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[bookmark: _Toc70944490][bookmark: _Toc104459332][bookmark: _Hlk112398595]7.3	H.265/HEVC Characterization against H.264/AVC
[bookmark: _Toc104459333]7.3.1 Introduction
This clause provides characterization results for H.265/HEVC against H.264/AVC for different scenarios and metrics.
The clause 7.3.2 provides the results for H.265/HEVC Main 10 profile (referred as H.265/HEVC HM) and clause 7.3.3 provides the results for H.265/HEVC Screen-Extended Main 10 profile (referred as H.265/HEVC SCC) compared to H.264/AVC Progressive High-Profile or High Profile (referred as H.264/AVC JM) .
[bookmark: _Toc104459334]7.3.2 H.265/HEVC HM against H.264/AVC
[bookmark: _Toc104459335]7.3.2.1	Overview
This clause provides a full characterization of H.265/HEVC HM against H.264/AVC JM according to clause 7.2.1. The results provided in clause 6 are used for the characterization.
[bookmark: _Toc104459336]7.3.2.2	Scenario 1: Full HD
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 1 Full HD. In particular, Table 7.3.2.2-1 provides the BD rate gain of H.265/HEVC HM with S1-HM-01 against H.264/AVC HM with configuration S1-HMJM-01, i.e. with the Full HD SDR scenario reference sequences.
Table 7.3.2.2-1 BD rate gain of H.265/HEVC HM with S1-HM-01 against H.264/AVC JM with configuration S1-JM-01, i.e. with the Full HD SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S1-R01
	Brest-Sedof-FHD
	68.7
	70.9
	57.6
	46.2

	S1-R02
	Rain Fruits-FHD
	47.0
	48.1
	46.4
	44.8

	S1-R03
	Park Joy-FHD
	22.3
	20.8
	28.2
	25.2

	S1-R04
	Soccer-FHD
	56.76
	56.65
	55.7
	54.8

	S1-R05
	Tunnel Flag-FHD
	45.9
	44.5
	47.1
	48.0

	S1-R06
	Boat-FHD
	32.12
	321.90
	35.3
	31.87

	S1-R07
	Fountain-FHD
	21.56
	21.45
	28.1
	21.24

	S1-R08
	Riverbank-FHD
	37.6
	34.2
	36.0
	29.3

	Minimum
	
	21.56
	20.8
	28.1
	21.24

	Maximum
	
	68.7
	70.9
	57.6
	54.98

	Average
	
	41.5
	41.10
	41.8
	37.76



As an example, Figure 7.3.2.2-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of H.265/HEVC HM with S1-JM-01 against H.264/AVC HM JM with configuration S1-JM-01 for reference sequence S1-R04.
[image: Chart, line chart

Description automatically generated][image: ][image: Chart

Description automatically generated]
Figure 7.3.2.2-1 Rate-Quality curves and BD rate gain for psnr and vmaf of H.265/HEVC HM with S1-HM-01 against H.264/AVC JM with configuration S1-JM-01 for reference sequence S1-R04
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/265/Characterization/.
[bookmark: _Toc104459337]7.3.2.3	Scenario 3: Screen Content
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 3 Screen Content. In particular, 
· Table 7.3.2.3-1 provides the BD rate gain of H.265/HEVC HM with S3-HM-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no RA.
· Table 7.3.2.3-2 provides the BD rate gain of H.265/HEVC HM with S3-HM-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second.
Table 7.3.2.3-1 BD rate gain of H.265/HEVC HM with S3-HM-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	61.7
	61.5

	S3-R04
	MovingText2-FullHD-8bit
	63.9
	64.6

	S3-R06
	TextMixTransitions-4K-8bit
	55.8
	51.8

	S3-R08
	TextMixTransitions-FullHD-8bit
	42.3
	40.0

	S3-R10
	GraphicsMixSimple-4K-8bit
	57.5
	56.7

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	40.5
	39.8

	S3-R14
	GraphicsMixTransitions-4K-8bit
	62.7
	61.5

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	54.7
	53.5

	S3-R17
	Mission-Control
	32.5
	31.7

	Minimum
	
	32.5
	31.7

	Maximum
	
	63.9
	64.6

	Average
	
	52.4
	51.2


Table 7.3.2.3-2 BD rate gain of H.265/HEVC HM with S3-HM-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	53.0
	51.9

	S3-R04
	MovingText2-FullHD-8bit
	51.5
	51.8

	S3-R06
	TextMixTransitions-4K-8bit
	49.1
	44.1

	S3-R08
	TextMixTransitions-FullHD-8bit
	33.0
	31.1

	S3-R10
	GraphicsMixSimple-4K-8bit
	47.6
	46.2

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	34.6
	33.4

	S3-R14
	GraphicsMixTransitions-4K-8bit
	55.3
	54.0

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	46.7
	45.4

	S3-R17
	Mission-Control
	27.0
	26.7

	Minimum
	
	27.0
	26.7

	Maximum
	
	55.3
	54.0

	Average
	
	44.2
	42.7



As an example, Figure 7.3.2.3-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S3-HM-01 against H.264/AVC HM JM with configuration S3-JM-01 for reference sequences S3-R02 and S3-R17.
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Figure 7.3.2.3-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S3-HM-01 against H.264/AVC JM with configuration S3-JM-01 for reference sequence S3-R02 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/Characterization/.
[bookmark: _Toc104459338]7.3.2.4	Scenario 4: Messaging and Social Sharing
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 4 Messaging and Social Sharing. In particular, 
· Table 7.3.2.4-1 provides the BD rate gain of H.265/HEVC HM with S4-HM-01 against H.264/AVC JM with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no RA.
· Table 7.3.2.4-2 provides the BD rate gain of H.265/HEVC HM with S4-HM-02 against H.264/AVC JM with configuration S4-JM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed Intra every second.
Table 7.3.2.4-1 BD rate gain of H.265/HEVC HM with S4-HM-01 against H.264/AVC JM with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	60.23
	60.01
	62.2
	64.13

	S4-R02
	Vertical-Walking
	26.0
	25.7
	30.4
	27.4

	S4-R03
	Neon-4K
	33.5
	31.8
	37.7
	34.4

	S4-R04
	Skater-4K
	71.6
	70.8
	68.4
	71.3

	Minimum
	
	26.0
	25.7
	30.4
	27.4

	Maximum
	
	71.6
	70.8
	68.4
	71.3

	Average
	
	47.8
	47.1
	49.7
	49.3


Table 7.3.2.4-2 BD rate gain of H.265/HEVC HM with S4-HM-02 against H.264/AVC JM with configuration S4-JM-02, i.e. with the messaging and social sharing scenario reference sequences and fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	42.2
	43.7
	47.4
	47.7

	S4-R02
	Vertical-Walking
	19.6
	19.2
	22.9
	19.9

	S4-R03
	Neon-4K
	24.0
	22.8
	34.4
	26.6

	S4-R04
	Skater-4K
	63.4
	63.9
	60.9
	63.2

	Minimum
	
	19.6
	19.2
	22.9
	19.9

	Maximum
	
	63.4
	63.9
	60.9
	63.2

	Average
	
	37.3
	37.4
	41.4
	39.3


 
As an example, Figure 7.3.2.4-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of H.265/HEVC HM with S4-HM-01 against H.264/AVC HM JM with configuration S4-JM-01 for reference sequence S4-R01.
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Figure 7.3.2.4-1 Rate-Quality curves and BD rate gain for psnr and  vmaf of H.265/HEVC HM with S4-HM-01 against H.264/AVC JM with configuration S4-JM-01 for reference sequence S4-R01
As another example, Figure 7.3.2.4-2 provides Rate-Quality curves and BD rate gain for psnr and vmaf of H.265/HEVC HM with S4-HM-02 against H.264/AVC HM JM with configuration S4-JM-02 for reference sequence S4-R01.
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Figure 7.3.2.4-2 Rate-Quality curves and BD rate gain for psnr and vmaf of H.265/HEVC HM with S4-HM-02 against H.264/AVC JM with configuration S4-JM-02 for reference sequence S4-R01
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/265/Characterization/.
[bookmark: _Toc104459339]7.3.2.5	Scenario 5: Online Gaming
This clause provides characterization of H.265/HEVC HM mode configurations against H.264/AVC JM for Scenario 5 Online Gaming. In particular, 
· Table 7.3.2.5-1 provides the BD rate gain of H.265/HEVC HM with S5-HM-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no RA.
· Table 7.3.2.5-2 provides the BD rate gain of H.265/HEVC HM with S5-HM-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences with fixed Intra every second.
Table 7.3.2.5-1 BD rate gain of H.265/HEVC HM with S5-HM-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	45.2
	44.8

	S5-R02
	Baolei-Man
	36.5
	35.3

	S5-R03
	Baolei-Woman
	44.7
	44.0

	S5-R04
	Baolei-Balloon
	52.3
	52.3

	S5-R05
	Baolei-Yard
	48.2
	48.1

	S5-R06
	Jianling-Temple
	23.4
	23.0

	S5-R07
	Jianling-Beach
	37.0
	34.9

	S5-R08
	Heroes-of-the-Storm
	31.9
	31.8

	S5-R09
	Project-CARS
	40.5
	37.9

	S5-R10
	World-of-WarCraft
	49.1
	48.4

	S5-R11
	MineCraft
	28.3
	25.8

	S5-R12
	CS-GO
	52.6
	49.3

	S5-R13
	StarCraft
	44.9
	43.4

	Minimum
	
	23.4
	23.0

	Maximum
	
	52.6
	52.3

	Average
	
	41.1
	39.9



Table 7.3.2.5-2 BD rate gain of H.265/HEVC HM with S5-HM-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences and fixed RA, fixed QP every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	32.4
	32.7

	S5-R02
	Baolei-Man
	27.0
	26.8

	S5-R03
	Baolei-Woman
	33.7
	33.9

	S5-R04
	Baolei-Balloon
	42.6
	43.5

	S5-R05
	Baolei-Yard
	41.3
	42.1

	S5-R06
	Jianling-Temple
	20.8
	20.9

	S5-R07
	Jianling-Beach
	23.6
	23.3

	S5-R08
	Heroes-of-the-Storm
	20.9
	21.3

	S5-R09
	Project-CARS
	31.2
	31.8

	S5-R10
	World-of-WarCraft
	37.0
	36.4

	S5-R11
	MineCraft
	25.9
	24.9

	S5-R12
	CS-GO
	36.3
	35.6

	S5-R13
	StarCraft
	29.9
	29.3

	Minimum
	
	20.8
	20.9

	Maximum
	
	42.6
	43.5

	Average
	
	31.0
	31.0



As an example, 
· Figure 7.3.2.5-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-HM-01 against H.264/AVC HM JM with configuration S5-JM-01 for reference sequences S5-R01 and S5-R04
· Figure 7.3.2.5-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-HM-02 against H.264/AVC HM JM with configuration S5-JM-02 for reference sequences S5-R01 and S5-R04
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Figure 7.3.2.5-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-HM-01 against H.264/AVC JM with configuration S5-JM-01 for reference sequences S5-R01 and S5-R04
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Figure 7.3.2.5-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM with S5-HM-02 against H.264/AVC JM with configuration S5-JM-02 for reference sequences S5-R01 and S5-R04
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/265/Characterization/.
[bookmark: _Toc104459340]7.3.2.6	Summary
Table 7.3.2.6-1 provides a summary of BD rate gain in psnr and vmaf of H.265/HEVC HM against H.264/AVC JM for different scenarios and configurations.
Table 7.3.2.6-1 Summary of BD rate gain in psnr and vmaf of H.265/HEVC HM against H.264/AVC JM for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr
	average vmaf
	min vmaf
	max vmaf

	S1
	41.5
	21.65
	68.7
	41.8
	28.1
	57.6

	S3 no RA
	52.4
	32.5
	63.9
	n/a
	n/a
	n/a

	S3 RA, fixed QP
	44.2
	27.0
	55.3
	n/a
	n/a
	n/a

	S4 no RA
	46.7
	21.7
	71.5
	49.8
	30.4
	68.4

	S4 RA, fixed QP
	36.2
	15.9
	63.2
	41.5
	23.2
	60.8

	S5 no RA
	41.1
	23.4
	52.6
	n/a
	n/a
	n/a

	S5 RA, fixed QP
	31.0
	20.8
	42.6
	n/a
	n/a
	n/a

	Minimum
	31.0
	15.9
	42.6
	41.5
	23.2
	57.6

	Maximum
	52.4
	32.5
	71.5
	49.8
	30.4
	68.4



[bookmark: _Toc104459341]7.3.3 H.265/HEVC SCC against H.264/AVC
[bookmark: _Toc104459342]7.3.3.1	Overview
This clause provides a partial characterization of H.265/HEVC SCC against H.264/AVC JM according to clause 7.2.1. The results provided in clause 6 are used for the characterization.
[bookmark: _Toc104459343]7.3.3.2	Scenario 3: Screen Content
This clause provides characterization of H.265/HEVC SCC mode configurations against H.264/AVC JM for Scenario 3 Screen Content. In particular, 
· Table 7.3.3.2-1 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no RA.
· Table 7.3.3.2-2 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second.
Table 7.3.3.2-1 BD rate gain of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC JM with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	69.0
	67.8

	S3-R04
	MovingText2-FullHD-8bit
	67.5
	67.7

	S3-R06
	TextMixTransitions-4K-8bit
	72.3
	68.3

	S3-R08
	TextMixTransitions-FullHD-8bit
	56.1
	51.8

	S3-R10
	GraphicsMixSimple-4K-8bit
	75.7
	74.8

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	56.5
	55.1

	S3-R14
	GraphicsMixTransitions-4K-8bit
	68.3
	66.8

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	58.3
	56.4

	S3-R17
	Mission-Control
	55.3
	54.9

	Minimum
	
	55.3
	51.8

	Maximum
	
	75.7
	74.8

	Average
	
	64.3
	62.6


Table 7.3.3.2-2 BD rate gain of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC JM with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	62.2
	60.6

	S3-R04
	MovingText2-FullHD-8bit
	57.3
	57.0

	S3-R06
	TextMixTransitions-4K-8bit
	72.3
	68.4

	S3-R08
	TextMixTransitions-FullHD-8bit
	54.1
	50.8

	S3-R10
	GraphicsMixSimple-4K-8bit
	72.6
	71.3

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	55.1
	53.2

	S3-R14
	GraphicsMixTransitions-4K-8bit
	67.4
	65.9

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	55.8
	53.8

	S3-R17
	Mission-Control
	53.8
	53.8

	Minimum
	
	53.8
	50.8

	Maximum
	
	72.6
	71.3

	Average
	
	61.2
	59.4



As an example, 
· Figure 7.3.3.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC HM JM with configuration S3-JM-01 for reference sequences S3-R02 and S3-R17
· Figure 7.3.3.2-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC HM JM with configuration S3-JM-02 for reference sequences S3-R02 and S3-R17
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Figure 7.3.3.2-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-01 against H.264/AVC HM JM with configuration S3-JM-01 for reference sequences S3-R02 and S3-R17
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Figure 7.3.3.2-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-02 against H.264/AVC HM JM with configuration S3-JM-02 for reference sequences S3-R02 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/Characterization/.
[bookmark: _Toc104459344]7.3.3.3	Scenario 5: Online Gaming
This clause provides characterization of H.265/HEVC SCC mode configurations against H.264/AVC for Scenario 5 Online Gaming. In particular, 
· Table 7.3.3.3-1 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no RA.
· Table 7.3.3.3-2 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences with fixed Intra every second.
Table 7.3.3.3-1 BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC JM with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	45.2
	44.7

