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	[bookmark: _Hlk83399726]Introduction
This document targets the text of the TR26.955, presents changes to the TR text .



Currently utilized terminology “no intra” and “intra” for scenario identifications was found potentially misleading and it was agreed to change it during the 118th SA4 meeting. This decision was document in the meeting notes and in the email communication over the reflector. 
[bookmark: _Hlk95219036]Change 1
It is proposed to replace across the document the terms “no intra” and “intra” for scenario identifications with terms “No RA” and “RA, fixed QP”. 
End of the Change 1

It was agreed earlier that TR shall not report on a codec performance until results verification is confirmed. Current version of the TR reports on the performance results of the test scenarios for which verification results are not provided, and also reports the results which are known to be produced with a missconfiguration. 
Change 2
It is proposed to remove across the documents the tables reporting BD rate gains for codecs or scenarios when coding results are not agreed and/or verification was not completed. The table of results to be banked out in the following subclauses until coding results are agreed and verified:
· Clause 8.2.3 VVC Characterization against H.264/AVC
· Clause 8.4.4 AV1 Characterization against H.265/HEVC HM
· Clause 8.4.5 AV1 against H.265/HEVC SCC
· Clause 8.4.6 AV1SCC against H.265/HEVC
· Clause 8.4.7 AV1SCC against H.265/HEVC SCC
End of the Change 2

It was discussed and agreed earlier (S4aV200569), that bd-rate comparison of new video codecs against the AVC may be inaccurate due to very large performance gap (around  60%-70% bd-rate gain on average) between AVC anchor and new codecs and significant misalignment (as little as as  20% overlap )  between rate distortion curves which lead to significant inaccuracy of the metric computation as stated in reference [44] (Technical Paper ITU-T HSTP-VID-WPOM (07/2020): "Working practices using objective metrics for evaluation of video coding efficiency experiments".)

Change 3a
5.8	Characterization
…

As described in [44], the PSNR ranges of two curves generally do not overlap completely, and the current practice is to avoid measuring the part of the area between curves that are extrapolated rather than interpolated, which can give unpredictable results if the non-overlapping parts are large. Therefore, the area between the two curves is only measured in the region where there is an overlap. If two curves overlap is only in a very small region, the BD-rate will be calculated using only a small (and possibly atypical) part of the available data. Therefore, it is important that the overlap is substantial for the BD-rate value to be meaningful.
The characterisation of the codecs in the framework is documented when the overlap is substantial.

Change 3b
[bookmark: _Toc100837894]8.2.3	VVC Characterization against H.264/AVC
[bookmark: _Toc100837895]8.2.3.1	Overview
This clause provides a fullinformation related to the characterization of VTM against H.264/AVC according to clause 7.2.1. The results provided in clauses 6 and 8.2.2 are used 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 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 section.  
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: _Toc100837896]8.2.3.2	Scenario 1: Full HD
This clause provides information related to the characterization of VTM mode configurations against H.264/AVC for Scenario 1 Full HD. 
For this scenario, the PSNR ranges of the curves between VVC and H.264/AVC overlaps at an average of 59% and can be as low as 29%
In particular, Table 8.2.3.2-1 provides the BD rate gain of VTM with S1-VTM-01 against H.264/AVC with configuration S1-HM-01, i.e. with the Full HD SDR scenario reference sequences.
Table 8.2.3.2-1 BD rate gain of VTM with S1-VTM-01 against H.264/AVC 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
	
	
	
	

	S1-R02
	Rain Fruits-FHD
	
	
	
	

	S1-R03
	Park Joy-FHD
	
	
	
	

	S1-R04
	Soccer-FHD
	
	
	
	

	S1-R05
	Tunnel Flag-FHD
	
	
	
	

	S1-R06
	Boat-FHD
	
	
	
	

	S1-R07
	Fountain-FHD
	
	
	
	

	S1-R08
	Riverbank-FHD
	
	
	
	

	Minimum
	
	
	
	
	

	Maximum
	
	
	
	
	

