frames. As JCTVC-G054 and the related analysis report JCTVC-G213 mention, the amount of storage is  small compared with the one for temporal motion vector prediction. However, the 1.4 method requires address calculation with motion vector information to extract reference QP. The cost of this implementation might not be small. 

It is recommended that these issues be discussed during the meeting.

[Subtest 1.2.a]
It is pointed out by the cross-checker that 2-pass encoding would be necessary with the proposing method as encoder need to know the minQP and maxQP values at the start of slice. One way to avoid this problem is to set minQP as 0 and maxQP as 51 but it causes loss in coding efficiency. 

Another issue to be discussed is throughput: with the proposed method there is a dependency between tables for entropy coding of dQP and the values of min/maxQP.
It is recommended that these issues be discussed during the meeting.

[Subtest 1.2.b]

Under CE4 test condition loss in coding efficiency is observed as shown in Table 1.4.4. 
However in addition to CE4 test condition the proponent tested other encoding method. They prepared macro F492_SPARSE_MODE for this optional encoding method. If it is set as 0 TM-5 step3 with QP modulation by ±12 is adopted: that is, the value of QP=refQP±0,1,2 … 12. If it is set as 1 it will be refQP±0,2,4,… 12. 

As shown in Table 1.4.5 and 1.4.6 gain is observed with F492_SPARSE_MODE=1 and 2. 

One expert pointed out that coding efficiency improvement can also be obtained with the proposal of 1.2.c (scale = 3). 

It is recommended that how is gain be regarded for consideration of adoption be discussed during the meeting. 
[Subtest 1.3.c & 1.3.e]

During the processing of cross-checking of subtest 1.3.c, a bug has been found as follows. According to the proposal spatial QP prediction based on intra prediction direction is applied when a CU is intra-coded and the mode is other than PCM, DC and Planar. However in the S/W for CE4, Planar mode is not correctly handled. More specifically, in the code for subtest 1.3.c, the branch condition for deriving spatial QP prediction from intra prediction direction, (iIntraDirOrder != 0), should be replaced with (iIntraDirOrder != 0 && iIntraDirOrder != 34).
This bug has been fixed and the revised result with cross-check has become available by the start of the meeting. 
Other than 1.4 (Temporal QP Prediction) 1.3.c performs best in terms of coding efficiency. 

Information like intra prediction mode or intra/inter mode is stored in buffer for other purposes like deblocking, so overhead with making use of this information for QP prediction is zero. 
It is recommended to consider 1.3.c as a candidate for adoption. 
Table 1.4.1 Summary: BD-rate
[image: image18.jpg]Results Wethod Reference AHE | AILC |RAHE|RALC | LBHE |LBLC
11a [TU-level dQP coding CE4 anchor 12.0%| 13.6%| 13.7%| 13.6%| 12.7%| 12.7%)
1.2 |Adaptive dQP scaling (interval = 1/2) [CE4 anchor 31.1%)| 35.7%| 29.6%| 34.8%| 29.1%| 34.5%
12.c |Adaptive dQP scaling (interval = 3/2) (CE4 anchor 17.0%| 17.4%| 16.5%| 17.6%| -16.4%| —17.6%)





Table 1.4.2 Summary: dQP incr

Table 1.4.3 Summary of Subtest 1.2.a
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QP incr.

Y

U

V

d

QP incr.

Class A

0.0%

0.1%

-0.3%

-1.1%

-0.2%

-0.2%

-0.2%

-6.9%

Class B

0.0%

0.0%

0.0%

-0.6%

-0.2%

-0.2%

-0.2%

-5.6%

Class C

0.0%

0.0%

-0.1%

-1.3%

-0.3%

-0.2%

-0.2%

-6.8%

Class D

0.2%

0.3%

0.1%

-2.1%

-0.1%

-0.1%

-0.1%

-7.7%

Class E

Overall

0.0%

0.1%

0.0%

-1.3%

-0.2%

-0.2%

-0.2%

-6.7%

0.0%

0.1%

-0.1%

-0.2%

-0.2%

-0.2%

Enc Time[%]

Dec Time[%]

Y

U

V

d

QP incr.

Y

U

V

d

QP incr.

Class A

Class B

0.0%

0.2%

-0.3%

-0.8%

-0.3%

-0.3%

-0.3%

-6.1%

Class C

0.0%

-0.2%

0.2%

-1.5%

-0.3%

-0.3%

-0.3%

-7.2%

Class D

0.1%

-0.1%

0.4%

-2.1%

-0.2%

-0.2%

-0.2%

-7.8%

Class E

0.1%

1.2%

-0.4%

-3.1%

-0.3%

-0.3%

-0.3%

-8.8%

Overall

0.0%

0.2%

0.0%

-1.7%

-0.3%

-0.3%

-0.3%

-7.3%

0.0%

0.2%

0.1%

-0.3%

-0.3%

-0.3%

Enc Time[%]

Dec Time[%]

97%

98%

106%

96%

101%

Random Access LC

Random Access HE

97%

92%

92%

Low delay B LC

All Intra LC

104%

All Intra HE

97%

101%

Low delay B HE

98%


Table 1.4.4 Summary of Subtest 1.2.b (sparse_mode = 0)
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	0.2%
	0.1%
	0.2%
	5.6%
	0.2%
	0.2%
	0.2%
	7.0%

	Class B
	0.2%
	0.2%
	0.2%
	5.6%
	0.2%
	0.2%
	0.2%
	6.6%

	Class C
	0.1%
	0.1%
	0.1%
	3.7%
	0.2%
	0.2%
	0.2%
	4.6%

	Class D
	0.2%
	0.2%
	0.2%
	5.1%
	0.2%
	0.2%
	0.2%
	6.0%

	Class E
	0.2%
	0.1%
	0.2%
	2.9%
	0.3%
	0.3%
	0.3%
	4.7%

	Overall
	0.2%
	0.1%
	0.2%
	4.7%
	0.2%
	0.2%
	0.2%
	5.9%

	　
	0.2%
	0.1%
	0.2%
	
	0.2%
	0.2%
	0.2%
	　

	Enc Time[%]
	97%
	97%

	Dec Time[%]
	98%
	98%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	0.2%
	0.3%
	0.2%
	4.3%
	0.1%
	0.1%
	0.0%
	4.2%