	S5-R02
	Baolei-Man
	36.7
	35.2

	S5-R03
	Baolei-Woman
	45.2
	44.4

	S5-R04
	Baolei-Balloon
	52.7
	52.7

	S5-R05
	Baolei-Yard
	48.3
	48.1

	S5-R06
	Jianling-Temple
	25.4
	24.6

	S5-R07
	Jianling-Beach
	39.3
	36.7

	S5-R08
	Heroes-of-the-Storm
	33.5
	33.2

	S5-R09
	Project-CARS
	42.2
	39.1

	S5-R10
	World-of-WarCraft
	49.8
	48.7

	S5-R11
	MineCraft
	39.3
	34.2

	S5-R12
	CS-GO
	56.5
	52.4

	S5-R13
	StarCraft
	46.8
	44.5

	Minimum
	
	25.4
	24.6

	Maximum
	
	56.5
	52.7

	Average
	
	43.1
	41.4



Table 7.3.3.3-2 BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC JM with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences and fixed RA every second and fixed QP
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	33.2
	33.3

	S5-R02
	Baolei-Man
	28.0
	27.5

	S5-R03
	Baolei-Woman
	35.4
	35.4

	S5-R04
	Baolei-Balloon
	43.1
	43.9

	S5-R05
	Baolei-Yard
	41.4
	42.1

	S5-R06
	Jianling-Temple
	22.9
	22.7

	S5-R07
	Jianling-Beach
	28.8
	27.8

	S5-R08
	Heroes-of-the-Storm
	24.4
	24.6

	S5-R09
	Project-CARS
	33.8
	33.7

	S5-R10
	World-of-WarCraft
	40.4
	39.4

	S5-R11
	MineCraft
	38.3
	35.0

	S5-R12
	CS-GO
	43.5
	41.5

	S5-R13
	StarCraft
	34.5
	32.9

	Minimum
	
	22.9
	22.7

	Maximum
	
	43.5
	43.9

	Average
	
	34.4
	33.8



As an example, 
· Figure 7.3.3.3-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC HM JM with configuration S5-JM-01 for reference sequences S5-R01 and S5-R04
· Figure 7.3.3.3-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC HM JM with configuration S5-JM-02 for reference sequences S5-R01 and S5-R04
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Figure 7.3.3.3-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.264/AVC HM JM with configuration S5-JM-01 for reference sequences S5-R01 and S5-R04
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Figure 7.3.3.3-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.264/AVC HM JM with configuration S5-JM-02 for reference sequences S5-R01 and S5-R04
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/265/Characterization/.
[bookmark: _Toc104459345]7.3.3.4	Summary
Table 7.3.3.4-1 provides a summary of BD rate gain in psnr and vmaf of H.265/HEVC SCC against H.264/AVC JM for different scenarios and configurations.
Table 7.3.3.4-1 Summary of BD rate gain in psnr of H.265/HEVC SCC against H.264/AVC JM for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr

	S3 no RA
	64.3
	55.3
	75.7

	S3 RA, fixed QP
	61.2
	53.8
	72.6

	S5 no RA
	43.1
	25.4
	56.5

	S5 RA, fixed QP
	34.4
	22.9
	43.5

	Minimum
	34.4
	22.9
	43.5

	Maximum
	64.3
	55.3
	75.7
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=====  CHANGE  =====
[bookmark: _Toc104459346]7.4	Characterization of different HEVC modes
[bookmark: _Toc104459347]7.4.1 Introduction
This clause provides characterization results of different H.265/HEVC modes for different scenarios and metrics.
[bookmark: _Toc104459348]7.4.2 H.265/HEVC SCC against H.265/HEVC HM
[bookmark: _Toc104459349]7.4.2.1	Introduction
This clause provides characterization results H.265/HEVC Screen-Extended Main 10 profile (referred as H.265/HEVC SCC) against H.265/HEVC Main 10 profile (referred as H.265/HEVC HM) for different scenarios and metrics.
[bookmark: _Toc104459350]7.4.2.2	Scenario 3: Screen Content
This clause provides characterization of H.265/HEVC SCC mode configurations against H.265/HEVC HM for Scenario 3 Screen Content. In particular, 
· Table 7.4.2.2-1 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no RA.
· Table 7.4.2.2-2 provides the BD rate gain of H.265/HEVC SCC with S3-SCC-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences fixed Intra every second.
Table 7.4.2.2-1 BD rate gain of H.265/HEVC SCC with S3-SCC-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	18.9
	16.5

	S3-R02
	MovingText2-4K-8bit
	18.7
	16.2

	S3-R03
	MovingText2-FullHD-10bit
	10.0
	8.6

	S3-R04
	MovingText2-FullHD-8bit
	10.4
	9.0

	S3-R05
	TextMixTransitions-4K-10bit
	36.6
	33.9

	S3-R06
	TextMixTransitions-4K-8bit
	37.4
	34.1

	S3-R07
	TextMixTransitions-FullHD-10bit
	22.6
	19.0

	S3-R08
	TextMixTransitions-FullHD-8bit
	23.2
	19.3

	S3-R09
	GraphicsMixSimple-4K-10bit
	43.4
	42.5

	S3-R10
	GraphicsMixSimple-4K-8bit
	43.5
	42.5

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	27.1
	25.8

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	27.4
	26.1

	S3-R13
	GraphicsMixTransitions-4K-10bit
	14.6
	13.5

	S3-R14
	GraphicsMixTransitions-4K-8bit
	14.7
	13.4

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	7.3
	5.7

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	8.1
	6.3

	S3-R17
	Mission-Control
	32.7
	32.8

	Minimum
	
	7.3
	5.7

	Maximum
	
	43.5
	42.5

	Average
	
	23.3
	21.5


Table 7.4.2.2-2 BD rate gain of H.265/HEVC SCC with S3-SCC-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	17.6
	15.7

	S3-R02
	MovingText2-4K-8bit
	17.5
	15.5

	S3-R03
	MovingText2-FullHD-10bit
	11.6
	10.6

	S3-R04
	MovingText2-FullHD-8bit
	11.8
	10.6

	S3-R05
	TextMixTransitions-4K-10bit
	45.8
	43.9

	S3-R06
	TextMixTransitions-4K-8bit
	46.1
	43.9

	S3-R07
	TextMixTransitions-FullHD-10bit
	31.4
	28.4

	S3-R08
	TextMixTransitions-FullHD-8bit
	31.4
	28.5

	S3-R09
	GraphicsMixSimple-4K-10bit
	47.6
	47.0

	S3-R10
	GraphicsMixSimple-4K-8bit
	47.5
	46.6

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	31.5
	30.3

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	31.5
	30.1

	S3-R13
	GraphicsMixTransitions-4K-10bit
	26.3
	25.5

	S3-R14
	GraphicsMixTransitions-4K-8bit
	26.3
	25.1

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	16.6
	15.1

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	17.0
	15.2

	S3-R17
	Mission-Control
	35.6
	35.7

	Minimum
	
	11.6
	10.6

	Maximum
	
	47.6
	47.0

	Average
	
	29.0
	27.5



As an example, 
· Figure 7.4.2.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC HM SCC with S3-SCC-03 against H.265/HEVC HM with configuration S3-HM-03 for reference sequences S3-R01 and S3-R17
· Figure 7.4.2.2-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-04 against H.265/HEVC HM with configuration S3-HM-04 for reference sequences S3-R01 and S3-R17
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Figure 7.4.2.2-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-03 against H.265/HEVC HM with configuration S3-HM-03 for reference sequences S3-R01 and S3-R17
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Figure 7.4.2.2-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S3-SCC-04 against H.265/HEVC HM with configuration S3-HM-04 for reference sequences S3-R01 and and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/265/Characterization/.
[bookmark: _Toc104459351]7.4.2.3	Scenario 5: Online Gaming
This clause provides characterization of H.265/HEVC SCC mode configurations against H.265/HEVC HM for Scenario 5 Online Gaming. In particular, 
· Table 7.4.2.3-1 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no RA.
· Table 7.4.2.3-2 provides the BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences and fixed RA every second and fixed QP.
Table 7.4.2.3-1 BD rate gain of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	0.2
	-0.1

	S5-R02
	Baolei-Man
	0.4
	-0.1

	S5-R03
	Baolei-Woman
	1.1
	0.8

	S5-R04
	Baolei-Balloon
	0.8
	0.7

	S5-R05
	Baolei-Yard
	0.2
	0.1

	S5-R06
	Jianling-Temple
	2.6
	2.2

	S5-R07
	Jianling-Beach
	4.1
	3.1

	S5-R08
	Heroes-of-the-Storm
	2.4
	2.0

	S5-R09
	Project-CARS
	3.1
	2.2

	S5-R10
	World-of-WarCraft
	1.8
	0.8

	S5-R11
	MineCraft
	16.4
	12.3

	S5-R12
	CS-GO
	8.6
	6.4

	S5-R13
	StarCraft
	3.8
	2.2

	Minimum
	
	0.2
	-0.1

	Maximum
	
	16.4
	12.3

	Average
	
	3.5
	2.5



Table 7.4.2.3-2 BD rate gain of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences and fixed RA every second and fixed QP
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	1.1
	0.8

	S5-R02
	Baolei-Man
	1.4
	1.0

	S5-R03
	Baolei-Woman
	2.6
	2.2

	S5-R04
	Baolei-Balloon
	0.9
	0.8

	S5-R05
	Baolei-Yard
	0.2
	0.1

	S5-R06
	Jianling-Temple
	2.6
	2.2

	S5-R07
	Jianling-Beach
	6.8
	5.7

	S5-R08
	Heroes-of-the-Storm
	4.3
	4.0

	S5-R09
	Project-CARS
	3.9
	2.9

	S5-R10
	World-of-WarCraft
	5.5
	4.9

	S5-R11
	MineCraft
	17.1
	13.9

	S5-R12
	CS-GO
	11.4
	9.1

	S5-R13
	StarCraft
	6.5
	5.1

	Minimum
	
	0.2
	0.1

	Maximum
	
	17.1
	13.9

	Average
	
	4.9
	4.1



As an example, 
· Figure 7.4.2.3-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequences S5-R04 and S5-R11
· Figure 7.4.2.3-2 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequence s S5-R04 and S5-R11
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Figure 7.4.2.3-1 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequence s S5-R04 and S5-R11
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Figure 7.4.2.3-2 Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCC with S5-SCC-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequences S5-R04 and S5-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/265/Characterization/.
[bookmark: _Toc104459352]7.4.2.4	Summary
Table 7.4.2.4-1 provides a summary of BD rate gain in psnr of H.265/HEVC SCC against H.265/HEVC HM for different scenarios and configurations.
Table 7.4.2.4-1 Summary of BD rate gain in psnr of H.265/HEVC SCC against H.265/HEVC HM for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr

	S3 no RA
	23.3
	7.3
	43.5

	S3 RA, fixed QP
	29.0
	11.6
	47.6

	S5 no RA
	3.5
	0.2
	16.4

	S5 RA, fixed QP
	4.9
	0.2
	17.1

	Minimum
	3.5
	0.2
	116.4

	Maximum
	29.0
	11.6
	47.6





=====  CHANGE  =====
[bookmark: _Toc104459395]8.2.3	H.266/VVC Characterization against H.264/AVC
[bookmark: _Toc104459396]8.2.3.1	Overview
[bookmark: _Hlk111148315]This clause provides information related to the characterization of H.266/VVC VTM against H.264/AVC JM according to clause 7.2.1. The results provided in clauses 6 and 8.2.2 are considered for the characterization. 
Analysis of the PSNR ranges provided in the clause 6 for H.264/AVC and in sub-clauses 8.2.2 of the H.266/VVC VVC shows that their rate distortion curves exhibit an average overlap of 61% across scenarios. As a consequence, the aggregation of results for all rate points for all sequences in each scenario is not substantial enough and do not provide an accurate representation for codec characterisation. BD rate gain are not reported in this clause.  
A way to obtain a substantial overlap for accurate estimation of BD rate gain estimates would be to adjust QP values of AVC for better alignments with the ones of HEVC and VVC. 
[bookmark: _Toc104459397]8.2.3.2	Scenario 1: Full HD
This clause provides information related to the characterization of H.266/VVC VTM mode configurations against H.264/AVC JM for Scenario 1 Full HD. 
For this scenario, the PSNR ranges of the curves between H.266/VVC VVC and H.264/AVC overlaps at an average of 59% and can be as low as 29%. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/VTM/Characterization/.
[bookmark: _Toc104459398]8.2.3.3	Scenario 3: Screen Content
This clause provides information related to the characterization of H.266/VVC VTM mode configurations against H.264/AVC JM for Scenario 3 Screen Content. 
For this scenario, the PSNR ranges of the curves between H.266/VVC VVC and H.264/AVC overlaps at an average of 43% and can be as low as 33 % in the non-RA configuration and an average of 42 % and can be as low as 24% in the RA configuration. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/VTM/Characterization/.
[bookmark: _Toc104459399]8.2.3.4	Scenario 4: Messaging and Social Sharing
This clause provides information related to the characterization of H.266/VVC VTM mode configurations against H.264/AVC JM for Scenario 4 Messaging and Social Sharing. 
For this scenario, the PSNR ranges of the curve between H.266/VVC VVC and H.264/AVC in no overlaps at an average of 69% and can be as low as 48% in the non-RA configuration and an average of 76% and can be as low as 55% in the RA configuration.
Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/VTM/Characterization/.
[bookmark: _Toc104459400]8.2.3.5	Scenario 5: Online Gaming
This clause provides information related to the characterization of H.266/VVC VTM mode configurations against H.264/AVC JM for Scenario 5 Online Gaming. 
For this scenario, the PSNR ranges of the curves between H.266/VVC VVC and H.264/AVC overlaps at an average of 67% and can be as low as 54% in the non-RA configuration and an average of 71% and can be as low as 61% in the RA configuration.
Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming//VTM/Characterization/.
[bookmark: _Toc104459401]8.2.3.6	Summary
No characterization results are provided due to the lack of substantial overlap of H.264/AVC and H.266/VVC VVC characterization results. 
[bookmark: _Toc104459402]8.2.4	H.266/VVC VTMVVC Characterization against H.265/HEVC HM
[bookmark: _Toc104459403]8.2.4.1	Overview
This clause provides a full characterization of H.266/VVC VTM against H.2654/AVC HEVC HM according to clause 7.2.1. The results provided in clauses 6 and 8.2.2 are used for the characterization.
[bookmark: _Toc104459404]8.2.4.2	Scenario 1: Full HD
This clause provides characterization of H.266/VVC VTM mode configurations against H.265/HEVC HM for Scenario 1 Full HD. In particular, 
· Table 8.2.4.2-1 provides the BD rate gain of H.266/VVC VTM with S1-VTM-01 against H.265/HEVC HM with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences
· Table 8.2.4.2-2 provides the BD rate gain of H.266/VVC VTM with S1-VTM-02 against H.265/HEVC HM with configuration S1-HM-02, i.e. with the Full HD HDR scenario reference sequences
Table 8.2.4.2-1 BD rate gain of H.266/VVC VTM with S1-VTM-01 against H.265/HEVC HM with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S1-R01
	Brest-Sedof-FHD
	37.4
	33.4
	43.8
	30.6