	Average
	
	
	
	
	



As an example, Figure 8.2.3.2-1 provides Rate-Quality curves and BD rate gain for psnr of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01 for reference sequence S1-R01
[image: Chart, line chart

Description automatically generated]
Figure 8.2.3.2-1 Rate-Quality curves and BD rate gain for psnr of VTM with S1-VTM-01 against H.264/AVC with configuration S1-JM-01 for reference sequence S1-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-1-FHD/VTM/Characterization/.
[bookmark: _Toc100837897]8.2.3.3	Scenario 3: Screen Content
This clause provides information related to the characterization of VTM mode configurations against H.264/AVC for Scenario 3 Screen Content. 
For this scenario, the PSNR ranges of the curves between 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.

In particular, 
· Table 8.2.3.3-1 provides the BD rate gain of VTM with S3-VTM-01 against H.264/AVC with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed intra.
· Table 8.2.3.3-2 provides the BD rate gain of VTM with S3-VTM-02 against H.264/AVC with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed Intra every second.
Table 8.2.3.3-1 BD rate gain of VTM with S3-VTM-01 against H.264/AVC with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	82.166
	81.915

	S3-R04
	MovingText2-FullHD-8bit
	84.008
	84.164

	S3-R06
	TextMixTransitions-4K-8bit
	84.491
	82.347

	S3-R08
	TextMixTransitions-FullHD-8bit
	76.826
	73.495

	S3-R10
	GraphicsMixSimple-4K-8bit
	81.948
	81.025

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	69.028
	67.574

	S3-R14
	GraphicsMixTransitions-4K-8bit
	85.241
	84.431

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	79.462
	78.325

	S3-R17
	Mission-Control
	68.97
	68.507

	Minimum
	
	68.97
	67.574

	Maximum
	
	85.241
	84.431

	Average
	
	79.127
	77.976


Table 8.2.3.3-2 BD rate gain of VTM with S3-VTM-02 against H.264/AVC 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
	78.275
	77.623

	S3-R04
	MovingText2-FullHD-8bit
	79.43
	78.842

	S3-R06
	TextMixTransitions-4K-8bit
	78.825
	76.379

	S3-R08
	TextMixTransitions-FullHD-8bit
	70.435
	67.262

	S3-R10
	GraphicsMixSimple-4K-8bit
	78.156
	76.778

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	67.603
	65.813

	S3-R14
	GraphicsMixTransitions-4K-8bit
	81.768
	80.525

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	75.032
	73.516

	S3-R17
	Mission-Control
	63.643
	63.194

	Minimum
	
	63.643
	63.194

	Maximum
	
	81.768
	80.525

	Average
	
	74.796
	73.326



As an example, Figure 8.2.3.3-1 provides Rate-Quality curves and BD rate gain for psnr of VTM with S3-VTM-01 against H.264/AVC HM with configuration S3-JM-01 for reference sequence S3-R02.
[image: Chart, line chart
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Figure 8.2.3.3-1 Rate-Quality curves and BD rate gain for psnr of VTM with S3-VTM-01 against H.264/AVC with configuration S3-JM-01 for reference sequence S3-R02
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: _Toc100837898]8.2.3.4	Scenario 4: Messaging and Social Sharing
This clause provides information related to the characterization of VTM mode configurations against H.264/AVC for Scenario 4 Messaging and Social Sharing. 
For this scenario, the PSNR ranges of the curve between VVC and H.264/AVC in nooverlaps 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.