	Class B
	0.1%
	0.1%
	0.1%
	3.6%
	0.1%
	0.1%
	0.1%
	3.5%

	Class C
	0.1%
	0.1%
	-0.2%
	2.3%
	0.1%
	0.1%
	0.1%
	1.9%

	Class D
	0.1%
	0.0%
	0.1%
	3.0%
	0.1%
	0.1%
	0.1%
	2.2%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	Overall
	0.1%
	0.1%
	0.1%
	3.3%
	0.1%
	0.1%
	0.1%
	3.0%

	　
	0.1%
	0.1%
	0.0%
	
	0.1%
	0.1%
	0.1%
	　

	Enc Time[%]
	98%
	98%

	Dec Time[%]
	98%
	98%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.1%
	0.3%
	0.0%
	2.6%
	0.1%
	0.1%
	0.0%
	2.1%

	Class C
	0.0%
	0.0%
	0.1%
	1.7%
	0.0%
	0.1%
	0.1%
	0.9%

	Class D
	0.1%
	0.0%
	0.5%
	2.1%
	0.0%
	0.1%
	0.0%
	0.8%

	Class E
	0.1%
	0.3%
	0.1%
	1.0%
	-0.1%
	-0.4%
	-0.1%
	-0.5%

	Overall
	0.1%
	0.2%
	0.2%
	2.0%
	0.0%
	0.0%
	0.0%
	1.0%

	　
	0.1%
	0.1%
	0.2%
	　
	0.0%
	0.0%
	0.0%
	　

	Enc Time[%]
	98%
	98%

	Dec Time[%]
	98%
	100%


Table 1.4.5 Summary of Subtest 1.2.b (sparse_mode = 1)
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.4%
	-0.4%
	-0.3%
	-11.9%
	-0.9%
	-0.8%
	-0.8%
	-26.4%

	Class B
	-0.4%
	-0.3%
	-0.3%
	-11.2%
	-1.0%
	-0.9%
	-0.9%
	-26.4%

	Class C
	-0.5%
	-0.4%
	-0.4%
	-13.5%
	-1.3%
	-1.2%
	-1.2%
	-27.8%

	Class D
	-0.5%
	-0.4%
	-0.4%
	-12.8%
	-1.2%
	-1.1%
	-1.1%
	-27.2%

	Class E
	-0.7%
	-0.6%
	-0.6%
	-14.1%
	-1.6%
	-1.5%
	-1.5%
	-27.6%

	Overall
	-0.5%
	-0.4%
	-0.4%
	-12.6%
	-1.2%
	-1.1%
	-1.1%
	-27.0%

	　
	-0.5%
	-0.4%
	-0.4%
	
	-1.2%
	-1.1%
	-1.1%
	　

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.4%
	-0.5%
	-0.5%
	-14.6%
	-1.0%
	-1.0%
	-1.0%
	-28.9%

	Class B
	-0.5%
	-0.5%
	-0.5%
	-14.7%
	-1.2%
	-1.2%
	-1.2%
	-29.4%

	Class C
	-0.6%
	-0.5%
	-0.5%
	-16.2%
	-1.5%
	-1.4%
	-1.4%
	-30.2%

	Class D
	-0.5%
	-0.7%
	-0.8%
	-15.4%
	-1.3%
	-1.4%
	-1.3%
	-29.4%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	Overall
	-0.5%
	-0.5%
	-0.6%
	-15.2%
	-1.3%
	-1.2%
	-1.2%
	-29.5%

	　
	-0.5%
	-0.6%
	-0.6%
	
	-1.3%
	-1.2%
	-1.2%
	　

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	99%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.6%
	-0.6%
	-0.4%
	-16.1%
	-1.5%
	-1.4%
	-1.4%
	-30.8%

	Class C
	-0.8%
	-0.8%
	-0.8%
	-17.0%
	-1.8%
	-1.8%
	-1.7%
	-31.1%

	Class D
	-0.7%
	-0.4%
	-0.3%
	-16.4%
	-1.6%
	-1.6%
	-1.9%
	-30.2%

	Class E
	-0.7%
	-1.0%
	-1.5%
	-17.8%
	-1.9%
	-2.0%
	-2.2%
	-31.8%

	Overall
	-0.7%
	-0.7%
	-0.6%
	-16.7%
	-1.7%
	-1.7%
	-1.7%
	-30.9%

	　
	-0.7%
	-0.7%
	-0.6%
	　
	-1.7%
	-1.7%
	-1.7%
	　

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	100%
	99%


Table 1.4.6 Summary of Subtest 1.2.b (sparse_mode = 2)
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.8%
	-0.8%
	-0.8%
	-30.3%
	-0.8%
	-0.8%
	-0.7%
	-28.2%

	Class B
	-1.0%
	-0.9%
	-0.9%
	-31.0%
	-0.9%
	-0.8%
	-0.8%
	-26.9%

	Class C
	-1.2%
	-1.1%
	-1.0%
	-32.2%
	-1.2%
	-1.1%
	-1.1%
	-28.8%

	Class D
	-1.1%
	-1.0%
	-1.0%
	-30.9%
	-1.1%
	-1.0%
	-1.0%
	-28.6%

	Class E
	-1.5%
	-1.4%
	-1.5%
	-32.2%
	-1.5%
	-1.4%
	-1.4%
	-29.0%

	Overall
	-1.1%
	-1.0%
	-1.0%
	-31.2%
	-1.1%
	-1.0%
	-1.0%
	-28.2%

	　
	-1.1%
	-1.0%
	-1.0%
	
	-1.1%
	-1.0%
	-1.0%
	　

	Enc Time[%]
	104%
	102%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-1.0%
	-1.3%
	-0.8%
	-32.7%
	-0.9%
	-0.9%
	-0.8%
	-31.1%