	S1-R02
	Rain Fruits-FHD
	35.4
	30.6
	39.8
	33.9

	S1-R03
	Park Joy-FHD
	26.3
	24.4
	30.8
	28.9

	S1-R04
	Soccer-FHD
	37.9
	37.0
	37.1
	36.5

	S1-R05
	Tunnel Flag-FHD
	53.9
	49.10
	52.7
	51.8

	S1-R06
	Boat-FHD
	32.76
	25.21
	30.0
	27.10

	S1-R07
	Fountain-FHD
	22.98
	21.1
	20.9
	18.7

	S1-R08
	Riverbank-FHD
	39.8
	26.2
	29.5
	28.9

	Minimum
	
	22.98
	21.1
	20.9
	18.7

	Maximum
	
	53.9
	49.10
	52.7
	51.8

	Average
	
	35.8
	30.8
	35.6
	32.0



Table 8.2.4.2-2 BD rate gain of H.266/VVC VTM with S1-VTM-02 against H.265/HEVC HM with configuration S1-HM-02, i.e. with the Full HD HDR scenario reference sequences
	Reference sequence
	Name
	wpsnr
	y_wpsnr
	psnrl100
	de100

	S1-R11
	Life-Untouched-FHD
	38.50
	332.17
	35.78
	59.56

	S1-R12
	Meridian-FHD
	364.18
	298.86
	310.08
	510.29

	S1-R13
	Sol-Levante-FHD
	41.94
	32.72
	38.6
	59.1

	S1-R14
	Cosmos-FHD
	36.61
	23.71
	30.4
	65.7

	S1-R15
	Elevator-FHD
	46.82
	410.38
	41.6
	61.32

	S1-R16
	Sparks-FHD
	40.51
	31.51
	29.67
	57.4

	S1-R17
	Nocturne-FHD
	4039.37
	34.82
	35.9
	52.7

	Minimum
	
	364.18
	23.71
	29.67
	510.29

	Maximum
	
	46.2
	40.8
	41.6
	65.7

	Average
	
	39.5
	31.8
	34.7
	58.1



As an example, Figure 8.2.4.2-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of  H.266/VVC VTM with S1-VTM-01 against H.265/HEVC HM with configuration S1-HM-01 for reference sequence S1-R01.
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Figure 8.2.4.2-1 Rate-Quality curves and BD rate gain for psnr and vmaf of H.266/VVC VTM with S1-VTM-01 against H.265/HEVC HM with configuration S1-HM-01 for reference sequence S1-R01
As another example, Figure 8.2.4.2-2 provides Rate-Quality curves and BD rate gain for wpsnr and de100 of H.266/VVC VTM with S1-VTM-02 against H.265/HEVC HM with configuration S1-HM-02 for reference sequence S1-R11.
[image: Chart

Description automatically generated][image: Chart

Description automatically generated]
[image: ][image: ]
Figure 8.2.4.2-1 Rate-Quality curves and BD rate gain for wpsnr and de100 of H.266/VVC VTM with S1-VTM-02 against H.265/HEVC HM with configuration S1-HM-02 for reference sequence S1-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/VTM/Characterization/.
[bookmark: _Toc104459405]8.2.4.3	Scenario 2: 4K TV
This clause provides characterization of H.266/VVC VTM mode configurations against H.265/HEVC HM for Scenario 2 4K TV. In particular, 
· Table 8.2.4.3-1 provides the BD rate gain of H.266/VVC VTM with S2-VTM-01 against H.265/HEVC HM with configuration S2-HM-01, i.e. with the 4K TV SDR scenario reference sequences
· Table 8.2.4.3-2 provides the BD rate gain of H.266/VVC VTM with S2-VTM-02 against H.265/HEVC HM with configuration S2-HM-02, i.e. with the 4K TV HDR scenario reference sequences
Table 8.2.4.3-1 BD rate gain of H.266/VVC VTM with S2-VTM-01 against H.265/HEVC HM with configuration S2-HM-01, i.e. with the 4K TV SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S2-R01
	Brest-Sedof
	38.9
	33.8
	45.2
	31.5

	S2-R02
	Rain Fruits
	38.7
	33.2
	41.3
	34.6

	S2-R03
	Park Joy
	29.7
	28.3
	33.5
	29.3

	S2-R04
	Soccer
	38.6
	39.8
	39.8
	38.3

	S2-R05
	Tunnel Flag
	52.3
	48.7
	53.2
	52.98

	S2-R06
	Boat
	34.98
	29.43
	36.1
	29.43

	S2-R07
	Fountain
	23.10
	22.1
	23.7
	19.9

	S2-R08
	Riverbank
	37.7
	27.2
	31.2
	27.0

	Minimum
	
	23.10
	22.1
	23.7
	19.9

	Maximum
	
	52.3
	48.7
	53.2
	52.98

	Average
	
	36.7
	32.8
	38.0
	32.98



Table 8.2.4.3-2 BD rate gain of H.266/VVC VTM with S2-VTM-02 against H.265/HEVC HM with configuration S2-HM-02, i.e. with the 4K TV HDR scenario reference sequences
	Reference sequence
	Name
	wpsnr
	y_wpsnr
	psnrl100
	de100

	S2-R11
	Life-Untouched
	37.50
	33.95
	36.9
	56.67

	S2-R12
	Meridian
	321.81
	298.61
	298.39
	42.62

	S2-R13
	Sol-Levante
	454.69
	376.35
	42.9
	62.1

	S2-R14
	Cosmos
	354.28
	25.40
	30.1
	62.7

	S2-R15
	Elevator
	45.71
	40.83
	421.09
	61.5

	S2-R16
	Sparks
	39.73
	321.39
	31.67
	61.7

	S2-R17
	Nocturne
	376.05
	33.62
	34.9
	47.5

	Minimum
	
	321.81
	25.40
	298.39
	42.2

	Maximum
	
	45.71
	40.83
	42.9
	62.7

	Average
	
	398.14
	332.36
	35.43
	56.43



As an example, Figure 8.2.4.3-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of H.266/VVC VTM with S2-VTM-01 against H.265/HEVC HM with configuration S2-HM-01 for reference sequence S2-R01.
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Figure 8.2.4.3-1 Rate-Quality curves and BD rate gain for psnr and vmaf of H.266/VVC VTM with S2-VTM-01 against H.265/HEVC HM with configuration S2-HM-01 for reference sequence S2-R01
As another example, Figure 8.2.4.3-2 provides Rate-Quality curves and BD rate gain for wpsnr and de100 of H.266/VVC VTM with S2-VTM-02 against H.265/HEVC HM with configuration S2-HM-02 for reference sequence S2-R11.
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Figure 8.2.4.3-1 Rate-Quality curves and BD rate gain for wpsnr and de100 of H.266/VVC VTM with S2-VTM-02 against H.265/HEVC HM with configuration S2-HM-02 for reference sequence S2-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-2-4K/VTM/Characterization/.
[bookmark: _Toc104459406]8.2.4.4	Scenario 3: Screen Content
This clause provides characterization of H.266/VVC VTM mode configurations against H.265/HEVC HM for Scenario 3 Screen Content. In particular, 
· Table 8.2.4.4-1 provides the BD rate gain of H.266/VVC VTM with S3-VTM-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no RA.
· Table 8.2.4.4-2 provides the BD rate gain of  H.266/VVC VTM with S3-VTM-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences with fixed Intra every second.
Table 8.2.4.4-1 BD rate gain of H.266/VVC VTM with S3-VTM-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	52.2
	50.5

	S3-R02
	MovingText2-4K-8bit
	52.1
	50.4

	S3-R03
	MovingText2-FullHD-10bit
	57.6
	57.0

	S3-R04
	MovingText2-FullHD-8bit
	57.7
	57.2

	S3-R05
	TextMixTransitions-4K-10bit
	62.1
	58.3

	S3-R06
	TextMixTransitions-4K-8bit
	62.7
	59.3

	S3-R07
	TextMixTransitions-FullHD-10bit
	58.4
	54.2

	S3-R08
	TextMixTransitions-FullHD-8bit
	59.1
	54.4

	S3-R09
	GraphicsMixSimple-4K-10bit
	57.1
	55.2

	S3-R10
	GraphicsMixSimple-4K-8bit
	56.9
	55.1

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	48.1
	45.9

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	48.3
	46.1

	S3-R13
	GraphicsMixTransitions-4K-10bit
	59.0
	57.6

	S3-R14
	GraphicsMixTransitions-4K-8bit
	58.7
	57.2

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	53.6
	51.9

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	54.1
	52.3

	S3-R17
	Mission-Control
	52.2
	51.9

	Minimum
	
	48.1
	45.9

	Maximum
	
	62.7
	59.3

	Average
	
	55.9
	53.8


Table 8.2.4.4-1 BD rate gain of  H.266/VVC VTM with S3-VTM-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	49.3
	46.8

	S3-R02
	MovingText2-4K-8bit
	49.0
	46.6

	S3-R03
	MovingText2-FullHD-10bit
	58.3
	56.3

	S3-R04
	MovingText2-FullHD-8bit
	58.3
	56.3

	S3-R05
	TextMixTransitions-4K-10bit
	56.6
	53.1

	S3-R06
	TextMixTransitions-4K-8bit
	57.9
	55.3

	S3-R07
	TextMixTransitions-FullHD-10bit
	56.4
	51.8

	S3-R08
	TextMixTransitions-FullHD-8bit
	56.0
	51.8

	S3-R09
	GraphicsMixSimple-4K-10bit
	57.3
	55.1

	S3-R10
	GraphicsMixSimple-4K-8bit
	57.2
	55.0

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	50.5
	48.1

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	50.3
	48.0

	S3-R13
	GraphicsMixTransitions-4K-10bit
	57.9
	55.5

	S3-R14
	GraphicsMixTransitions-4K-8bit
	57.8
	55.3

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	52.6
	50.1

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	52.6
	50.2

	S3-R17
	Mission-Control
	48.7
	48.0

	Minimum
	
	48.7
	46.6

	Maximum
	
	58.3
	56.3

	Average
	
	54.5
	52.0



As an example, Figure 8.2.4.4-1 provides Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S3-VTM-01 against H.265/HEVC HM with configuration S3-HM-01 for reference sequences S3-R01 and S3-R17
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Figure 8.2.4.4-1 Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S3-VTM-01 against H.265/HEVC HM with configuration S3-HM-01 for reference sequences S3-R01 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/VTM/Characterization/.
[bookmark: _Toc104459407]8.2.4.5	Scenario 4: Messaging and Social Sharing
This clause provides characterization of H.266/VVC VTM mode configurations against H.265/HEVC HM for Scenario 4 Messaging and Social Sharing. In particular, 
· Table 8.2.4.5-1 provides the BD rate gain of H.266/VVC VTM with S4-VTM-01 against H.265/HEVC HM with configuration S4-HM-01, i.e. with the messaging and social sharing scenario reference sequences and no RA.
· Table 8.2.4.5-2 provides the BD rate gain of H.266/VVC VTM with S4-VTM-02 against H.265/HEVC HM with configuration S4-HM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed Intra every second.
Table 8.2.4.5-1 BD rate gain of H.266/VVC VTM with S4-VTM-01 against H.265/HEVC HM with configuration S4-HM-01, i.e. with the messaging and social sharing scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	232.07
	25.96
	25.4
	243.19

	S4-R02
	Vertical-Walking
	25.2
	27.2
	27.3
	24.2

	S4-R03
	Neon-4K
	26.6
	27.9
	31.7
	30.0

	S4-R04
	Skater-4K
	39.4
	40.7
	38.1
	40.2

	Minimum
	
	232.07
	25.96
	25.4
	243.19

	Maximum
	
	39.4
	40.7
	38.1
	40.2

	Average
	
	28.65
	30.43
	30.6
	29.6


Table 8.2.4.5-2 BD rate gain of H.266/VVC VTM with S4-VTM-02 against H.265/HEVC HM with configuration S4-HM-02, i.e. with the messaging and social sharing scenario reference sequences and fixed Intra every second
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	21.98
	24.5
	24.7
	23.0

	S4-R02
	Vertical-Walking
	20.6
	22.7
	26.6
	19.7

	S4-R03
	Neon-4K
	20.9
	21.7
	29.8
	24.2

	S4-R04
	Skater-4K
	35.7
	35.8
	34.3
	34.2

	Minimum
	
	20.6
	21.7
	24.7
	19.7

	Maximum
	
	35.7
	35.8
	34.3
	34.2

	Average
	
	24.8
	26.2
	28.8
	25.3


 
As an example, Figure 8.2.4.5-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of H.266/VVC VTM with S4-VTM-01 against H.265/HEVC HM with configuration S4-HM-01 for reference sequence S4-R01.
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Figure 8.2.4.5-1 Rate-Quality curves and BD rate gain for psnr and vmaf of H.266/VVC VTM with S4-VTM-01 against H.265/HEVC HM with configuration S4-HM-01 for reference sequence S4-R01
As another example, Figure 8.2.4.5-2 provides Rate-Quality curves and BD rate gain for psnr and vmaf of H.266/VVC VTM with S4-HM-02 against H.265/HEVC HM with configuration S4-HM-02 for reference sequence S4-R01.
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Figure 8.2.4.5-2 Rate-Quality curves and BD rate gain for psnr and vmaf of H.266/VVC VTM with S4-VTM-02 against H.265/HEVC HM with configuration S4-HM-02 for reference sequence S4-R01
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/VTM/Characterization/.
[bookmark: _Toc104459408]8.2.4.6	Scenario 5: Online Gaming
This clause provides characterization of H.266/VVC VTM mode configurations against H.265/HEVC HM for Scenario 5 Online Gaming. In particular, 
· Table 8.2.4.6-1 provides the BD rate gain of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no RA.
· Table 8.2.4.6-2 provides the BD rate gain of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences with fixed Intra every second.
Table 8.2.4.6-1 BD rate gain of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no RA
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	27.7
	29.9

	S5-R02
	Baolei-Man
	25.4
	26.4

	S5-R03
	Baolei-Woman
	31.3
	33.0

	S5-R04
	Baolei-Balloon
	45.1
	46.7

	S5-R05
	Baolei-Yard
	33.3
	34.7

	S5-R06
	Jianling-Temple
	25.5
	25.4

	S5-R07
	Jianling-Beach
	25.2
	24.6

	S5-R08
	Heroes-of-the-Storm
	30.1
	29.0

	S5-R09
	Project-CARS
	31.8
	32.0

	S5-R10
	World-of-WarCraft
	38.0
	36.9

	S5-R11
	MineCraft
	39.2
	36.6

	S5-R12
	CS-GO
	50.2
	50.0

	S5-R13
	StarCraft
	28.9
	28.5

	Minimum
	
	25.2
	24.6

	Maximum
	
	50.2
	50.0

	Average
	
	33.2
	33.4



Table 8.2.4.6-2 BD rate gain of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences and fixed RA every second and fixed QP
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	26.2
	26.9