In particular, 
· Table 8.2.3.4-1 provides the BD rate gain of VTM with S4-VTM-01 against H.264/AVC with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed intra.
· Table 8.2.3.4-2 provides the BD rate gain of VTM with S4-VTM-02 against H.264/AVC with configuration S4-JM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed Intra every second.
Table 8.2.3.4-1 BD rate gain of VTM with S4-VTM-01 against H.264/AVC with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnr
	y_psnr
	vmaf
	ms_ssim

	S4-R01
	Vertical-Bees
	
	
	70.853
	72.291

	S4-R02
	Vertical-Walking
	40.981
	41.449
	49.14
	43.394

	S4-R03
	Neon-4K
	49.792
	49.222
	57.349
	53.29

	S4-R04
	Skater-4K
	81.976
	81.813
	79.342
	82.029

	Minimum
	
	40.981
	41.449
	49.14
	43.394

	Maximum
	
	81.976
	81.813
	79.342
	82.029

	Average
	
	60.341
	60.519
	64.171
	62.751


Table 8.2.3.4-2 BD rate gain of VTM with S4-VTM-02 against H.264/AVC 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
	54.431
	57.049
	59.858
	59.431

	S4-R02
	Vertical-Walking
	33.084
	33.609
	44.607
	34.326

	S4-R03
	Neon-4K
	39.135
	38.541
	54.526
	43.924

	S4-R04
	Skater-4K
	76.012
	76.243
	73.642
	75.263

	Minimum
	
	33.084
	33.609
	44.607
	34.326

	Maximum
	
	76.012
	76.243
	73.642
	75.263

	Average
	
	50.666
	51.361
	58.158
	53.236


 
As an example, Figure 8.2.3.4-1 provides Rate-Quality curves and BD rate gain for vmaf of VTM with S4-VTM-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01.
[image: Chart, line chart
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Figure 8.2.3.4-1 Rate-Quality curves and BD rate gain for vmaf of VTM with S4-VTM-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01
As a another example, Figure 8.2.3.4-2 provides Rate-Quality curves and BD rate gain for vmaf of VTM with S4-HM-02 against H.264/AVC HM with configuration S4-JM-02 for reference sequence S4-R0178.11%
[image: Chart

Description automatically generated]
Figure 8.2.3.4-2 Rate-Quality curves and BD rate gain for vmaf of VTM with S4-VTM-02 against H.264/AVC HM 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/VTM/Characterization/.
[bookmark: _Toc100837899]8.2.3.5	Scenario 5: Online Gaming
This clause provides information related to the characterization of VTM mode configurations against H.264/AVC for Scenario 5 Online Gaming. 
For this scenario, the PSNR ranges of the curves between 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.

In particular, 
· Table 8.2.3.5-1 provides the BD rate gain of VTM with S5-HM-01 against H.264/AVC with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed intra.
· Table 8.2.3.5-2 provides the BD rate gain of VTM with S5-HM-02 against H.264/AVC with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences with fixed Intra every second.
Table 8.2.3.5-1 BD rate gain of VTM with S5-VTM-01 against H.264/AVC with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed intra
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	59.862
	60.689

	S5-R02
	Baolei-Man
	52.331
	52.024

	S5-R03
	Baolei-Woman
	61.783
	62.249

	S5-R04
	Baolei-Balloon
	73.505
	74.341

	S5-R05
	Baolei-Yard
	64.873
	65.56

	S5-R06
	Jianling-Temple
	42.788
	42.43

	S5-R07
	Jianling-Beach
	52.432
	50.555

	S5-R08
	Heroes-of-the-Storm
	52.324
	51.623

	S5-R09
	Project-CARS
	58.616
	56.963

	S5-R10
	World-of-WarCraft
	67.5
	66.625

	S5-R11
	MineCraft
	56.358
	52.935

	S5-R12
	CS-GO
	76.163
	74.537

	S5-R13
	StarCraft
	60.532
	59.23

	Minimum
	
	42.788
	42.43

	Maximum
	
	76.163
	74.537

	Average
	
	59.928
	59.212



Table 8.2.3.5-2 BD rate gain of VTM with S5-VTM-02 against H.264/AVC with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences and fixed intra every second
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	49.856
	50.606