	Class B
	-1.1%
	-1.0%
	-1.1%
	-33.9%
	-1.1%
	-1.1%
	-1.1%
	-30.7%

	Class C
	-1.2%
	-1.2%
	-1.2%
	-33.9%
	-1.3%
	-1.3%
	-1.3%
	-32.0%

	Class D
	-1.1%
	-1.2%
	-0.9%
	-32.8%
	-1.2%
	-1.2%
	-1.2%
	-31.6%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	Overall
	-1.1%
	-1.2%
	-1.0%
	-33.4%
	-1.1%
	-1.1%
	-1.1%
	-31.3%

	　
	-1.1%
	-1.2%
	-1.0%
	
	-1.2%
	-1.1%
	-1.1%
	　

	Enc Time[%]
	103%
	105%

	Dec Time[%]
	103%
	105%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-1.4%
	-1.4%
	-1.0%
	-35.0%
	-1.4%
	-1.4%
	-1.2%
	-32.5%

	Class C
	-1.5%
	-1.3%
	-2.1%
	-34.7%
	-1.7%
	-1.7%
	-1.5%
	-33.2%

	Class D
	-1.3%
	-1.1%
	-1.3%
	-33.6%
	-1.5%
	-1.6%
	-1.4%
	-32.7%

	Class E
	-1.5%
	0.0%
	-1.4%
	-34.6%
	-1.7%
	-1.4%
	-1.8%
	-33.8%

	Overall
	-1.4%
	-1.0%
	-1.4%
	-34.5%
	-1.6%
	-1.5%
	-1.5%
	-32.9%

	　
	-1.4%
	-1.1%
	-1.4%
	　
	-1.6%
	-1.5%
	-1.5%
	　

	Enc Time[%]
	103%
	102%

	Dec Time[%]
	102%
	103%


Table 1.4.7 Summary of Subtest 1.3.a

	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	0.0%
	0.0%
	0.0%
	0.3%
	0.0%
	0.0%
	0.0%
	0.3%

	Class B
	0.0%
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%
	0.0%
	0.2%

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

	Class D
	0.0%
	0.0%
	0.0%
	0.2%
	0.0%
	0.0%
	0.0%
	0.2%

	Class E
	0.0%
	-0.1%
	0.0%
	-0.3%
	0.0%
	0.0%
	0.0%
	-0.1%

	Overall
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%
	0.1%

	 
	0.0%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.0%
	 

	Enc Time[%]
	#NUM!
	#NUM!

	Dec Time[%]
	#NUM!
	#NUM!

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	0.0%
	-0.1%
	-0.1%
	-0.5%
	-0.1%
	-0.1%
	-0.1%
	-0.8%

	Class B
	0.0%
	0.0%
	-0.1%
	-1.1%
	0.0%
	-0.1%
	-0.2%
	-1.3%

	Class C
	0.0%
	0.0%
	-0.1%
	-0.8%
	-0.1%
	-0.1%
	0.0%
	-1.1%

	Class D
	0.0%
	0.0%
	0.0%
	-0.7%
	0.0%
	-0.1%
	0.0%
	-0.8%

	Class E
	 
	 
	 
	 
	 
	 
	 
	 

	Overall
	0.0%
	0.0%
	-0.1%
	-0.8%
	0.0%
	-0.1%
	-0.1%
	-1.0%

	 
	0.0%
	0.0%
	-0.1%
	
	0.0%
	-0.1%
	-0.1%
	 

	Enc Time[%]
	#NUM!
	#NUM!

	Dec Time[%]
	#NUM!
	#NUM!

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	-0.1%
	-0.1%
	-0.1%
	-1.8%
	-0.1%
	-0.1%
	-0.2%
	-2.1%

	Class C
	-0.1%
	-0.2%
	-0.2%
	-1.3%
	-0.1%
	-0.3%
	0.0%
	-1.6%

	Class D
	-0.1%
	-0.6%
	0.5%
	-1.0%
	0.0%
	-0.1%
	-0.4%
	-1.2%

	Class E
	-0.1%
	-0.6%
	-0.4%
	-2.6%
	-0.1%
	-0.8%
	-0.6%
	-3.2%

	Overall
	-0.1%
	-0.4%
	0.0%
	-1.6%
	-0.1%
	-0.3%
	-0.3%
	-2.0%

	 
	-0.1%
	-0.3%
	0.0%
	 
	-0.1%
	-0.3%
	-0.3%
	 

	Enc Time[%]
	#NUM!
	#NUM!

	Dec Time[%]
	#NUM!
	#NUM!


Table 1.4.8 Summary of Subtest 1.3.b
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.2%
	-0.1%
	-0.2%
	-4.7%
	-0.2%
	-0.2%
	-0.2%
	-5.3%

	Class B
	-0.3%
	-0.3%
	-0.3%
	-7.7%
	-0.3%
	-0.3%
	-0.3%
	-8.6%

	Class C
	-0.4%
	-0.4%
	-0.4%
	-9.1%
	-0.5%
	-0.4%
	-0.4%
	-10.4%

	Class D
	-0.3%
	-0.3%
	-0.3%
	-8.4%
	-0.4%
	-0.4%
	-0.4%
	-9.8%

	Class E
	-0.7%
	-0.7%
	-0.7%
	-13.5%
	-0.8%
	-0.7%
	-0.8%
	-14.3%

	Overall
	-0.4%
	-0.3%
	-0.4%
	-8.4%
	-0.4%
	-0.4%
	-0.4%
	-9.4%

	　
	-0.4%
	-0.3%
	-0.4%
	
	-0.4%
	-0.4%
	-0.4%
	　

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	0.0%
	-0.2%
	-0.5%
	-2.0%
	-0.1%
	-0.1%
	-0.3%
	-2.3%