	S5-R02
	Baolei-Man
	23.9
	24.0

	S5-R03
	Baolei-Woman
	28.6
	29.7

	S5-R04
	Baolei-Balloon
	39.0
	40.8

	S5-R05
	Baolei-Yard
	30.9
	32.2

	S5-R06
	Jianling-Temple
	21.3
	20.9

	S5-R07
	Jianling-Beach
	23.9
	22.3

	S5-R08
	Heroes-of-the-Storm
	29.1
	27.3

	S5-R09
	Project-CARS
	29.9
	28.0

	S5-R10
	World-of-WarCraft
	36.2
	34.4

	S5-R11
	MineCraft
	36.5
	34.2

	S5-R12
	CS-GO
	47.9
	46.1

	S5-R13
	StarCraft
	28.8
	27.4

	Minimum
	
	21.3
	20.9

	Maximum
	
	47.9
	46.1

	Average
	
	30.9
	30.3



As an example, 
· Figure 8.2.4.6-1 provides Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequences S5-R04 and S5-R11.
· Figure 8.2.4.6-2 provides Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequences S5-R04 and S5-R11.
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Figure 8.2.4.6-1 Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequences S5-R04 and S5-R11.
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Figure 8.2.4.6-2 Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequences S5-R04 and S5-R11.
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/VTM/Characterization/.
[bookmark: _Toc104459409]8.2.4.7	Summary
Table 8.2.4.6-1 provides a summary of BD rate gain in psnr and vmaf for SDR and wpsnr and de100 for HDR of H.266/VVC VTM against H.265/HEVC HM for different scenarios and configurations.
Table 8.2.4.7-1 Summary of BD rate gain in psnr and vmaf for SDR and wpsnr and de100 for HDR of H.266/VVC VTM against H.265/HEVC HM for different scenarios and configurations
	Scenario
	average psnr
average wpsnr
	min psnr
min_wpsnr
	max psnr
max_wpsnr
	average vmaf
average_de100
	min vmaf
min_de100
	max vmaf
max_de100

	S1 SDR
	35.8
	22.98
	53.9
	35.6
	20.9
	52.7

	S1 HDR
	39.5
	34.8
	46.2
	58.1
	50.9
	65.7

	S2 SDR
	36.7
	23.10
	52.3
	38.0
	23.7
	53.2

	S2 HDR
	38.4
	31.1
	45.1
	56.3
	42.2
	62.7

	S3 no RA
	55.9
	48.1
	62.7
	n/a
	n/a
	n/a

	S3 RA, fixed QP
	54.5
	48.7
	58.3
	n/a
	n/a
	n/a

	S4 no RA
	28.65
	232.07
	39.4
	30.6
	25.4
	38.1

	S4 RA, fixed QP
	24.8
	20.6
	35.7
	28.8
	24.7
	34.3

	S5 no RA
	33.2
	25.2
	50.2
	n/a
	n/a
	n/a

	S5 RA, fixed QP
	30.9
	21.3
	47.9
	n/a
	n/a
	n/a

	Minimum
	24.8
	20.6
	35.7
	28.8
	20.9
	34.3

	Maximum
	55.9
	48.7
	62.7
	58.138.0
	25.450.9
	53.265.7

	
	average wpsnr
	min_wpsnr
	max_wpsnr
	average_de100
	min_de100
	max_de100

	S1 HDR
	39.5
	36.1
	46.2
	58.1
	51.2
	65.7

	S2 HDR
	39.1
	32.8
	45.7
	56.4
	42.2
	62.7



[bookmark: _Toc104459410]8.2.5 	H.266/VVC against H.265/HEVC SCC
[bookmark: _Toc104459411]8.2.5.1	Introduction
This clause provides a partial characterization of H.266/VVC VTM against H.265/HEVC SCC according to clause 7.2.1. The results provided in clause 6 and 8.2.2 are used for the characterization.
[bookmark: _Toc104459412]8.2.5.2	Scenario 3: Screen Content
This clause provides characterization of H.266/VVC VTM mode configurations against H.265/HEVC SCC for Scenario 3 Screen Content. In particular, 
· Table 8.2.5.2-1 provides the BD rate gain of H.266/VVC VTM with S3-VTM-01/03 against H.265/HEVC SCC with configuration S3-SCC-01/03, i.e. with the screen content scenario reference sequences and no fixed random access.
· Table 8.2.5.2-2 provides the BD rate gain of H.266/VVC VTM with S3-VTM-02/04 against H.265/HEVC SCC with configuration S3-SCC-02/04, i.e. with the screen content scenario reference sequences fixed random access every second.
Table 8.2.5.2-1 BD rate gain of H.266/VVC VTM with S3-VTM-01/03 against H.265/HEVC SCC with configuration S3-SCC-01/03, i.e. with the screen content scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	41.2
	40.9

	S3-R02
	MovingText2-4K-8bit
	41.3
	41.0

	S3-R03
	MovingText2-FullHD-10bit
	53.0
	53.1

	S3-R04
	MovingText2-FullHD-8bit
	52.9
	53.1

	S3-R05
	TextMixTransitions-4K-10bit
	39.9
	36.0

	S3-R06
	TextMixTransitions-4K-8bit
	39.5
	37.4

	S3-R07
	TextMixTransitions-FullHD-10bit
	46.6
	43.4

	S3-R08
	TextMixTransitions-FullHD-8bit
	46.9
	43.4

	S3-R09
	GraphicsMixSimple-4K-10bit
	22.3
	20.0

	S3-R10
	GraphicsMixSimple-4K-8bit
	21.7
	19.7

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	27.8
	26.0

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	27.8
	26.1

	S3-R13
	GraphicsMixTransitions-4K-10bit
	52.0
	50.8

	S3-R14
	GraphicsMixTransitions-4K-8bit
	51.6
	50.5

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	49.9
	48.9

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	50.0
	49.0

	S3-R17
	Mission-Control
	29.3
	28.8

	Minimum
	
	21.7
	19.7

	Maximum
	
	53.0
	53.1

	Average
	
	40.8
	39.3


Table 8.2.5.2-2 BD rate gain of H.266/VVC VTM with S3-VTM-02/04 against H.265/HEVC SCC with configuration S3-SCC-02/04, i.e. with the screen content scenario reference sequences fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	39.1
	37.6

	S3-R02
	MovingText2-4K-8bit
	38.7
	37.5

	S3-R03
	MovingText2-FullHD-10bit
	53.3
	51.5

	S3-R04
	MovingText2-FullHD-8bit
	53.2
	51.6

	S3-R05
	TextMixTransitions-4K-10bit
	19.0
	15.3

	S3-R06
	TextMixTransitions-4K-8bit
	20.7
	18.8

	S3-R07
	TextMixTransitions-FullHD-10bit
	36.6
	32.5

	S3-R08
	TextMixTransitions-FullHD-8bit
	36.2
	32.4

	S3-R09
	GraphicsMixSimple-4K-10bit
	16.7
	13.5

	S3-R10
	GraphicsMixSimple-4K-8bit
	16.8
	13.9

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	27.1
	24.7

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	27.0
	24.9

	S3-R13
	GraphicsMixTransitions-4K-10bit
	42.6
	39.9

	S3-R14
	GraphicsMixTransitions-4K-8bit
	42.4
	39.9

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	43.1
	41.0

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	42.9
	41.1

	S3-R17
	Mission-Control
	20.8
	19.7

	Minimum
	
	16.7
	13.5

	Maximum
	
	53.3
	51.6

	Average
	
	33.9
	31.5



As an example, 
· Figure 8.2.5.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.266/VVC H.265/HEVC SCC VTM with S3-VTM-03 against H.265/HEVC SCC with configuration S3-SCC-03 for reference sequences S3-R01 and S3-R17.
· Figure 8.2.5.2-2 provides Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S3-VTM-04 against H.265/HEVC SCC with configuration S3-SCC-04 for reference sequence s S3-R01 and S3-R17.
[image: Chart

Description automatically generated][image: Chart

Description automatically generated]
Figure 8.2.5.2-1 Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S3-SCC-03 against H.265/HEVC SCC with configuration S3-SCC-03 for reference sequence s S3-R01 and S3-R17
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Figure 8.2.5.2-2 Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S3-VTM-04 against H.265/HEVC SCC with configuration S3-SCC-04 for reference sequence s S3-R01 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/VTM/Characterization/.
[bookmark: _Toc104459413]8.2.5.3	Scenario 5: Online Gaming
This clause provides characterization of H.266/VVC VTM mode configurations against H.265/HEVC SCC for Scenario 5 Online Gaming. In particular, 
· Table 8.2.5.3-1 provides the BD rate gain of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC SCC with configuration S5-SCC-01, i.e. with the online gaming scenario reference sequences and no fixed random access.
· Table 8.2.5.3-2 provides the BD rate gain of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC SCC with configuration S5-SCC-02, i.e. with the online gaming scenario reference sequences and fixed random access every second.
Table 8.2.5.3-1 BD rate gain of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC SCC with configuration S5-SCC-01, i.e. with the online gaming scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	27.6
	29.9

	S5-R02
	Baolei-Man
	25.1
	26.4

	S5-R03
	Baolei-Woman
	30.6
	32.5

	S5-R04
	Baolei-Balloon
	44.6
	46.4

	S5-R05
	Baolei-Yard
	33.1
	34.7

	S5-R06
	Jianling-Temple
	23.5
	23.8

	S5-R07
	Jianling-Beach
	22.0
	22.2

	S5-R08
	Heroes-of-the-Storm
	28.4
	27.5

	S5-R09
	Project-CARS
	29.6
	30.3

	S5-R10
	World-of-WarCraft
	36.8
	36.3

	S5-R11
	MineCraft
	26.2
	26.8

	S5-R12
	CS-GO
	45.5
	46.6

	S5-R13
	StarCraft
	26.0
	26.8

	Minimum
	
	22.0
	22.2

	Maximum
	
	45.5
	46.6

	Average
	
	30.7
	31.6



Table 8.2.5.3-2 BD rate gain of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC SCC with configuration S5-SCC-02, i.e. with the online gaming scenario reference sequences and fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	25.4
	26.3

	S5-R02
	Baolei-Man
	22.8
	23.3

	S5-R03
	Baolei-Woman
	26.7
	28.2

	S5-R04
	Baolei-Balloon
	38.4
	40.3

	S5-R05
	Baolei-Yard
	30.7
	32.2

	S5-R06
	Jianling-Temple
	19.2
	19.2

	S5-R07
	Jianling-Beach
	18.5
	17.8

	S5-R08
	Heroes-of-the-Storm
	26.0
	24.3

	S5-R09
	Project-CARS
	27.1
	25.9

	S5-R10
	World-of-WarCraft
	32.5
	31.2

	S5-R11
	MineCraft
	22.8
	23.1

	S5-R12
	CS-GO
	41.4
	41.1

	S5-R13
	StarCraft
	23.9
	23.7

	Minimum
	
	18.5
	17.8

	Maximum
	
	41.4
	41.1

	Average
	
	27.3
	27.4



As an example, 
· Figure 8.2.5.3-1 provides Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC SCC with configuration S5-SCC-01 for reference sequences S5-R01 and S5-R04.
· Figure 8.2.5.3-2 provides Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC SCC with configuration S5-SCC-02 for reference sequences S5-R01 and S5-R04
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Figure 8.2.5.3-1 Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-01 against H.265/HEVC SCC with configuration S5-SCC-01 for reference sequences S5-R01 and S5-R04
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Figure 8.2.5.3-2 Rate-Quality curves and BD rate gain for psnr of H.266/VVC VTM with S5-VTM-02 against H.265/HEVC SCC with configuration S5-SCC-02 for reference sequences S5-R01 and S5-R04
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/VTM/Characterization/.
[bookmark: _Toc104459414]8.2.5.4	Summary
Table 8.2.5.4-1 provides a summary of BD rate gain in psnr of H.266/VVC VTM against H.265/HEVC SCC for different scenarios and configurations.
Table 8.2.5.4-1 Summary of BD rate gain in psnr of H.266/VVC VTM against H.265/HEVC SCC for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr

	S3 no RA
	40.8
	21.7
	53.0

	S3 RA, fixed QP
	33.9
	16.7
	53.3

	S5 no RA
	30.7
	22.0
	45.5

	S5 RA, fixed QP
	27.4
	18.5
	41.4

	Minimum
	27.4
	18.5
	41.4

	Maximum
	40.8
	22.0
	53.3





=====  CHANGE  =====
[bookmark: _Toc104459450]8.3.3	EVC Characterization against H.264/AVC
[bookmark: _Toc104459451]8.3.3.1	Overview
This clause provides information related to the characterization of EVC against H.264/AVC according to clause 7.2.1. The results provided in clauses 6 and 8.3.2 are considered for the characterization.
Analysis of the PSNR ranges provided in the clause 6 for H.264/AVC and in sub-clauses 8.3.2 of the EVC shows that their rate distortion curves exhibit an average overlap of 70% across scenarios. As a consequence, the aggregation of results for all rate points for all sequences in each scenario is not substantial enough and do not provide an accurate representation for codec characterisation. BD rate gain are not reported in this clause.  
A way to obtain a substantial overlap for accurate estimation of BD rate gain estimates would be to adjust QP values of AVC for better alignments with the ones of HEVC and EVC. 
[bookmark: _Toc104459452]8.3.3.2	Scenario 1: Full HD
This clause provides information related to the characterization of EVC ETM mode configurations against H.264/AVC JM for Scenario 1 Full HD. 
For this scenario, the PSNR ranges of the curves between EVC and H.264/AVC overlaps at an average of 69% and can be as low as 35%. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/ETM/Characterization/.
[bookmark: _Toc104459453]8.3.3.3	Scenario 3: Screen Content
This clause provides information related to the characterization of EVC ETM mode configurations against H.264/AVC JM for Scenario 3 Screen Content. 
For this scenario, the PSNR ranges of the curves between EVC and H.264/AVC overlaps at an average of at 69 % and can be as low as 53 % in the non-RA configuration and an average of 69 % and can be as low as 59 % in the RA configuration. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/ETM/Characterization/.
[bookmark: _Toc104459454]8.3.3.4	Scenario 4: Messaging and Social Sharing
This clause provides information related to the characterization of EVC ETM mode configurations against H.264/AVC JM for Scenario 4 Messaging and Social Sharing. 
For this scenario, the PSNR ranges of the curves between EVC and H.264/AVC overlaps at an average of at 69% and can be as low as 49% in the non-RA configuration and an average of 74% and can be as low as 55% in the RA configuration. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/ETM/Characterization/.
[bookmark: _Toc104459455]8.3.3.5	Scenario 5: Online Gaming
This clause provides information related to the characterization of EVC ETM mode configurations against H.264/AVC JM for Scenario 5 Online Gaming. 
For this scenario, the PSNR ranges of the curves between EVC and H.264/AVC overlaps at an average of at 73% and can be as low as 63% in the non-RA configuration and an average of 79% and can be as low as 69% in the RA configuration. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/ETM/Characterization/.
[bookmark: _Toc104459456]8.3.3.6	Summary
No characterization results are provided due to the lack of substantial overlap of H.264/AVC and EVC characterization results. 
[bookmark: _Toc104459457]8.3.4	EVC ETM Characterization against H.265/HEVC HM
[bookmark: _Toc104459458]8.3.4.1	Overview
This clause provides a full characterization of EVC ETM against H.264265/AVC HEVC HM according to clause 7.2.1. The results provided in clauses 6 and 8.3.2 are used for the characterization.
[bookmark: _Toc104459459]8.3.4.2	Scenario 1: Full HD
This clause provides characterization of EVC ETM mode configurations against H.265/HEVC HM for Scenario 1 Full HD. In particular, 
· Table 8.3.4.2-1 provides the BD rate gain of EVC ETM with S1-ETM-01 against H.265/HEVC HM with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences
· [bookmark: _Hlk111150172]Table 8.3.4.2-2 provides the BD rate gain of EVC ETM with S1-ETM-02 against H.265/HEVC HM with configuration S1-HM-02, i.e. with the Full HD HDR scenario reference sequences
Table 8.3.4.2-1 BD rate gain of EVC ETM with S1-ETM-01 against H.265/HEVC HM with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S1-R01
	Brest-Sedof-FHD
	17.6
	16.9
	29.9
	16.2