	S5-R02
	Baolei-Man
	44.442
	44.346

	S5-R03
	Baolei-Woman
	52.756
	53.654

	S5-R04
	Baolei-Balloon
	65.137
	66.83

	S5-R05
	Baolei-Yard
	59.272
	60.696

	S5-R06
	Jianling-Temple
	37.839
	37.555

	S5-R07
	Jianling-Beach
	41.937
	40.639

	S5-R08
	Heroes-of-the-Storm
	44.023
	43.061

	S5-R09
	Project-CARS
	51.58
	50.879

	S5-R10
	World-of-WarCraft
	59.344
	57.95

	S5-R11
	MineCraft
	53.181
	50.796

	S5-R12
	CS-GO
	67.081
	65.734

	S5-R13
	StarCraft
	50.111
	48.86

	Minimum
	
	37.839
	37.555

	Maximum
	
	67.081
	66.83

	Average
	
	52.043
	51.662



As an example, 
· Figure 8.2.3.5-1 provides Rate-Quality curves and BD rate gain for psnr of VTM with S5-VTM-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
· Figure 8.2.3.5-2 provides Rate-Quality curves and BD rate gain for psnr of VTM with S5-VTM-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-R01
[image: Chart, line chart
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Figure 8.2.3.5-1 Rate-Quality curves and BD rate gain for psnr of VTM with S5-VTM-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
[image: Chart, line chart
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Figure 8.2.3.5-2 Rate-Quality curves and BD rate gain for psnr of VTM with S5-VTM-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-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-5-Gaming/VTM/Characterization/.
[bookmark: _Toc100837900]8.2.3.6	Summary
[Table 8.2.3.6-1 provides a summary of BD rate gain in psnr and vmaf of VTM against H.264/AVC for different scenarios and configurations.
Table 8.2.3.6-1 Summary of BD rate gain in psnr and vmaf of VTM against H.264/AVC for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr
	average vmaf
	min vmaf
	max vmaf

	S1
	62.701
	38.927
	82.338
	62.194
	42.684
	77.012

	S3 no intraNo RA
	79.127
	68.97
	85.241
	n/a
	n/a
	n/a

	S3 intraS3 RA, fixed QP
	74.796
	63.643
	81.768
	n/a
	n/a
	n/a

	S4 no intraNo RA
	60.341
	40.981
	81.976
	64.171
	49.14
	79.342

	S4 intraS4 RA, fixed QP
	50.666
	33.084
	76.012
	58.158
	44.607
	73.642

	S5 no intraNo RA
	59.928
	42.788
	76.163
	n/a
	n/a
	n/a

	S5 intraS5 RA, fixed QP
	52.043
	37.839
	67.081
	n/a
	n/a
	n/a

	Minimum
	50.666
	37.839
	67.081
	62.194
	42.684
	73.642

	Maximum
	79.127
	68.97
	85.241
	58.158
	49.14
	79.342


]

End of the Change 3

Change 4
[bookmark: _Toc100837949]8.3.3	EVC Characterization against H.264/AVC
[bookmark: _Toc100837950]8.3.3.1	Overview
This clause provides information related to thea full characterization of ETM ECM against H.264/AVC according to clause 7.2.1. The results provided in clauses 6 and 8.3.2 are used 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 8.3.2 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 section.  
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: _Toc100837951]8.3.3.2	Scenario 1: Full HD
This clause provides information related to the characterization of EVC mode configurations against H.264/AVC 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 3%
[bookmark: _Toc100837952]8.3.3.3	Scenario 3: Screen Content
This clause provides information related to the characterization of ETM mode configurations against H.264/AVC for Scenario 3 Screen Content. 
For this scenario, the the PSNR ranges of the curves between EVC and H.264/AVC overlaps at an average of at 63 % and can be as low as 53 % in the non RA configuration and an average of 62 % and can be as low as 43 % in the RA configuration.