	Class B
	-0.1%
	-0.1%
	0.0%
	-3.5%
	-0.2%
	-0.2%
	-0.2%
	-4.3%

	Class C
	-0.2%
	-0.1%
	-0.2%
	-4.3%
	-0.3%
	-0.3%
	-0.3%
	-5.4%

	Class D
	-0.1%
	0.1%
	0.1%
	-3.5%
	-0.2%
	-0.3%
	-0.1%
	-4.3%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	Overall
	-0.1%
	-0.1%
	-0.2%
	-3.3%
	-0.2%
	-0.2%
	-0.2%
	-4.1%

	　
	-0.1%
	-0.1%
	-0.2%
	
	-0.2%
	-0.2%
	-0.2%
	　

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	100%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	0.0%
	0.0%
	-0.3%
	-1.2%
	-0.1%
	0.0%
	-0.3%
	-1.8%

	Class C
	-0.1%
	-0.3%
	-0.1%
	-2.0%
	-0.2%
	-0.1%
	0.0%
	-2.5%

	Class D
	-0.1%
	-0.7%
	0.0%
	-1.4%
	-0.1%
	-0.2%
	-0.5%
	-2.0%

	Class E
	0.1%
	0.3%
	0.0%
	-0.8%
	0.0%
	-0.7%
	-0.5%
	-0.8%

	Overall
	0.0%
	-0.2%
	-0.1%
	-1.4%
	-0.1%
	-0.2%
	-0.3%
	-1.8%

	　
	0.0%
	-0.1%
	-0.1%
	　
	-0.1%
	-0.2%
	-0.3%
	　

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	100%


Table 1.4.9 Summary of Subtest 1.3.c
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.2%
	-0.3%
	-0.3%
	-6.5%
	-0.2%
	-0.2%
	-0.2%
	-6.6%

	Class B
	-0.4%
	-0.4%
	-0.4%
	-9.8%
	-0.4%
	-0.4%
	-0.4%
	-10.2%

	Class C
	-0.5%
	-0.5%
	-0.4%
	-11.3%
	-0.6%
	-0.5%
	-0.5%
	-12.3%

	Class D
	-0.5%
	-0.4%
	-0.4%
	-10.8%
	-0.5%
	-0.5%
	-0.5%
	-12.0%

	Class E
	-0.8%
	-0.8%
	-0.8%
	-14.7%
	-0.8%
	-0.8%
	-0.8%
	-15.3%

	Overall
	-0.5%
	-0.4%
	-0.4%
	-10.4%
	-0.5%
	-0.5%
	-0.5%
	-11.0%

	　
	-0.5%
	-0.4%
	-0.4%
	
	-0.5%
	-0.5%
	-0.5%
	　

	Enc Time[%]
	101%
	99%

	Dec Time[%]
	101%
	100%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.2%
	0.2%
	-0.3%
	-4.7%
	-0.3%
	-0.2%
	-0.3%
	-4.6%

	Class B
	-0.3%
	-0.3%
	-0.2%
	-6.5%
	-0.3%
	-0.3%
	-0.4%
	-6.9%

	Class C
	-0.4%
	-0.4%
	-0.5%
	-9.0%
	-0.5%
	-0.5%
	-0.5%
	-10.3%

	Class D
	-0.3%
	-0.2%
	-0.1%
	-7.9%
	-0.4%
	-0.5%
	-0.5%
	-9.0%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	Overall
	-0.3%
	-0.2%
	-0.3%
	-7.0%
	-0.4%
	-0.4%
	-0.4%
	-7.6%

	　
	-0.3%
	-0.2%
	-0.3%
	
	-0.4%
	-0.4%
	-0.4%
	　

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	102%
	101%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.2%
	-0.2%
	-0.3%
	-5.4%
	-0.3%
	-0.4%
	-0.4%
	-5.2%

	Class C
	-0.4%
	-0.5%
	-0.3%
	-7.8%
	-0.6%
	-0.6%
	-0.4%
	-9.0%

	Class D
	-0.4%
	-0.3%
	-0.3%
	-7.0%
	-0.4%
	-0.3%
	-0.7%
	-8.0%

	Class E
	-0.4%
	-1.0%
	-0.6%
	-8.4%
	-0.5%
	-1.1%
	-0.7%
	-8.4%

	Overall
	-0.4%
	-0.4%
	-0.3%
	-7.0%
	-0.4%
	-0.5%
	-0.5%
	-7.5%

	　
	-0.4%
	-0.5%
	-0.3%
	　
	-0.4%
	-0.5%
	-0.6%
	　

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	101%
	100%


	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	

	
	
	

	
	
	
	
	
	
	
	
	

	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	

	
	
	

	
	
	
	
	
	
	
	
	

	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	

	
	
	


Table 1.4.10 Summary of Subtest 1.3.d
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

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

	Class C
	0.0%
	0.0%
	0.0%
	-0.3%
	0.0%
	0.0%
	0.0%
	-0.4%

	Class D
	0.0%
	0.0%
	0.0%
	-0.5%
	0.0%
	0.0%
	0.0%
	-0.6%

	Class E
	0.0%
	0.0%
	0.0%
	-0.4%
	0.0%
	0.0%
	0.0%
	-0.5%

	Overall
	0.0%
	0.0%
	0.0%
	-0.3%
	0.0%
	0.0%
	0.0%
	-0.4%

	 
	0.0%
	0.0%
	0.0%
	
	0.0%
	0.0%
	0.0%
	 

	Enc Time[%]
	79%
	89%

	Dec Time[%]
	284%
	92%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

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

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

	Class C
	0.0%
	0.0%
	0.0%
	-0.4%
	0.0%
	0.0%
	0.0%
	-0.7%

	Class D
	0.0%
	0.0%
	0.0%
	-0.6%
	0.0%
	-0.2%
	0.0%
	-0.7%

	Class E
	 
	 
	 