	S1-R02
	Rain Fruits-FHD
	16.5
	16.5
	29.7
	17.9

	S1-R03
	Park Joy-FHD
	12.2
	12.9
	20.6
	15.3

	S1-R04
	Soccer-FHD
	22.0
	22.2
	24.1
	21.1

	S1-R05
	Tunnel Flag-FHD
	34.98
	34.10
	40.3
	36.1

	S1-R06
	Boat-FHD
	12.87
	13.10
	20.67
	13.10

	S1-R07
	Fountain-FHD
	13.8
	13.4
	14.1
	11.9

	S1-R08
	Riverbank-FHD
	15.0
	12.3
	20.6
	12.4

	Minimum
	
	12.2
	12.3
	14.1
	11.9

	Maximum
	
	34.98
	34.01
	40.3
	36.1

	Average
	
	18.1
	17.7
	25.0
	18.0



Table 8.3.4.2-2 BD rate gain of EVC ETM with S1-ETM-02 against H.265/HEVC HM with configuration S1-HM-02, i.e. with the Full HD HDR scenario reference sequences
	Reference sequence
	Name
	wpsnr
	y_wpsnr
	psnrl100
	de100

	S1-R11
	Life-Untouched-FHD
	15.1
	16.89
	18.0
	10.67

	S1-R12
	Meridian-FHD
	12.95
	12.40
	12.25
	18.95

	S1-R13
	Sol-Levante-FHD
	25.7
	20.3
	27.5
	41.5

	S1-R14
	Cosmos-FHD
	25.8
	16.6
	25.3
	60.8

	S1-R15
	Elevator-FHD
	23.43
	22.5
	19.76
	20.21

	S1-R16
	Sparks-FHD
	18.2
	16.1
	14.65
	28.4

	S1-R17
	Nocturne-FHD
	27.4
	27.4
	21.3
	22.0

	Minimum
	
	12.95
	12.40
	12.52
	10.67

	Maximum
	
	27.4
	27.4
	27.5
	60.8

	Average
	
	21.21
	18.98
	19.8
	28.9



As an example, Figure 8.3.4.2-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S1-ETM-01 against H.265/HEVC HM with configuration S1-HM-01 for reference sequence S1-R01.
[image: Diagram

Description automatically generated][image: Chart

Description automatically generated]
Figure 8.3.4.2-1 Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S1-ETM-01 against H.265/HEVC HM with configuration S1-HM-01 for reference sequence S1-R01
As another example, Figure 8.3.4.2-2 provides Rate-Quality curves and BD rate gain for wpsnr of EVC ETM with S1-ETM-02 against H.265/HEVC HM with configuration S1-HM-02 for reference sequence S1-R11.
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Figure 8.3.4.2-1 Rate-Quality curves and BD rate gain for wpsnr of EVC ETM with S1-ETM-02 against H.265/HEVC HM with configuration S1-HM-02 for reference sequence S1-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/ETM/Characterization/.
[bookmark: _Toc104459460]8.3.4.3	Scenario 2: 4K TV
This clause provides characterization of EVC ETM mode configurations against H.265/HEVC HM for Scenario 2 4K TV. In particular, 
· Table 8.3.4.3-1 provides the BD rate gain of EVC ETM with S2-ETM-01 against H.265/HEVC HM with configuration S2-HM-01, i.e. with the 4K TV SDR scenario reference sequences
· Table 8.3.4.3-2 provides the BD rate gain of EVC ETM with S2-ETM-02 against H.265/HEVC HM with configuration S2-HM-02, i.e. with the 4K TV HDR scenario reference sequences
Table 8.3.4.3-1 BD rate gain of EVC ETM with S2-ETM-01 against H.265/HEVC HM with configuration S2-HM-01, i.e. with the 4K TV SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S2-R01
	Brest-Sedof
	19.9
	18.8
	32.6
	18.4

	S2-R02
	Rain Fruits
	19.7
	20.0
	31.1
	20.3

	S2-R03
	Park Joy
	16.8
	18.0
	24.5
	17.2

	S2-R04
	Soccer
	24.1
	25.2
	25.7
	23.3

	S2-R05
	Tunnel Flag
	36.2
	35.4
	41.8
	38.54

	S2-R06
	Boat
	16.43
	176.09
	26.1
	15.53

	S2-R07
	Fountain
	13.4
	13.9
	14.4
	12.1

	S2-R08
	Riverbank
	16.7
	15.3
	21.6
	14.1

	Minimum
	
	13.4
	13.9
	14.4
	12.1

	Maximum
	
	36.2
	35.4
	41.8
	38.54

	Average
	
	20.4
	20.4
	27.2
	19.9



Table 8.3.4.3-2 BD rate gain of EVC ETM with S2-ETM-02 against H.265/HEVC HM with configuration S2-HM-02, i.e. with the 4K TV HDR scenario reference sequences
	Reference sequence
	Name
	wpsnr
	y_wpsnr
	psnrl100
	de100

	S2-R11
	Life-Untouched
	16.89
	18.4
	19.3
	10.89

	S2-R12
	Meridian
	12.95
	121.28
	11.50
	18.83

	S2-R13
	Sol-Levante
	31.4
	25.8
	32.7
	48.2

	S2-R14
	Cosmos
	26.4
	19.5
	27.3
	59.6

	S2-R15
	Elevator
	24.76
	22.98
	221.09
	25.76

	S2-R16
	Sparks
	21.32
	17.9
	16.8
	35.67

	S2-R17
	Nocturne
	29.5
	28.7
	26.3
	27.2

	Minimum
	
	12.95
	111.18
	11.50
	10.89

	Maximum
	
	31.4
	28.7
	32.7
	59.6

	Average
	
	23.32
	20.87
	22.32
	32.32



As an example, Figure 8.3.4.3-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S2-ETM-01 against H.265/HEVC HM with configuration S2-HM-01 for reference sequence S2-R01.
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Figure 8.3.4.3-1 Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S2-ETM-01 against H.265/HEVC HM with configuration S2-HM-01 for reference sequence S2-R01
As another example, Figure 8.3.4.3-2 provides Rate-Quality curves and BD rate gain for wpsnr and de100 of EVC ETM with S2-ETM-02 against H.265/HEVC HM with configuration S2-HM-02 for reference sequence S2-R11.
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Figure 8.3.4.3-1 Rate-Quality curves and BD rate gain for wpsnr and de100 of EVC ETM with S2-ETM-02 against H.265/HEVC HM with configuration S2-HM-02 for reference sequence S2-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-2-4K/ETM/Characterization/.
[bookmark: _Toc104459461]8.3.4.4	Scenario 3: Screen Content
This clause provides characterization of EVC ETM mode configurations against H.265/HEVC HM for Scenario 3 Screen Content. In particular, 
· Table 8.3.4.4-1 provides the BD rate gain of EVC ETM with S3-ETM-01 against H.265/HEVC HM with configuration S3-HM-01, i.e. with the screen content scenario reference sequences and no fixed random access.
· Table 8.3.4.4-2 provides the BD rate gain of EVC ETM with S3-ETM-02 against H.265/HEVC HM with configuration S3-HM-02, i.e. with the screen content scenario reference sequences with fixed random access every second.
Table 8.3.4.4-1 BD rate gain of EVC ETM with S3-ETM-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	23.8
	25.1

	S3-R02
	MovingText2-4K-8bit
	24.1
	25.5

	S3-R03
	MovingText2-FullHD-10bit
	29.4
	33.2

	S3-R04
	MovingText2-FullHD-8bit
	29.6
	33.1

	S3-R05
	TextMixTransitions-4K-10bit
	14.8
	11.9

	S3-R06
	TextMixTransitions-4K-8bit
	13.2
	11.7

	S3-R07
	TextMixTransitions-FullHD-10bit
	19.8
	19.7

	S3-R08
	TextMixTransitions-FullHD-8bit
	20.1
	19.8

	S3-R09
	GraphicsMixSimple-4K-10bit
	21.5
	20.9

	S3-R10
	GraphicsMixSimple-4K-8bit
	21.5
	21.0

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	16.7
	16.6

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	18.6
	18.6

	S3-R13
	GraphicsMixTransitions-4K-10bit
	28.1
	27.8

	S3-R14
	GraphicsMixTransitions-4K-8bit
	28.0
	27.7

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	28.0
	28.6

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	28.5
	29.1

	S3-R17
	Mission-Control
	27.8
	27.8

	Minimum
	
	13.2
	11.7

	Maximum
	
	29.6
	33.2

	Average
	
	23.1
	23.4


Table 8.3.4.4-2 BD rate gain of EVC ETM with S3-ETM-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	19.6
	19.1

	S3-R02
	MovingText2-4K-8bit
	19.8
	19.4

	S3-R03
	MovingText2-FullHD-10bit
	27.9
	30.1

	S3-R04
	MovingText2-FullHD-8bit
	28.2
	30.4

	S3-R05
	TextMixTransitions-4K-10bit
	11.2
	7.4

	S3-R06
	TextMixTransitions-4K-8bit
	10.5
	7.5

	S3-R07
	TextMixTransitions-FullHD-10bit
	20.3
	19.5

	S3-R08
	TextMixTransitions-FullHD-8bit
	19.7
	19.1

	S3-R09
	GraphicsMixSimple-4K-10bit
	24.5
	24.2

	S3-R10
	GraphicsMixSimple-4K-8bit
	24.5
	24.4

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	23.6
	24.0

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	24.0
	24.5

	S3-R13
	GraphicsMixTransitions-4K-10bit
	24.1
	23.8

	S3-R14
	GraphicsMixTransitions-4K-8bit
	24.2
	24.2

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	25.3
	25.9

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	25.4
	26.1

	S3-R17
	Mission-Control
	27.5
	27.1

	Minimum
	
	10.5
	7.4

	Maximum
	
	28.2
	30.4

	Average
	
	22.4
	22.2



As an example, Figure 8.3.4.4-1 provides Rate-Quality curves and BD rate gain for psnr of EVC ETM with S3-ETM-01 against H.265/HEVC HM with configuration S3-HM-01 for reference sequences S3-R01 and S3-R17.
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Figure 8.3.4.4-1 Rate-Quality curves and BD rate gain for psnr of EVC ETM with S3-ETM-01 against H.265/HEVC HM with configuration S3-HM-01 for references sequence S3-R01 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/ETM/Characterization/.
[bookmark: _Toc104459462]8.3.4.5	Scenario 4: Messaging and Social Sharing
This clause provides characterization of EVC ETM mode configurations against H.265/HEVC HM for Scenario 4 Messaging and Social Sharing. In particular, 
· Table 8.3.4.5-1 provides the BD rate gain of EVC ETM with S4-ETM-01 against H.265/HEVC HM with configuration S4-HM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed random access.
· Table 8.3.4.5-2 provides the BD rate gain of EVC ETM with S4-ETM-02 against H.265/HEVC HM with configuration S4-HM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed random access every second.
Table 8.3.4.5-1 BD rate gain of EVC ETM with S4-ETM-01 against H.265/HEVC HM with configuration S4-HM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	176.08
	17.85
	17.7
	15.64

	S4-R02
	Vertical-Walking
	16.5
	17.9
	20.5
	15.4

	S4-R03
	Neon-4K
	17.8
	17.7
	22.3
	17.7

	S4-R04
	Skater-4K
	31.4
	31.7
	29.0
	31.2

	Minimum
	
	16.5
	17.75
	17.7
	15.4

	Maximum
	
	31.4
	31.7
	29.0
	31.2

	Average
	
	20.76
	21.32
	22.4
	2019.09


Table 8.3.4.5-2 BD rate gain of EVC ETM with S4-ETM-02 against H.265/HEVC HM with configuration S4-HM-02, i.e. with the messaging and social sharing scenario reference sequences and fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	16.4
	17.0
	18.0
	15.2

	S4-R02
	Vertical-Walking
	13.2
	14.0
	20.0
	11.3

	S4-R03
	Neon-4K
	14.6
	13.2
	19.3
	12.7

	S4-R04
	Skater-4K
	28.7
	27.5
	27.2
	25.6

	Minimum
	
	13.2
	13.2
	18.0
	11.3

	Maximum
	
	28.7
	27.5
	27.2
	25.6

	Average
	
	18.2
	17.9
	21.1
	16.2


 
As an example, Figure 8.3.4.5-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S4-ETM-01 against H.265/HEVC HM with configuration S4-HM-01 for reference sequence S4-R01.
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Figure 8.3.4.5-1 Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S4-ETM-01 against H.265/HEVC HM with configuration S4-HM-01 for reference sequence S4-R01
As another example, Figure 8.3.4.5-2 provides Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S4-HM-02 against H.265/HEVC HM with configuration S4-HM-02 for reference sequence S4-R01.
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Figure 8.3.4.5-2 Rate-Quality curves and BD rate gain for psnr and vmaf of EVC ETM with S4-ETM-02 against H.265/HEVC HM with configuration S4-HM-02 for reference sequence S4-R01
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/ETM/Characterization/.
[bookmark: _Toc104459463]8.3.4.6	Scenario 5: Online Gaming
This clause provides characterization of EVC ETM mode configurations against H.265/HEVC HM for Scenario 5 Online Gaming. In particular, 
· Table 8.3.4.6-1 provides the BD rate gain of EVC ETM with S5-ETM-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no fixed random access.
· Table 8.3.4.6-2 provides the BD rate gain of EVC ETM with S5-ETM-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences with fixed random access every second.
Table 8.3.4.6-1 BD rate gain of EVC ETM with S5-ETM-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	17.0
	16.7