In particular, 
· Table 8.3.3.3-1 provides the BD rate gain of ETM with S3-ETM-01 against H.264/AVC with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed random access.
· Table 8.3.3.3-2 provides the BD rate gain of ETM with S3-ETM-02 against H.264/AVC with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed random access every second.
Table 8.3.3.3-1 BD rate gain of ETM with S3-ETM-01 against H.264/AVC with configuration S3-JM-01, i.e. with the screen content scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	72.461
	73.412

	S3-R04
	MovingText2-FullHD-8bit
	74.355
	75.972

	S3-R06
	TextMixTransitions-4K-8bit
	63.066
	60.143

	S3-R08
	TextMixTransitions-FullHD-8bit
	54.929
	53.251

	S3-R10
	GraphicsMixSimple-4K-8bit
	67.399
	66.829

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	51.793
	51.414

	S3-R14
	GraphicsMixTransitions-4K-8bit
	74.294
	73.682

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	68.205
	67.924

	S3-R17
	Mission-Control
	52.286
	51.901

	Minimum
	
	51.793
	51.414

	Maximum
	
	74.355
	75.972

	Average
	
	64.31
	63.836


Table 8.3.3.3-2 BD rate gain of ETM with S3-ETM-02 against H.264/AVC with configuration S3-JM-02, i.e. with the screen content scenario reference sequences with fixed random access every second
	Reference sequence
	Name
	psnr
	y_psnr

	S3-R02
	MovingText2-4K-8bit
	65.654
	65.932

	S3-R04
	MovingText2-FullHD-8bit
	65.143
	66.545

	S3-R06
	TextMixTransitions-4K-8bit
	55.066
	49.829

	S3-R08
	TextMixTransitions-FullHD-8bit
	46.502
	44.867

	S3-R10
	GraphicsMixSimple-4K-8bit
	61.715
	61.136

	S3-R12
	GraphicsMixSimple-FullHD-8bit
	50.872
	50.658

	S3-R14
	GraphicsMixTransitions-4K-8bit
	67.31
	66.763

	S3-R16
	GraphicsMixTransitions-FullHD-8bit
	60.882
	60.726

	S3-R17
	Mission-Control
	48.028
	47.772

	Minimum
	
	46.502
	44.867

	Maximum
	
	67.31
	66.763

	Average
	
	57.908
	57.136



As an example, Figure 8.3.3.3-1 provides Rate-Quality curves and BD rate gain for psnr of ETM with S3-ETM-01 against H.264/AVC HM with configuration S3-JM-01 for reference sequence S3-R02.
[image: Chart, line chart
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Figure 8.3.3.3-1 Rate-Quality curves and BD rate gain for psnr of ETM with S3-ETM-01 against H.264/AVC with configuration S3-JM-01 for reference sequence S3-R02
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: _Toc100837953]8.3.3.4	Scenario 4: Messaging and Social Sharing
This clause provides information related to the characterization of ETM mode configurations against H.264/AVC for Scenario 4 Messaging and Social Sharing. 
For this scenario, the the PSNR ranges of the curves between EVC and H.264/AVC overlaps at an average of at 70% and can be as low as 49% in the non RA configuration and an average of 75% and can be as low as 55% in the RA configuration.

In particular, 
· Table 8.3.3.4-1 provides the BD rate gain of ETM with S4-ETM-01 against H.264/AVC with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed random access.
· Table 8.3.3.4-2 provides the BD rate gain of ETM with S4-ETM-02 against H.264/AVC with configuration S4-JM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed random access every second.
Table 8.3.3.4-1 BD rate gain of ETM with S4-ETM-01 against H.264/AVC with configuration S4-JM-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
	66.321
	66.366
	67.86
	69.371

	S4-R02
	Vertical-Walking
	34.324
	34.077
	44.409
	36.885

	S4-R03
	Neon-4K
	44.293
	42.356
	51.591
	45.312

	S4-R04
	Skater-4K
	79.78
	79.186
	76.589
	79.437

	Minimum
	
	34.324
	34.077
	44.409
	36.885

	Maximum
	
	79.78
	79.186
	76.589
	79.437

	Average
	
	56.179
	55.496
	60.112
	57.751


Table 8.3.3.4-2 BD rate gain of ETM with S4-ETM-02 against H.264/AVC with configuration S4-JM-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
	51.198
	52.754
	56.184
	55.382