	 
	 
	 
	 
	 

	Overall
	0.0%
	0.0%
	0.0%
	-0.4%
	0.0%
	-0.1%
	-0.1%
	-0.5%

	 
	0.0%
	0.0%
	0.0%
	
	0.0%
	-0.1%
	-0.1%
	 

	Enc Time[%]
	93%
	100%

	Dec Time[%]
	95%
	94%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	 
	 
	 
	 
	 
	 
	 
	 

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

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

	Class D
	-0.1%
	-0.3%
	0.5%
	-0.6%
	0.0%
	0.1%
	-0.1%
	-0.7%

	Class E
	-0.1%
	-0.4%
	-0.9%
	-1.7%
	-0.1%
	-0.8%
	-0.5%
	-1.6%

	Overall
	-0.1%
	-0.1%
	-0.1%
	-0.7%
	0.0%
	-0.1%
	-0.1%
	-0.8%

	 
	-0.1%
	-0.2%
	-0.1%
	 
	0.0%
	-0.1%
	-0.1%
	 

	Enc Time[%]
	86%
	91%

	Dec Time[%]
	82%
	84%


Table 1.4.11 Summary of Subtest 1.3.e
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.2%
	-0.1%
	-0.2%
	-4.9%
	-0.2%
	-0.2%
	-0.2%
	-5.4%

	Class B
	-0.3%
	-0.3%
	-0.3%
	-7.9%
	-0.3%
	-0.3%
	-0.3%
	-8.7%

	Class C
	-0.4%
	-0.4%
	-0.4%
	-9.3%
	-0.5%
	-0.5%
	-0.5%
	-10.5%

	Class D
	-0.4%
	-0.3%
	-0.3%
	-8.6%
	-0.4%
	-0.4%
	-0.4%
	-10.0%

	Class E
	-0.7%
	-0.8%
	-0.7%
	-13.5%
	-0.8%
	-0.7%
	-0.8%
	-14.3%

	Overall
	-0.4%
	-0.4%
	-0.4%
	-8.6%
	-0.4%
	-0.4%
	-0.4%
	-9.5%

	 
	-0.4%
	-0.4%
	-0.4%
	
	-0.4%
	-0.4%
	-0.4%
	 

	Enc Time[%]
	102%
	99%

	Dec Time[%]
	103%
	101%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.1%
	-0.1%
	-0.3%
	-1.7%
	-0.1%
	-0.1%
	-0.2%
	-2.0%

	Class B
	-0.2%
	-0.2%
	-0.1%
	-3.6%
	-0.2%
	-0.2%
	-0.2%
	-4.3%

	Class C
	-0.2%
	-0.1%
	-0.3%
	-4.7%
	-0.3%
	-0.4%
	-0.4%
	-5.9%

	Class D
	-0.1%
	0.1%
	-0.1%
	-3.7%
	-0.2%
	-0.4%
	-0.1%
	-4.7%

	Class E
	 
	 
	 
	 
	 
	 
	 
	 

	Overall
	-0.1%
	-0.1%
	-0.2%
	-3.4%
	-0.2%
	-0.3%
	-0.2%
	-4.2%

	 
	-0.1%
	0.0%
	-0.2%
	
	-0.2%
	-0.3%
	-0.2%
	 

	Enc Time[%]
	100%
	104%

	Dec Time[%]
	100%
	105%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	-0.1%
	0.1%
	0.0%
	-1.5%
	-0.1%
	-0.1%
	-0.2%
	-1.9%

	Class C
	-0.1%
	-0.1%
	0.2%
	-2.2%
	-0.2%
	-0.1%
	-0.2%
	-3.1%

	Class D
	-0.1%
	-0.5%
	0.1%
	-1.5%
	-0.1%
	-0.5%
	-0.6%
	-2.4%

	Class E
	0.0%
	0.2%
	0.1%
	-0.5%
	-0.1%
	-0.9%
	-0.5%
	-0.8%

	Overall
	-0.1%
	-0.1%
	0.1%
	-1.5%
	-0.1%
	-0.4%
	-0.4%
	-2.1%

	 
	-0.1%
	-0.1%
	0.1%
	 
	-0.1%
	-0.3%
	-0.4%
	 

	Enc Time[%]
	102%
	101%

	Dec Time[%]
	103%
	103%


Table 1.4.12 Summary of Subtest 1.4
	
	All Intra HE
	All Intra LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.2%
	-0.1%
	-0.2%
	-4.7%
	-0.2%
	-0.2%
	-0.2%
	-5.3%

	Class B
	-0.3%
	-0.3%
	-0.3%
	-7.7%
	-0.3%
	-0.3%
	-0.3%
	-8.6%

	Class C
	-0.4%
	-0.4%
	-0.4%
	-9.1%
	-0.5%
	-0.4%
	-0.4%
	-10.4%

	Class D
	-0.3%
	-0.3%
	-0.3%
	-8.4%
	-0.4%
	-0.4%
	-0.4%
	-9.8%

	Class E
	-0.7%
	-0.7%
	-0.7%
	-13.5%
	-0.8%
	-0.7%
	-0.8%
	-14.3%

	Overall
	-0.4%
	-0.3%
	-0.4%
	-8.4%
	-0.4%
	-0.4%
	-0.4%
	-9.4%

	　
	-0.4%
	-0.3%
	-0.4%
	
	-0.4%
	-0.4%
	-0.4%
	　

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	101%
	101%

	
	
	
	
	
	
	
	
	