	S5-R02
	Baolei-Man
	15.1
	15.8

	S5-R03
	Baolei-Woman
	20.3
	20.7

	S5-R04
	Baolei-Balloon
	27.5
	28.3

	S5-R05
	Baolei-Yard
	21.9
	22.6

	S5-R06
	Jianling-Temple
	5.7
	5.6

	S5-R07
	Jianling-Beach
	13.0
	11.6

	S5-R08
	Heroes-of-the-Storm
	15.2
	14.6

	S5-R09
	Project-CARS
	20.1
	20.0

	S5-R10
	World-of-WarCraft
	20.2
	20.0

	S5-R11
	MineCraft
	14.5
	14.6

	S5-R12
	CS-GO
	22.0
	24.8

	S5-R13
	StarCraft
	15.7
	14.6

	Minimum
	
	5.7
	5.6

	Maximum
	
	27.5
	28.3

	Average
	
	17.6
	17.7



Table 8.3.4.6-2 BD rate gain of EVC ETM with S5-ETM-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences and fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	15.5
	15.2

	S5-R02
	Baolei-Man
	13.4
	13.6

	S5-R03
	Baolei-Woman
	18.1
	18.2

	S5-R04
	Baolei-Balloon
	25.5
	26.2

	S5-R05
	Baolei-Yard
	20.9
	21.3

	S5-R06
	Jianling-Temple
	2.8
	3.0

	S5-R07
	Jianling-Beach
	11.6
	10.3

	S5-R08
	Heroes-of-the-Storm
	12.0
	11.7

	S5-R09
	Project-CARS
	17.9
	16.0

	S5-R10
	World-of-WarCraft
	20.2
	20.0

	S5-R11
	MineCraft
	10.2
	10.5

	S5-R12
	CS-GO
	26.8
	26.8

	S5-R13
	StarCraft
	13.5
	13.2

	Minimum
	
	2.8
	3.0

	Maximum
	
	26.8
	26.8

	Average
	
	16.0
	15.8



As an example, 
· Figure 8.3.4.6-1 provides Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequences S5-R04 and S5-R11
· Figure 8.3.4.6-2 provides Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequences S5-R04 and S5-R11
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Figure 8.3.4.6-1 Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-01 against H.265/HEVC HM with configuration S5-HM-01 for sequences S5-R04 and S5-R11
[image: Chart

Description automatically generated] [image: A picture containing chart

Description automatically generated]
Figure 8.3.4.6-2 Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequences S5-R04 and S5-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/ETM/Characterization/.
[bookmark: _Toc104459464]8.3.4.7	Summary
Table 8.3.4.6-1 provides a summary of BD rate gain in psnr and vmaf for SDR and wpsnr and de100 for HDR of EVC ETM against H.265/HEVC HM for different scenarios and configurations.
Table 8.3.4.7-1 Summary of BD rate gain in psnr and vmaf for SDR and wpsnr and de100 for HDR of EVC ETM against H.265/HEVC HM for different scenarios and configurations
	Scenario
	average psnr
average wpsnr
	min psnr
min_wpsnr
	max psnr
max_wpsnr
	average vmaf
average_de100
	min vmaf
min_de100
	max vmaf
max_de100

	S1 SDR
	18.1
	12.2
	34.98
	25.0
	14.1
	40.3

	S1 HDR
	21.1
	12.5
	27.4
	28.9
	10.7
	60.8

	S2 SDR
	20.4
	13.4
	36.2
	27.2
	14.4
	41.8

	S2 HDR
	23.2
	12.5
	31.4
	32.2
	10.9
	59.6

	S3 no RA
	23.4
	13.2
	29.6
	n/a
	n/a
	n/a

	S3 RA, fixed QP
	22.4
	10.5
	28.2
	n/a
	n/a
	n/a

	S4 no RA
	20.76
	16.5
	31.4
	22.4
	17.7
	29.0

	S4 RA, fixed QP
	18.2
	13.2
	28.7
	21.1
	18.0
	27.2

	S5 no RA
	17.6
	5.7
	27.5
	n/a
	n/a
	n/a

	S5 RA, fixed QP
	16.0
	2.8
	26.8
	n/a
	n/a
	n/a

	Minimum
	16.0
	2.8
	26.8
	21.1
	10.7
	27.2

	Maximum
	23.4
	16.5
	36.2
	3227.2
	18.0
	6041.8

	
	average wpsnr
	min_wpsnr
	max_wpsnr
	average_de100
	min_de100
	max_de100

	S1 HDR
	21.2
	12.9
	27.4
	28.9
	10.6
	60.8

	S2 HDR
	23.3
	12.9
	31.4
	32.3
	10.8
	59.6



[bookmark: _Toc104459465]8.3.5 	EVC Characterization against H.265/HEVC SCC
[bookmark: _Toc104459466]8.3.5.1	Introduction
This clause provides a partial characterization of EVC ETM against H.265/HEVC SCC according to clause 7.2.1. The results provided in clause 6 and 8.3.2 are used for the characterization.
[bookmark: _Toc104459467]8.3.5.2	Scenario 3: Screen Content
This clause provides characterization of EVC ETM mode configurations against H.265/HEVC SCC for Scenario 3 Screen Content. In particular, 
· Table 8.3.5.2-1 provides the BD rate gain of EVC ETM with S3-ETM-01/03 against H.265/HEVC SCC with configuration S3-SCC-01/03, i.e. with the screen content scenario reference sequences and no fixed random access.
· Table 8.3.5.2-2 provides the BD rate gain of EVC ETM with S3-ETM-02/04 against H.265/HEVC SCC with configuration S3-SCC-02/04, i.e. with the screen content scenario reference sequences fixed random access every second.
Table 8.3.5.2-1 BD rate gain of EVC ETM with S3-ETM-01/03 against H.265/HEVC SCC with configuration S3-SCC-01/03, i.e. with the screen content scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	5.8
	10.3

	S3-R02
	MovingText2-4K-8bit
	6.6
	11.2

	S3-R03
	MovingText2-FullHD-10bit
	21.5
	26.8

	S3-R04
	MovingText2-FullHD-8bit
	21.3
	26.5

	S3-R05
	TextMixTransitions-4K-10bit
	-35.2
	-32.6

	S3-R06
	TextMixTransitions-4K-8bit
	-38.8
	-33.3

	S3-R07
	TextMixTransitions-FullHD-10bit
	-3.6
	0.8

	S3-R08
	TextMixTransitions-FullHD-8bit
	-4
	0.6

	S3-R09
	GraphicsMixSimple-4K-10bit
	-39.1
	-38.5

	S3-R10
	GraphicsMixSimple-4K-8bit
	-39.3
	-38.4

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	-15.1
	-13.4

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	-12.9
	-11.1

	S3-R13
	GraphicsMixTransitions-4K-10bit
	15.9
	16.5

	S3-R14
	GraphicsMixTransitions-4K-8bit
	15.6
	16.5

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	22.3
	24.2

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	22.2
	24.2

	S3-R17
	Mission-Control
	-7.5
	-7.6

	Minimum
	
	-39.3
	-38.5

	Maximum
	
	22.3
	26.8

	Average
	
	-3.8
	-1.0


Table 8.3.5.2-2 BD rate gain of EVC ETM with S3-ETM-02/04 against H.265/HEVC SCC with configuration S3-SCC-02/04, i.e. with the screen content scenario reference sequences fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	2.4
	4.4

	S3-R02
	MovingText2-4K-8bit
	2.8
	4.9

	S3-R03
	MovingText2-FullHD-10bit
	18.7
	22.1

	S3-R04
	MovingText2-FullHD-8bit
	18.9
	22.6

	S3-R05
	TextMixTransitions-4K-10bit
	-63.9
	-63.6

	S3-R06
	TextMixTransitions-4K-8bit
	-65.9
	-63.7

	S3-R07
	TextMixTransitions-FullHD-10bit
	-16.1
	-12.5

	S3-R08
	TextMixTransitions-FullHD-8bit
	-17.0
	-13.2

	S3-R09
	GraphicsMixSimple-4K-10bit
	-44.9
	-44.1

	S3-R10
	GraphicsMixSimple-4K-8bit
	-44.6
	-42.8

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	-12.1
	-9.8

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	-11.3
	-8.7

	S3-R13
	GraphicsMixTransitions-4K-10bit
	-3.1
	-2.5

	S3-R14
	GraphicsMixTransitions-4K-8bit
	-2.9
	-1.5

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	10.3
	12.5

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	10.1
	12.7

	S3-R17
	Mission-Control
	-12.8
	-13.3

	Minimum
	
	-65.9
	-63.7

	Maximum
	
	18.9
	22.6

	Average
	
	-13.6
	-11.6



As an example, 
· Figure 8.3.5.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCCEVC ETM with S3-ETM-03 against H.265/HEVC SCC with configuration S3-SCC-03 for reference sequences S3-R01 and S3-R17
· Figure 8.3.5.2-2 provides Rate-Quality curves and BD rate gain for psnr of EVC ETM with S3-ETM-04 against H.265/HEVC SCC with configuration S3-SCC-04 for reference sequences S3-R01 and S3-R17
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Figure 8.3.5.2-1 Rate-Quality curves and BD rate gain for psnr of EVC ETM with S3-SCC-03 against H.265/HEVC SCC with configuration S3-SCC-03 for reference sequences S3-R01 and S3-R17
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Figure 8.3.5.2-2 Rate-Quality curves and BD rate gain for psnr of EVC ETM with S3-ETM-04 against H.265/HEVC SCC with configuration S3-SCC-04 for reference sequences S3-R01 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/ETM/Characterization/.
[bookmark: _Toc104459468]8.3.5.3	Scenario 5: Online Gaming
This clause provides characterization of EVC ETM mode configurations against H.265/HEVC SCC for Scenario 5 Online Gaming. In particular, 
· Table 8.3.5.3-1 provides the BD rate gain of EVC ETM with S5-ETM-01 against H.265/HEVC SCC with configuration S5-SCC-01, i.e. with the online gaming scenario reference sequences and no fixed random access.
· Table 8.3.5.3-2 provides the BD rate gain of EVC ETM with S5-ETM-02 against H.265/HEVC SCC with configuration S5-SCC-02, i.e. with the online gaming scenario reference sequences and fixed random access every second.
Table 8.3.5.3-1 BD rate gain of EVC ETM with S5-ETM-01 against H.265/HEVC SCC with configuration S5-SCC-01, i.e. with the online gaming scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	16.8
	16.8

	S5-R02
	Baolei-Man
	14.8
	15.8

	S5-R03
	Baolei-Woman
	19.5
	20.0

	S5-R04
	Baolei-Balloon
	26.9
	27.8

	S5-R05
	Baolei-Yard
	21.7
	22.5

	S5-R06
	Jianling-Temple
	3.1
	3.5

	S5-R07
	Jianling-Beach
	9.2
	8.7

	S5-R08
	Heroes-of-the-Storm
	13.1
	12.8

	S5-R09
	Project-CARS
	17.4
	18.1

	S5-R10
	World-of-WarCraft
	18.7
	19.3

	S5-R11
	MineCraft
	-2.5
	2.6

	S5-R12
	CS-GO
	14.6
	19.6

	S5-R13
	StarCraft
	12.3
	12.6

	Minimum
	
	-2.5
	2.6

	Maximum
	
	26.9
	27.8

	Average
	
	14.3
	15.4



Table 8.3.5.3-2 BD rate gain of EVC ETM with S5-ETM-02 against H.265/HEVC SCC with configuration S5-SCC-02, i.e. with the online gaming scenario reference sequences and fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	14.6
	14.5

	S5-R02
	Baolei-Man
	12.2
	12.8

	S5-R03
	Baolei-Woman
	15.9
	16.4

	S5-R04
	Baolei-Balloon
	24.8
	25.6

	S5-R05
	Baolei-Yard
	20.7
	21.3

	S5-R06
	Jianling-Temple
	0.1
	0.8

	S5-R07
	Jianling-Beach
	5.1
	4.9

	S5-R08
	Heroes-of-the-Storm
	8.0
	8.0

	S5-R09
	Project-CARS
	14.5
	13.5

	S5-R10
	World-of-WarCraft
	15.5
	15.9

	S5-R11
	MineCraft
	-8.6
	-4.0

	S5-R12
	CS-GO
	16.9
	19.4

	S5-R13
	StarCraft
	7.5
	8.6

	Minimum
	
	-8.6
	-4.0

	Maximum
	
	24.8
	25.6

	Average
	
	11.3
	12.1



As an example, 
· Figure 8.3.5.3-1 provides Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-01 against H.265/HEVC SCC with configuration S5-SCC-01 for reference sequences S5-R01 and S5-R04
· Figure 8.3.5.3-2 provides Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-02 against H.265/HEVC SCC with configuration S5-SCC-02 for reference sequences S5-R01 and S5-R04
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Figure 8.3.5.3-1 Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-01 against H.265/HEVC SCC with configuration S5-SCC-01 for reference sequences S5-R01 and S5-R04
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Figure 8.3.5.3-2 Rate-Quality curves and BD rate gain for psnr of EVC ETM with S5-ETM-02 against H.265/HEVC SCC with configuration S5-SCC-02 for reference sequences S5-R01 and S5-R04
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/ETM/Characterization/.
[bookmark: _Toc104459469]8.3.5.4	Summary
Table 8.3.5.4-1 provides a summary of BD rate gain in psnr of EVC ETM against H.265/HEVC SCC for different scenarios and configurations.
Table 8.3.5.4-1 Summary of BD rate gain in psnr of EVC ETM against H.265/HEVC SCC for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr