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	-0.3%
	-0.5%
	-0.6%
	-11.7%
	-0.3%
	-0.5%
	-0.7%
	-12.5%

	Class B
	-0.4%
	-0.5%
	-0.5%
	-13.2%
	-0.5%
	-0.6%
	-0.6%
	-14.7%

	Class C
	-0.6%
	-0.5%
	-0.7%
	-14.6%
	-0.7%
	-0.9%
	-0.9%
	-17.1%

	Class D
	-0.5%
	-0.4%
	-0.4%
	-14.4%
	-0.7%
	-0.8%
	-0.7%
	-16.6%

	Class E
	　
	　
	　
	　
	　
	　
	　
	　

	Overall
	-0.5%
	-0.5%
	-0.6%
	-13.5%
	-0.6%
	-0.7%
	-0.7%
	-15.2%

	　
	-0.5%
	-0.5%
	-0.5%
	
	-0.6%
	-0.7%
	-0.7%
	　

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	101%
	100%

	
	
	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	dQP incr.
	Y
	U
	V
	dQP incr.

	Class A
	　
	　
	　
	　
	　
	　
	　
	　

	Class B
	-0.6%
	-0.7%
	-0.8%
	-15.6%
	-0.7%
	-0.8%
	-0.9%
	-17.6%

	Class C
	-0.8%
	-0.9%
	-0.7%
	-16.1%
	-1.0%
	-1.0%
	-1.0%
	-19.0%

	Class D
	-0.7%
	-1.2%
	-0.6%
	-16.7%
	-1.0%
	-1.1%
	-1.1%
	-19.6%

	Class E
	-0.9%
	-0.8%
	-1.0%
	-21.1%
	-1.3%
	-1.9%
	-1.6%
	-24.1%

	Overall
	-0.7%
	-0.9%
	-0.8%
	-17.0%
	-1.0%
	-1.2%
	-1.1%
	-19.7%

	　
	-0.7%
	-0.9%
	-0.8%
	　
	-1.0%
	-1.2%
	-1.1%
	　

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	102%
	101%


2 Subtest 2: De-quantization Offset

2.1 Document list and cross-check assignment

	Core Experiments
	Technology
	Proponent(s)
	Cross-checker(s)

	CE4.2.1
	Adaptive de-quantization offset (AQO)
	MediaTek (JCTVC-G278)
	CE4.2.1.a: I2R (JCTVC-G074)

CE4.2.1.b: Huawei (JCTVC-G901)

CE4.2.1.c: HKUST (JCTVC-G140)

CE4.2.1.d: RIM (JCTVC-G660)

	CE4.2.2
	Adaptive reconstruction level (ARL)
	RIM (JCTVC-G382)
	CE4.2.1.a: Microsoft (JCTVC-G403), MediaTek (JCTVC-G557)

CE4.2.1.b: Huawei (JCTVC-G902), Microsoft (JCTVC-G403)

CE4.2.1.c: Samsung (JCTVC-G823), Microsoft (JCTVC-G403)

CE4.2.1.d: HKUST (JCTVC-G141), Microsoft (JCTVC-G403)

	CE4.2.3
	Fine-QP
	Qualcomm (JCTVC-G843)
	CE4.2.1.a: MediaTek (JCTVC-G560)

CE4.2.1.b: Nokia (JCTVC-Gxxx)

CE4.2.1.c: RIM (JCTVC-G662)

CE4.2.1.d: I2R (JCTVC- G074)


2.2 Summary of proposed method

2.2.1 De-quantization in HEVC

As a reference, the current de-quantization process in HEVC can be formulated as follows.
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Where 
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 and 
[image: image4.wmf]'
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are reconstructed and quantized transformed coefficients, respectively, Q denotes the quantization step.

2.2.2 AQO (JCTVC-G278)
With AQO, the de-quantization in HEVC is proposed to be changed as follows.
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Where ∆ is the so-called de-quantization offset. ∆ of Y, U and V components are to be signaled in slice headers. In total, three values are signaled in each slice header.
2.2.3 ARL (JCTVC-G382)
With ARL, the de-quantization in HEVC is proposed to be changed as follows.
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Where ∆s and ∆b are two offsets. ∆s and ∆b of inter luma, inter chroma, intra luma and intra chroma components are to be signaled in slice headers. With skipping flag design, zero to eight (2x4) values are signaled in a slice header. 
2.2.4 Fine-QP (JCTVC-G843)
With Fine-QP, the de-quantization in HEVC is proposed to be changed as follows.
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Where ∆ is a base offset. ∆ of inter luma, inter chroma, intra luma and intra chroma components are to be differentially signaled in slice headers based on previously coded frames. With skipping flag design, zero to four values are signaled in a slice header. 
2.3 Experimental results
According to CE4 description JCTVC-F904, four cases shall be tested in this subtest. Based on PCHIP-BD-rate, the experimental results are summarized as follows. Note that the timing information in the following tables is not quite reliable. Please also note that all the proponents share the same opinion that all the proposed methods have almost the same running time as that of the HM-4.0 anchor. 

2.3.1 Test A
In this test case, the three methods are compared to HM4.0 anchor. 
[image: image8.emf]Y U V RVM Y U V RVM Y U V RVM

RAHE -1.1% -2.8% -3.1% - -1.0% -4.2% -4.1% - -0.9% -2.8% -2.8% -

RALC -1.4% -3.0% -3.1% - -1.7% -5.6% -5.7% - -1.3% -4.6% -4.6% -

LBHE -1.1% -0.7% -0.7% 101.0% -1.6% -4.5% -4.5% 104.0% -1.2% -2.4% -2.5% 105.3%

LBLC -1.5% -1.1% -1.2% 101.9% -2.2% -5.7% -6.0% 104.5% -1.8% -4.3% -4.8% 104.9%

Aver -1.3% -1.9% -2.0% 101.4% -1.6% -5.0% -5.1% 104.2% -1.3% -3.6% -3.7% 105.1%

AQO (JCTVC-G278) FINE-QP (JCTVC-G843) ARL (JCTVC-G382)


2.3.2 Test B
In this test case, the three methods are compared to HM4.0 anchor with following rate constraint: The average bitrate mismatch between one proposed method and HM4.0 anchor shall be within 2% for each temporal level in the tests of all sequences and QP settings. For the purpose of obtaining the target bitrate of each temporal level, Lambda tuning is allowed.

To meet the rate constraints, a script tool (JCTVC-G678) was used to iteratively tune lambda. Note that this tool is not designed to guarantee the best RD performance. Therefore, the coding performance is not as good as that reported in test A.
[image: image9.emf]Y U V RVM Y U V RVM Y U V RVM

RAHE -0.4% -0.5% -0.6% - -0.7% -3.8% -3.6% - #VALUE!#VALUE!#VALUE! -

RALC -1.0% -0.4% -0.4% - -1.5% -5.0% -5.0% - #VALUE!#VALUE!#VALUE! -

LBHE -1.0% -0.5% -0.8% 99.2% -1.4% -4.3% -4.0% 0.0% #VALUE!#VALUE!#VALUE! 0.0%

LBLC -1.5% -0.8% -1.1% 99.3% -2.0% -6.2% -6.5% 0.0% #VALUE!#VALUE!#VALUE! 0.0%

Aver -1.0% -0.6% -0.7% 99.3% -1.4% -4.8% -4.8% 0.0% #VALUE!#VALUE!#VALUE! 0.0%

AQO (JCTVC-G278) FINE-QP (JCTVC-G843) ARL (JCTVC-G382)


2.3.3 Test C
In this test case, the three methods are compared to HM4.0 + QP rounding.
[image: image10.emf]Y U V RVM Y U V RVM Y U V RVM

RAHE -0.3% -4.2% -4.3% - -0.3% -3.9% -3.6% - -0.2% -2.5% -2.3% -

RALC -0.4% -3.4% -3.5% - -0.3% -4.8% -4.6% - 0.1% -3.8% -3.6% -

LBHE -0.4% -1.9% -2.1% #DIV/0! -0.5% -3.6% -3.6% #DIV/0! -0.1% -1.6% -1.6% #DIV/0!

LBLC -0.2% -1.6% -1.8% #DIV/0! -0.2% -5.6% -5.7% #DIV/0! 0.3% -4.3% -4.5% #DIV/0!

Aver -0.3% -2.8% -2.9% #DIV/0! -0.3% -4.5% -4.4% #DIV/0! 0.0% -3.0% -3.0% #DIV/0!

AQO (JCTVC-G278) FINE-QP (JCTVC-G843) ARL (JCTVC-G382)


2.3.4 Test D
In this test case, the three methods are compared to HM4.0 with RDOQ off and EEM on.
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2.4 Comments from cross-checkers

2.4.1 AQO (JCTVC-G278)
2.4.2 ARL (JCTVC-G382)

· JCTVC-G403 (by Microsoft)

Note that the comments below are addressed in G382r1 (and summarized in section 2.5.2 of this document), while the new results addressing these comments have not been reviewed yet by the cross-checker: 
· It is reported that most of the measured gain is actually from non-normative modifications rather than from the effect of the normative aspects of the proposal. 
· It is also reported that the proposed ARL scheme does not seem to work well when the QP is small. 
· The effects on luma and chroma are also observed and reported to be somewhat different.
2.4.3 Fine-QP (JCTVC-G843)

2.5 Points from proponents

2.5.1 AQO (JCTVC-G278)
· AQO is an efficient method with light signaling. Moreover, stable gain is observed in all tests including low-QP cases.
2.5.2 ARL (JCTVC-G382)
The ARL syntax is flexible and allows for optimizing the rate distortion performance by using a combination of the scale and the offset.

Additional tests were performed for ARL as described in document G382 and G382 r1:

· For common QP RDOQ off, the overall BD-rate averages show gains of 1.9%, 2.0%, 1.3%, and 1.7% for Luma in RA-HE, RA-LC, LD-HE, and LD-LC, respectively, over HM4.0 RDOQ off.
· Initially the implementation of ARL along with EEM was done in a way to demonstrate that gains of ARL were cumulative with EEM gains for common condition QP value, but the integration was not performed to demonstrate the value of ARL at low or high QP values with or without EEM. In G382r1 with an encoder only modification, new partial results are provided (Classes C and D only at the time of this report):
· RDOQ on: ARL provides gains in low QP settings
· RDOQ off: ARL provides significant gains in low QP settings
· Compared to EEM, for both common QP and high QP, ARL achieves significantly better rate savings than EEM. For low QP cases ARL provides less gain than EEM for HE settings but provides more gains than EEM for LC setting.
· ARL gains are always combinable with gains provided by encoder only techniques and ARL provides substantial gains when no encoder only techniques are used.
2.5.3 Fine-QP (JCTVC-G843)
· Fine-QP is further improved in JCTVC-G850
· The actual signaling scheme of the offset values is re-designed so that a light yet robust signaling is obtained.

· The coding performance is slightly improved.
· Gain is also observed in low-QP cases.

2.6 Recommendations
There are three techniques (AQO, ARL and FINE-QP) tested in subtest 2 and G850 should be discussed conjointly. It is recommended to review these four proposals in light of these results and adopt one of these solutions in HM5.