	S3 no RA
	-3.8
	-39.3
	22.3

	S3 RA, fixed QP
	-13.6
	-65.9
	18.9

	S5 no RA
	14.3
	-2.5
	26.9

	S5 RA, fixed QP
	11.3
	-8.6
	24.8

	Minimum
	-13.6
	-65.9
	18.9

	Maximum
	14.3
	-2.5
	26.9





=====  CHANGE  =====
[bookmark: _Toc104459507][bookmark: _Toc104459517]8.4.3	AV1 Characterization against H.264/AVC
[bookmark: _Toc104459508]8.4.3.1	Overview
This clause provides information related to the characterization of AV1 against H.264/AVC according to clause 7.2.1. The results provided in clauses 6 and 8.4.2 are considered for the characterization.
The results in clause 6 for the anchor are not verified. 
Analysis of the PSNR ranges provided in the clause 6 for H.264/AVC and in sub-clauses 8.2.2 of the AV1 shows that their rate distortion curves exhibit an average overlap of 50% across scenarios. As a consequence, the aggregation of results for all rate points for all sequences in each scenario is not substantial enough and do not provide an accurate representation for codec characterisation. BD rate gain are not reported in this clause.  
A way to obtain a substantial overlap for accurate estimation of BD rate gain estimates would be to adjust QP values of AVC and AV1 for better alignments with the ones of HM. 
[bookmark: _Toc104459509]8.4.3.2	Scenario 1: Full HD
This clause provides information related to the characterization of AV1 libaom mode configurations against H.264/AVC JM for Scenario 1 Full HD. 
For this scenario, the PSNR ranges of the curves between AV1 and H.264/AVC overlaps at an average of at 53% and can be as low as 21%. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/AV1/Characterization/.
[bookmark: _Toc104459510]8.4.3.3	Scenario 3: Screen Content
This clause provides information related to the characterization of AV1 libaom mode configurations against H.264/AVC JM for Scenario 3 Screen Content. 
For this scenario, the PSNR ranges of the curves between AV1 and H.264/AVC overlaps at an average of at 34 % and can be as low as 29 % in the non-RA configuration and an average of 77 % and can be as low as 69 % in the RA configuration. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/AV1/Characterization/.
[bookmark: _Toc104459511]8.4.3.4	Scenario 4: Messaging and Social Sharing
This clause provides information related to the characterization of AV1 libaom mode configurations against H.264/AVC JM for Scenario 4 Messaging and Social Sharing.
For this scenario, the PSNR ranges of the curves between AV1 and H.264/AVC overlaps at an average of at 46% and can be as low as 30% in the non-RA configuration and an average of 57% and can be as low as 51% in the RA configuration. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/AV1/Characterization/.
[bookmark: _Toc104459512]8.4.3.5	Scenario 5: Online Gaming
This clause provides information related to the characterization of AV1 libaom mode configurations against H.264/AVC JM for Scenario 5 Online Gaming. 
For this scenario, the PSNR ranges of the curve between AV1 and H.264/AVC overlaps at an average of at 40% and can be as low as 25% in the non-RA configuration and an average of 59% and can be as low as 54% in the RA configuration. Details on overlap values can be found here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/AV1/Characterization/.
[bookmark: _Toc100838012][bookmark: _Toc104459513]8.4.3.6	Summary
No characterization results are provided due to the lack of substantial overlap of H.264/AVC and AV1 characterization results.
[bookmark: _Toc104459514]8.4.4	AV1 libaom Characterization against H.265/HEVC HM
[bookmark: _Toc104459515]8.4.4.1	Overview
This clause provides a full characterization of AV1 against H.264265/AVC HEVC according to clause 7.2.1. The results provided in clauses 6 and 8.4.2 are used for the characterization.
[bookmark: _Toc104459516]8.4.4.2	Scenario 1: Full HD
This clause provides characterization of AV1 libaom mode configurations against H.265/HEVC HM for Scenario 1 Full HD. In particular, 
· Table 8.4.4.2-1 provides the BD rate gain of AV1 libaom with S1-AV1-01 against H.265/HEVC HM with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences
· Table 8.4.4.2-2 provides the BD rate gain of AV1 libaom with S1-AV1-02 against H.265/HEVC HM with configuration S1-HM-02, i.e. with the Full HD HDR scenario reference sequences
Table 8.4.4.2-1 BD rate gain of AV1 libaom with S1-AV1-01 against H.265/HEVC HM with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S1-R01
	Brest-Sedof-FHD
	24.2
	18.1
	34.5
	10.6

	S1-R02
	Rain Fruits-FHD
	19.2
	10.5
	20.0
	16.5

	S1-R03
	Park Joy-FHD
	14.4
	10.6
	17.7
	15.4

	S1-R04
	Soccer-FHD
	156.80
	134.80
	14.0
	12.47

	S1-R05
	Tunnel Flag-FHD
	28.3
	19.2
	22.9
	22.0

	S1-R06
	Boat-FHD
	15.86
	7.98
	14.2
	98.08

	S1-R07
	Fountain-FHD
	10.7
	11.0
	8.3
	9.8

	S1-R08
	Riverbank-FHD
	24.8
	11.7
	16.5
	12.6

	Minimum
	
	10.7
	7.98
	8.3
	98.08

	Maximum
	
	28.3
	19.2
	34.5
	22.0

	Average
	
	19.1
	12.9
	18.5
	13.5



Table 8.4.4.2-2 BD rate gain of AV1 libaom with S1-AV1-02 against H.265/HEVC HM with configuration S1-HM-02, i.e. with the Full HD HDR scenario reference sequences
	Reference sequence
	Name
	wpsnr
	y_wpsnr
	psnrl100
	de100

	S1-R11
	Life-Untouched-FHD
	13.89
	15.23
	17.89
	-3.54

	S1-R12
	Meridian-FHD
	4.51
	9.810.1
	13.63
	-1413.84

	S1-R13
	Sol-Levante-FHD
	22.9
	26.6
	23.7
	13.8

	S1-R14
	Cosmos-FHD
	10.3
	18.1
	7.5
	-15.0

	S1-R15
	Elevator-FHD
	23.98
	25.2
	26.6
	18.5

	S1-R16
	Sparks-FHD
	18.0
	20.0
	20.78
	8.43

	S1-R17
	Nocturne-FHD
	10.9
	18.6
	10.7
	0.4

	Minimum
	
	4.51
	10.19.8
	7.5
	-15.0

	Maximum
	
	23.98
	26.6
	26.6
	18.5

	Average
	
	14.98
	19.1
	17.2
	1.32


As an example, Figure 8.4.4.2-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S1-AV1-01 against H.265/HEVC HM with configuration S1-HM-01 for reference sequence S1-R01.
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Figure 8.4.4.2-1 Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S1-AV1-01 against H.265/HEVC HM with configuration S1-HM-01 for reference sequence S1-R01
As another example, Figure 8.4.4.2-2 provides Rate-Quality curves and BD rate gain for wpsnr and de100 of AV1 libaom with S1-AV1-02 against H.265/HEVC HM with configuration S1-HM-02 for reference sequence S1-R11.
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Figure 8.4.4.2-1 Rate-Quality curves and BD rate gain for wpsnr and de100 of AV1 libaom with S1-AV1-02 against H.265/HEVC HM with configuration S1-HM-02 for reference sequence S1-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-1-FHD/AV1/Characterization/.
8.4.4.3	Scenario 2: 4K TV
This clause provides characterization of AV1 libaom mode configurations against H.265/HEVC HM for Scenario 2 4K TV. In particular, 
· Table 8.4.4.3-1 provides the BD rate gain of AV1 libaom with S2-AV1-01 against H.265/HEVC HM with configuration S2-HM-01, i.e. with the 4K TV SDR scenario reference sequences
· Table 8.4.4.3-2 provides the BD rate gain of AV1 libaom with S2-AV1-02 against H.265/HEVC HM with configuration S2-HM-02, i.e. with the 4K TV HDR scenario reference sequences
Table 8.4.4.3-1 BD rate gain of AV1 libaom with S2-AV1-01 against H.265/HEVC HM with configuration S2-HM-01, i.e. with the 4K TV SDR scenario reference sequences
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S2-R01
	Brest-Sedof
	18.7
	11.5
	28.9
	9.3

	S2-R02
	Rain Fruits
	21.8
	9.6
	14.9
	16.2

	S2-R03
	Park Joy
	14.0
	12.0
	17.2
	13.2

	S2-R04
	Soccer
	14.1
	12.9
	7.1
	10.6

	S2-R05
	Tunnel Flag
	28.4
	19.8
	20.7
	25.2

	S2-R06
	Boat
	17.87
	9.20
	14.5
	9.32

	S2-R07
	Fountain
	10.1
	11.1
	9.3
	9.7

	S2-R08
	Riverbank
	21.0
	11.9
	16.7
	15.0

	Minimum
	
	10.1
	9.20
	7.1
	9.32

	Maximum
	
	28.4
	19.8
	28.9
	25.2

	Average
	
	18.2
	12.2
	16.2
	13.6


Table 8.4.4.3-2 BD rate gain of AV1 libaom with S2-AV1-02 against H.265/HEVC HM with configuration S2-HM-02, i.e. with the 4K TV HDR scenario reference sequences
	Reference sequence
	Name
	wpsnr
	y_wpsnr
	psnrl100
	de100

	S2-R11
	Life-Untouched
	15.0
	16.1
	20.1
	-2.10

	S2-R12
	Meridian
	4.5
	87.18
	98.16
	-11.29

	S2-R13
	Sol-Levante
	24.6
	30.0
	25.2
	10.0

	S2-R14
	Cosmos
	16.7
	21.8
	14.1
	-4.9

	S2-R15
	Elevator
	20.6
	22.76
	24.0
	14.10

	S2-R16
	Sparks
	18.2
	20.3
	20.34
	11.1

	S2-R17
	Nocturne
	18.0
	21.6
	17.5
	8.4

	Minimum
	
	4.95
	8.17.8
	9.18.6
	-11.29

	Maximum
	
	24.6
	30.0
	25.2
	14.10

	Average
	
	16.98
	20.10
	18.6
	3.65



As an example, Figure 8.4.4.3-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S2-AV1-01 against H.265/HEVC HM with configuration S2-HM-01 for reference sequence S2-R01.
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Figure 8.4.4.3-1 Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S2-AV1-01 against H.265/HEVC HM with configuration S2-HM-01 for reference sequence S2-R01
As another example, Figure 8.4.4.3-2 provides Rate-Quality curves and BD rate gain for wpsnr and de100 of AV1 libaom with S2-AV1-02 against H.265/HEVC HM with configuration S2-HM-02 for reference sequence S2-R11.
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Figure 8.4.4.3-1 Rate-Quality curves and BD rate gain for wpsnr and de100 of AV1 libaom with S2-AV1-02 against H.265/HEVC HM with configuration S2-HM-02 for reference sequence S2-R11
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-2-4K/AV1/Characterization/.
[bookmark: _Toc104459518]8.4.4.4	Scenario 3: Screen Content
This clause provides characterization of AV1 libaom mode configurations against H.265/HEVC HM for Scenario 3 Screen Content. In particular, 
· Table 8.4.4.4-1 provides the BD rate gain of AV1 libaom with S3-AV1-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no fixed random access.
· Table 8.4.4.4-2 provides the BD rate gain of AV1 libaom with S3-AV1-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences with fixed Random access every second.
Table 8.4.4.4-1 BD rate gain of AV1 libaom with S3-AV1-01/03 against H.265/HEVC HM with configuration S3-HM-01/03, i.e. with the screen content scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	35.6
	32.0

	S3-R02
	MovingText2-4K-8bit
	34.8
	31.4

	S3-R03
	MovingText2-FullHD-10bit
	39.1
	37.0

	S3-R04
	MovingText2-FullHD-8bit
	39.1
	37.0

	S3-R05
	TextMixTransitions-4K-10bit
	39.7
	35.3

	S3-R06
	TextMixTransitions-4K-8bit
	40.3
	35.5

	S3-R07
	TextMixTransitions-FullHD-10bit
	35.1
	30.7

	S3-R08
	TextMixTransitions-FullHD-8bit
	35.3
	30.8

	S3-R09
	GraphicsMixSimple-4K-10bit
	28.7
	25.9

	S3-R10
	GraphicsMixSimple-4K-8bit
	28.6
	25.8

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	24.8
	22.3

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	24.9
	22.5

	S3-R13
	GraphicsMixTransitions-4K-10bit
	42.9
	40.4

	S3-R14
	GraphicsMixTransitions-4K-8bit
	43.0
	40.4

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	39.5
	37.2

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	39.9
	37.7

	S3-R17
	Mission-Control
	32.1
	31.2

	Minimum
	
	24.8
	22.3

	Maximum
	
	43.0
	40.4

	Average
	
	35.5
	32.5


Table 8.4.4.4-2 BD rate gain of AV1 libaom with S3-AV1-02/04 against H.265/HEVC HM with configuration S3-HM-02/04, i.e. with the screen content scenario reference sequences with fixed Random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	44.9
	44.1

	S3-R02
	MovingText2-4K-8bit
	44.7
	44.0

	S3-R03
	MovingText2-FullHD-10bit
	43.5
	43.9

	S3-R04
	MovingText2-FullHD-8bit
	43.5
	43.9

	S3-R05
	TextMixTransitions-4K-10bit
	25.8
	20.5

	S3-R06
	TextMixTransitions-4K-8bit
	25.7
	20.6

	S3-R07
	TextMixTransitions-FullHD-10bit
	26.4
	22.0

	S3-R08
	TextMixTransitions-FullHD-8bit
	26.5
	22.3

	S3-R09
	GraphicsMixSimple-4K-10bit
	28.6
	27.2

	S3-R10
	GraphicsMixSimple-4K-8bit
	28.6
	27.2

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	26.5
	25.1

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	26.6
	25.3

	S3-R13
	GraphicsMixTransitions-4K-10bit
	35.0
	33.6

	S3-R14
	GraphicsMixTransitions-4K-8bit
	35.2
	33.7

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	32.6
	31.2

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	32.8
	31.5

	S3-R17
	Mission-Control
	27.0
	26.9

	Minimum
	
	25.7
	20.5

	Maximum
	
	44.9
	44.1

	Average
	
	32.6
	30.8



As an example, Figure 8.4.4.4-1 provides Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S3-AV1-01 against H.265/HEVC HM with configuration S3-HM-01 for reference sequences S3-R01 and S3-R17
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Figure 8.4.4.4-1 Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S3-AV1-01 against H.265/HEVC HM with configuration S3-HM-01 for reference sequences S3-R01 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/AV1/Characterization/.
[bookmark: _Toc104459519]8.4.4.5	Scenario 4: Messaging and Social Sharing
This clause provides characterization of AV1 libaom mode configurations against H.265/HEVC HM for Scenario 4 Messaging and Social Sharing. In particular, 
· Table 8.4.4.5-1 provides the BD rate gain of AV1 libaom with S4-AV1-01 against H.265/HEVC HM with configuration S4-HM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed random access.
· Table 8.4.4.5-2 provides the BD rate gain of AV1 libaom with S4-AV1-02 against H.265/HEVC HM with configuration S4-HM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed Random access every second.
Table 8.4.4.5-1 BD rate gain of AV1 libaom with S4-AV1-01 against H.265/HEVC HM with configuration S4-HM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	8.84
	4.40
	1.7
	43.29

	S4-R02
	Vertical-Walking
	7.2
	3.3
	-11.0
	4.5

	S4-R03
	Neon-4K
	7.7
	6.8
	0.2
	7.0

	S4-R04
	Skater-4K
	12.2
	6.1
	-7.2
	11.2

	Minimum
	
	7.2
	3.3
	-11.0
	3.9

	Maximum
	
	12.2
	6.8
	1.7
	11.2

	Average
	
	8.99.0
	5.20
	-4.1
	6.7


Table 8.4.4.5-2 BD rate gain of AV1 libaom with S4-AV1-02 against H.265/HEVC HM with configuration S4-HM-02, i.e. with the messaging and social sharing scenario reference sequences and fixed Random access every second
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	11.6
	11.9
	9.1
	8.5

	S4-R02
	Vertical-Walking
	16.4
	16.3
	17.2
	12.5

	S4-R03
	Neon-4K
	16.8
	15.6
	12.1
	14.8

	S4-R04
	Skater-4K
	22.7
	20.7
	12.3
	19.6

	Minimum
	
	11.6
	11.9
	9.1
	8.5

	Maximum
	
	22.7
	20.7
	17.2
	19.6

	Average
	
	16.9
	16.1
	12.7
	13.8



As an example, Figure 8.4.4.5-1 provides Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S4-AV1-01 against H.265/HEVC HM with configuration S4-HM-01 for reference sequence S4-R01.
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Figure 8.4.4.5-1 Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S4-AV1-01 against H.265/HEVC HM with configuration S4-HM-01 for reference sequence S4-R01
As another example, Figure 8.4.4.5-2 provides Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S4-HM-02 against H.265/HEVC HM with configuration S4-HM-02 for reference sequence S4-R01.
[image: Chart, line chart

Description automatically generated] [image: Chart, line chart

Description automatically generated]
Figure 8.4.4.5-2 Rate-Quality curves and BD rate gain for psnr and vmaf of AV1 libaom with S4-AV1-02 against H.265/HEVC HM with configuration S4-HM-02 for reference sequence S4-R01.
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-4-Sharing/AV1/Characterization/.
[bookmark: _Toc104459520]8.4.4.6	Scenario 5: Online Gaming
This clause provides characterization of AV1 libaom mode configurations against H.265/HEVC HM for Scenario 5 Online Gaming. In particular, 
· Table 8.4.4.6-1 provides the BD rate gain of AV1 libaom with S5-AV1-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no fixed random access.
· Table 8.4.4.6-2 provides the BD rate gain of AV1 libaom with S5-AV1-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences with fixed Random access every second.
Table 8.4.4.6-1 BD rate gain of AV1 libaom with S5-AV1-01 against H.265/HEVC HM with configuration S5-HM-01, i.e. with the online gaming scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	17.8
	15.2

	S5-R02
	Baolei-Man
	16.1
	10.9

	S5-R03
	Baolei-Woman
	20.3
	16.8

	S5-R04
	Baolei-Balloon
	19.9
	17.3

	S5-R05
	Baolei-Yard
	15.5
	12.3

	S5-R06
	Jianling-Temple
	15.8
	11.6

	S5-R07
	Jianling-Beach
	17.8
	12.4

	S5-R08
	Heroes-of-the-Storm
	17.9
	13.2

	S5-R09
	Project-CARS
	17.4
	10.9

	S5-R10
	World-of-WarCraft
	20.4
	15.3

	S5-R11
	MineCraft
	28.8
	24.1

	S5-R12
	CS-GO
	42.0
	36.8

	S5-R13
	StarCraft
	31.0
	26.4

	Minimum
	
	15.5
	10.9

	Maximum
	
	42.0
	36.8

	Average
	
	21.6
	17.2



Table 8.4.4.6-2 BD rate gain of AV1 libaom with S5-AV1-02 against H.265/HEVC HM with configuration S5-HM-02, i.e. with the online gaming scenario reference sequences and fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	17.7
	17.0

	S5-R02
	Baolei-Man
	17.3
	15.3

	S5-R03
	Baolei-Woman
	20.8
	20.0

	S5-R04
	Baolei-Balloon
	24.5
	24.5

	S5-R05
	Baolei-Yard
	19.9
	19.3

	S5-R06
	Jianling-Temple
	13.3
	11.4

	S5-R07
	Jianling-Beach
	17.7
	14.7

	S5-R08
	Heroes-of-the-Storm
	19.5
	16.0

	S5-R09
	Project-CARS
	20.1
	18.3

	S5-R10
	World-of-WarCraft
	23.5
	18.8

	S5-R11
	MineCraft
	28.7
	26.8

	S5-R12
	CS-GO
	35.5
	32.6

	S5-R13
	StarCraft
	19.1
	14.3

	Minimum
	
	13.3
	11.4

	Maximum
	
	35.5
	32.6

	Average
	
	21.4
	19.2


As an example, 
· Figure 8.4.4.6-1 provides Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequences S5-R04 and S5-R11.
· Figure 8.4.4.6-2 provides Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequences S5-R04 and S5-R11.
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Figure 8.4.4.6-1 Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-01 against H.265/HEVC HM with configuration S5-HM-01 for reference sequences S5-R04 and S5-R11.
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Figure 8.4.4.6-2 Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-02 against H.265/HEVC HM with configuration S5-HM-02 for reference sequences S5-R04 and S5-R11.
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/AV1/Characterization/.
[bookmark: _Toc104459521]8.4.4.7	Summary
Table 8.4.4.6-1 provides a summary of BD rate gain in psnr and vmaf for SDR and wpsnr and de100 for HDR of AV1 libaom against H.265/HEVC HM for different scenarios and configurations.
Table 8.4.4.7-1 Summary of BD rate gain in psnr and vmaf for SDR and wpsnr and de100 for HDR of AV1 libaom against H.265/HEVC HM for different scenarios and configurations
	Scenario
	av psnr
av wpsnr
	min psnr
min_wpsnr
	max psnr
max_wpsnr
	av vmaf
av_de100
	min vmaf
min_de100
	max vmaf
max_de100

	S1 SDR
	19.1
	10.7
	28.3
	18.5
	8.3
	34.5

	S1 HDR
	14.8
	4.1
	23.8
	1.2
	-15.0
	18.5

	S2 SDR
	18.2
	10.1
	28.4
	16.2
	7.1
	28.9

	S2 HDR
	16.8
	4.5
	24.6
	3.5
	-11.9
	14.0

	S3 no RA
	35.5
	24.8
	43.0
	n/a
	n/a
	n/a

	S3 RA, fixed QP
	32.6
	25.7
	44.9
	n/a
	n/a
	n/a

	S4 no RA
	8.99.0
	7.2
	12.2
	-4.1
	-11.0
	1.7

	S4 RA, fixed QP
	16.9
	11.6
	22.7
	12.7
	9.1
	17.2

	S5 no RA
	21.6
	15.5
	42.0
	n/a
	n/a
	n/a

	S5 RA, fixed QP
	21.4
	13.3
	35.5
	n/a
	n/a
	n/a

	Minimum
	8.99.0
	4.17.2
	12.2
	-4.1
	-1511.0
	1.7

	Maximum
	35.5
	25.7
	44.9
	18.5
	9.1
	34.5

	
	av wpsnr
	min_wpsnr
	max_wpsnr
	av_de100
	min_de100
	max_de100

	S1 HDR
	14.9
	4.5
	23.9
	1.3
	-15.0
	18.5

	S2 HDR
	16.9
	4.9
	24.6
	3.6
	-11.2
	14.1



[bookmark: _Toc104459522]8.4.5 	AV1 against H.265/HEVC SCC
[bookmark: _Toc104459523]8.4.5.1	Introduction
This clause provides a partial characterization of AV1 against H.265/HEVC SCC according to clause 7.2.1. The results provided in clause 6 and 8.4.2 are used for the characterization.
[bookmark: _Toc104459524]8.4.5.2	Scenario 3: Screen Content
This clause provides characterization of AV1 libaom mode configurations against H.265/HEVC SCC for Scenario 3 Screen Content. In particular, 
· Table 8.4.5.2-1 provides the BD rate gain of AV1libaom with S3-AV1-01/03 against H.265/HEVC SCC with configuration S3-SCC-01/03, i.e. with the screen content scenario reference sequences and no fixed random access.
· Table 8.4.5.2-2 provides the BD rate gain of AV1libaom with S3-AV1-02/04 against H.265/HEVC SCC with configuration S3-SCC-02/04, i.e. with the screen content scenario reference sequences fixed Random access every second.
Table 8.4.5.2-1 BD rate gain of AV1 libaom with S3-AV1-01/03 against H.265/HEVC SCC with configuration S3-SCC-01/03, i.e. with the screen content scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	21.4
	19.3

	S3-R02
	MovingText2-4K-8bit
	20.7
	18.9

	S3-R03
	MovingText2-FullHD-10bit
	32.8
	31.6

	S3-R04
	MovingText2-FullHD-8bit
	32.5
	31.4

	S3-R05
	TextMixTransitions-4K-10bit
	4.8
	0.1

	S3-R06
	TextMixTransitions-4K-8bit
	3.4
	-0.1

	S3-R07
	TextMixTransitions-FullHD-10bit
	17.8
	15.0

	S3-R08
	TextMixTransitions-FullHD-8bit
	16.9
	14.5

	S3-R09
	GraphicsMixSimple-4K-10bit
	-32.6
	-36.5

	S3-R10
	GraphicsMixSimple-4K-8bit
	-33.2
	-36.6

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	-6.1
	-8.2

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	-6.0
	-7.9

	S3-R13
	GraphicsMixTransitions-4K-10bit
	33.0
	30.5

	S3-R14
	GraphicsMixTransitions-4K-8bit
	33.2
	30.9

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	34.6
	33.0

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	34.4
	32.9

	S3-R17
	Mission-Control
	2.4
	1.1

	Minimum
	
	-33.2
	-36.6

	Maximum
	
	34.6
	33.0

	Average
	
	12.4
	10.0


Table 8.4.5.2-2 BD rate gain of AV1 with S3-AV1-02/04 against H.265/HEVC SCC with configuration S3-SCC-02/04, i.e. with the screen content scenario reference sequences fixed Random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R01
	MovingText2-4K-10bit
	32.0
	32.4

	S3-R02
	MovingText2-4K-8bit
	32.0
	32.5

	S3-R03
	MovingText2-FullHD-10bit
	35.4
	36.4

	S3-R04
	MovingText2-FullHD-8bit
	35.4
	36.4

	S3-R05
	TextMixTransitions-4K-10bit
	-34.7
	-38.7

	S3-R06
	TextMixTransitions-4K-8bit
	-36.2
	-38.8

	S3-R07
	TextMixTransitions-FullHD-10bit
	-7.6
	-9.0

	S3-R08
	TextMixTransitions-FullHD-8bit
	-7.6
	-8.8

	S3-R09
	GraphicsMixSimple-4K-10bit
	-35.5
	-36.7

	S3-R10
	GraphicsMixSimple-4K-8bit
	-35.2
	-35.8

	S3-R11
	GraphicsMixSimple-FullHD-10bit
	-6.5
	-6.6

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	-6.3
	-5.8

	S3-R13
	GraphicsMixTransitions-4K-10bit
	11.4
	10.2

	S3-R14
	GraphicsMixTransitions-4K-8bit
	11.5
	10.8

	S3-R15
	GraphicsMixTransitions-FullHD-10bit
	19.1
	19.0

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	18.9
	19.2

	S3-R17
	Mission-Control
	-16.9
	-17.3

	Minimum
	
	-36.2
	-38.8

	Maximum
	
	35.4
	36.4

	Average
	
	0.5
	0.0



As an example, 
· Figure 8.4.5.2-1 provides Rate-Quality curves and BD rate gain for psnr of H.265/HEVC SCCAV1 libaom with S3-AV1-03 against H.265/HEVC SCC with configuration S3-SCC-03 for reference sequences S3-R01 and S3-R17.
· Figure 8.4.5.2-2 provides Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S3-AV1-04 against H.265/HEVC SCC with configuration S3-SCC-04 for reference sequence s S3-R01 and S3-R17.
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Figure 8.4.5.2-1 Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S3-SCC-03 against H.265/HEVC SCC with configuration S3-SCC-03 for reference sequence s S3-R01 and S3-R17
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Figure 8.4.5.2-2 Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S3-AV1-04 against H.265/HEVC SCC with configuration S3-SCC-04 for reference sequence s S3-R01 and S3-R17
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-3-Screen/AV1/Characterization/.
[bookmark: _Toc104459525]8.4.5.3	Scenario 5: Online Gaming
This clause provides characterization of AV1 libaom mode configurations against H.265/HEVC SCC for Scenario 5 Online Gaming. In particular, 
· Table 8.4.5.3-1 provides the BD rate gain of AV1 libaom with S5-AV1-01 against H.265/HEVC SCC with configuration S5-SCC-01, i.e. with the online gaming scenario reference sequences and no fixed random access.
· Table 8.4.5.3-2 provides the BD rate gain of AV1 libaom with S5-AV1-02 against H.265/HEVC SCC with configuration S5-SCC-02, i.e. with the online gaming scenario reference sequences and fixed random access every second.
Table 8.4.5.3-1 BD rate gain of AV1 libaom with S5-AV1-01 against H.265/HEVC SCC with configuration S5-SCC-01, i.e. with the online gaming scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	17.5
	15.2

	S5-R02
	Baolei-Man
	15.8
	11.0

	S5-R03
	Baolei-Woman
	19.4
	16.1

	S5-R04
	Baolei-Balloon
	19.2
	16.7

	S5-R05
	Baolei-Yard
	15.3
	12.1

	S5-R06
	Jianling-Temple
	13.8
	9.7

	S5-R07
	Jianling-Beach
	14.5
	9.8

	S5-R08
	Heroes-of-the-Storm
	15.9
	11.4

	S5-R09
	Project-CARS
	14.6
	8.5

	S5-R10
	World-of-WarCraft
	18.9
	14.3

	S5-R11
	MineCraft
	13.7
	12.1

	S5-R12
	CS-GO
	37.3
	33.4

	S5-R13
	StarCraft
	28.2
	24.5

	Minimum
	
	13.7
	8.5

	Maximum
	
	37.3
	33.4

	Average
	
	18.8
	15.0



Table 8.4.5.3-2 BD rate gain of AV1 libaom with S5-AV1-02 against H.265/HEVC SCC with configuration S5-SCC-02, i.e. with the online gaming scenario reference sequences and fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	16.6
	16.2

	S5-R02
	Baolei-Man
	15.8
	14.1

	S5-R03
	Baolei-Woman
	18.2
	17.8

	S5-R04
	Baolei-Balloon
	23.8
	23.9

	S5-R05
	Baolei-Yard
	19.7
	19.2

	S5-R06
	Jianling-Temple
	10.4
	9.0

	S5-R07
	Jianling-Beach
	10.9
	8.6

	S5-R08
	Heroes-of-the-Storm
	15.5
	12.0

	S5-R09
	Project-CARS
	16.6
	15.8

	S5-R10
	World-of-WarCraft
	18.7
	14.3

	S5-R11
	MineCraft
	14.0
	15.6

	S5-R12
	CS-GO
	25.2
	23.6

	S5-R13
	StarCraft
	12.7
	8.9

	Minimum
	
	10.4
	8.6

	Maximum
	
	25.2
	23.9

	Average
	
	16.8
	15.3



As an example, 
· Figure 8.4.5.3-1 provides Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-01 against H.265/HEVC SCC with configuration S5-SCC-01 for reference sequences S5-R01 and S5-R04.
· Figure 8.4.5.3-2 provides Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-02 against H.265/HEVC SCC with configuration S5-SCC-02 for reference sequences S5-R01 and S5-R04
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Figure 8.4.5.3-1 Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-01 against H.265/HEVC SCC with configuration S5-SCC-01 for reference sequences S5-R01 and S5-R04
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Figure 8.4.5.3-2 Rate-Quality curves and BD rate gain for psnr of AV1 libaom with S5-AV1-02 against H.265/HEVC SCC with configuration S5-SCC-02 for reference sequences S5-R01 and S5-R04
All Rate-Quality curves and BD rate gain plots are provided in the attachment as well as online here: https://dash-large-files.akamaized.net/WAVE/3GPP/5GVideo/Bitstreams/Scenario-5-Gaming/AV1/Characterization/.
[bookmark: _Toc104459526]8.4.5.4	Summary
Table 8.4.5.4-1 provides a summary of BD rate gain in psnr of AV1 libaom against H.265/HEVC SCC for different scenarios and configurations.
Table 8.4.5.4-1 Summary of BD rate gain in psnr of AV1 libaom against H.265/HEVC SCC for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr

	S3 no RA
	12.4
	-33.2
	34.6

	S3 RA, fixed QP
	0.5
	-36.2
	35.4

	S5 no RA
	18.8
	13.7
	37.3

	S5 RA, fixed QP
	16.8
	10.4
	25.2

	Minimum
	0.5
	-36.2
	25.2

	Maximum
	18.8
	13.7
	35.4
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