3 Subtest 3: Quantization Matrices

3.1 Contribution List

Table 3.1.1

	Subtest
	Proponent
	Crosschecker

	3.1
	Sony: JCTVC-G434
	Canon: JCTVC-G502
HiSilicon: JCTVC-G527

MediaTek: JCTVC-G303

	3.2
	TI: JCTVC-G083
	Canon: JCTVC-G503
HiSilicon: JCTVC-G528

MediaTek: JCTVC-G306

	3.3
	Sony: JCTVC-G434
	Canon: JCTVC-G505
HiSilicon: JCTVC-G527

MediaTek: JCTVC-G303


3.2 Evaluation Criteria

In Subtest 3 proposed methods are evaluated based on:

Test 1: compression performance of matrix itself
Test 2: Impact on overall HM performance
Performances of the proposed methods can be compared with Test 1 and Test 2 is supplemental information for discussions. 
3.3 Summary of Results

Test-1 result with subtest 3.1 (AVC method) is shown in Table 3.3.1.
Methods of subtest 3.2 contains 4 options as

1. quantization matrix down-sampling (down-sample)
2. 135 degree symmetry processing (sym135)
3. 45 degree symmetry processing with offset (sym45)

4. unsigned exp-golomb coding (UEK)

and test-1 result is shown in Table 3.3.2.
With methods of subtest 3.3 one matrix is divided into 4 regions as shown in Fig 3.3.1, and components included in each region is quantized with different values as shown in Table 3.3.3. Test-1 result is shown in Table 3.3.3.

Table 3.3.1: Test 1 result with Subtest 3.1
	Symmetry
	Asymmetry

	bits
	bits

	26240
	28232


Table 3.3.2: Test 1 result with Subtest 3.2
	
	
	
	
	Symmetry
	Asymmetry
	　

	Options
	bits
	average
error
	bits
	average
error

	down S.
	UEK
	sym45
	sym135
	
	
	
	

	0
	0
	0
	0
	8856
	0
	9512
	0

	0
	0
	0
	1
	4864
	0
	4894
	3.53

	0
	0
	1
	0
	5052
	5.06
	4558
	3.14

	0
	0
	1
	1
	2852
	5.06
	2626
	5.25

	0
	1
	0
	0
	3390
	3.78
	3442
	6.68

	0
	1
	0
	1
	2102
	3.53
	2126
	6.83

	0
	1
	1
	0
	2012
	7.91
	1968
	6.9

	0
	1
	1
	1
	1352
	7.52
	1286
	6.95

	1
	0
	0
	0
	3631
	0.43
	3784
	0.32

	1
	0
	0
	1
	2137
	0.43
	2094
	3.76

	1
	0
	1
	0
	2263
	4.73
	1923
	3.54

	1
	0
	1
	1
	1399
	4.73
	1249
	5.52

	1
	1
	0
	0
	1391
	3.95
	1380
	6.35

	1
	1
	0
	1
	1001
	3.47
	998
	6.65

	1
	1
	1
	0
	933
	7.28
	905
	6.81

	1
	1
	1
	1
	774
	6.69
	693
	7.07
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Fig 3.3.1

	Table 3.3.3: Options of Subtest 3.3
　
	mode
	Region0
	Region1
	Region2
	Region3

	Cond0
	AVC
	none
	none
	none
	none

	Cond1
	lossless
	1
	1
	1
	1

	Cond2
	lossy
	2
	2
	2
	2

	Cond3
	lossy
	2
	2
	7
	7

	Cond4
	lossy
	6
	6
	8
	8


Table 3.3.4: Test 1 result with Subtest 3.3
	
	Symmetry
	　
	Asymmetry
	　
	　

	
	bits
	AvgError
	MaxError
	bits
	AvgError
	MaxError

	AVC
	26240
	0
	0
	28232
	0
	0

	Cond1
	3357
	0
	0
	5719
	0
	0

	Cond2
	2409
	0.51 
	1
	4412
	0.49 
	1

	Cond3
	1820
	1.34 
	6
	3258
	1.20 
	6

	Cond4
	725
	2.26 
	7
	789
	2.18 
	7


3.4 Discussions / Recommendation
As can be seen as much as 13 contributions other than CE are on quantization matrices as follow:
JCTVC-G094
non-CE4: Carriage of large block size quantization matrices with up-sampling
JCTVC-G152
Method and syntax for quantization matrices representation
JCTVC-G295
Non-CE4 Subtest3: Extension of Adaptation Parameter Sets syntax for Quantization matrix

JCTVC-G352
Parameterization of Default Quantization Matrices
JCTVC-G506
Non-CE4: Crosscheck report of carriage of large block size quantization matrices with up-sampling proposed by TI (JCTVC-G094)
JCTVC-G529
Non-CE4: Cross-Check for MediaTek quantization matrices representation
JCTVC-G530
Non-CE4: Layered quantization matrices compression
JCTVC-G578
Non-CE4: Quantization matrix compression and signaling
JCTVC-G658
Quantization matrices in fragmented APS
JCTVC-G711
Non-CE4: Cross-verification of MediaTek's proposal JCTVC-G152 on method and syntax for quantization matrices representation
JCTVC-G730
Non-CE4: Cross check of layered quantization matrices compression in JCTVC-G530
JCTVC-G826
Non-CE4: Cross check of quantization matrix coding in JCTVC-G578
JCTVC-G880
HVS Model based Default Quantization Matrices
With the fact that quite a few experts support in quantization matrices in HEVC it is recommended that quantization matrices with simple method be adopted into HM-5.0 as a basis for further investigation. 
The following are list of tools proposed in Subtest 3.2 and 3.3 for quantization matrices compression:
-  matrix up/down sampling
-  matrix prediction of same size

-  matrix prediction of arbitrary size (w/ down/up matrix upsmapling)
-  matrix copy
-  cross-picture matrix prediction (inter matrix prediction)

-  symmetric processing
-  quantization

-  zigzag-based DPCM

-  (sign/unsigned) exp-Golomb coding
-  run-length coding

It is recommended that AVC method or simple tools among the proposed ones above (will be selected by the proponents of subtest 3.2 and 3.3) be adopted into HM-5.0.
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