	S4-R02
	Vertical-Walking
	26.836
	26.132
	39.585
	27.405

	S4-R03
	Neon-4K
	34.344
	31.975
	47.76
	35.484

	S4-R04
	Skater-4K
	73.435
	73.256
	70.821
	72.147

	Minimum
	
	26.836
	26.132
	39.585
	27.405

	Maximum
	
	73.435
	73.256
	70.821
	72.147

	Average
	
	46.453
	46.029
	53.587
	47.605


 
As an example, Figure 8.3.3.4-1 provides Rate-Quality curves and BD rate gain for vmaf of ETM with S4-ETM-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01.
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Figure 8.3.3.4-1 Rate-Quality curves and BD rate gain for vmaf of ETM with S4-ETM-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01
As a another example, Figure 8.3.3.4-2 provides Rate-Quality curves and BD rate gain for vmaf of ETM with S4-HM-02 against H.264/AVC HM with configuration S4-JM-02 for reference sequence S4-R01.
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Figure 8.3.3.4-2 Rate-Quality curves and BD rate gain for vmaf of ETM with S4-ETM-02 against H.264/AVC HM 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/ETM/Characterization/.
[bookmark: _Toc100837954]8.3.3.5	Scenario 5: Online Gaming
This clause provides information related to the characterization of ETM mode configurations against H.264/AVC for Scenario 5 Online Gaming. 
For this scenario, the 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 62% in the non RA configuration and an average of 79% and can be as low as 69% in the RA configuration.


In particular, 
· Table 8.3.3.5-1 provides the BD rate gain of ETM with S5-HM-01 against H.264/AVC with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed random access.
· Table 8.3.3.5-2 provides the BD rate gain of ETM with S5-HM-02 against H.264/AVC with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences with fixed random access every second.
Table 8.3.3.5-1 BD rate gain of ETM with S5-ETM-01 against H.264/AVC with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	54.359
	53.74

	S5-R02
	Baolei-Man
	46.054
	45.322

	S5-R03
	Baolei-Woman
	55.898
	55.446

	S5-R04
	Baolei-Balloon
	65.39
	65.726

	S5-R05
	Baolei-Yard
	59.286
	59.471

	S5-R06
	Jianling-Temple
	28.014
	27.355

	S5-R07
	Jianling-Beach
	45.345
	42.497

	S5-R08
	Heroes-of-the-Storm
	42.602
	42.106

	S5-R09
	Project-CARS
	52.185
	49.855

	S5-R10
	World-of-WarCraft
	59.232
	58.528

	S5-R11
	MineCraft
	39.297
	37.076

	S5-R12
	CS-GO
	63.438
	62.053

	S5-R13
	StarCraft
	54.049
	51.929

	Minimum
	
	28.014
	27.355

	Maximum
	
	65.39
	65.726

	Average
	
	51.165
	50.085



Table 8.3.3.5-2 BD rate gain of ETM with S5-ETM-02 against H.264/AVC with configuration S5-JM-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
	42.863
	42.852

	S5-R02
	Baolei-Man
	36.935
	36.858

	S5-R03
	Baolei-Woman
	45.869
	46.072

	S5-R04
	Baolei-Balloon
	57.442
	58.548

	S5-R05
	Baolei-Yard
	53.537
	54.436

	S5-R06
	Jianling-Temple
	23.247
	23.433

	S5-R07
	Jianling-Beach
	32.759
	31.525

	S5-R08
	Heroes-of-the-Storm
	30.635
	30.804

	S5-R09
	Project-CARS
	43.637
	42.858

	S5-R10
	World-of-WarCraft
	49.787
	49.059

	S5-R11
	MineCraft
	34.278
	33.537

	S5-R12
	CS-GO
	53.872
	53.413

	S5-R13
	StarCraft
	39.745
	38.972

	Minimum
	
	23.247
	23.433

	Maximum
	
	57.442
	58.548

	Average
	
	41.893
	41.721



As an example, 
· Figure 8.3.3.5-1 provides Rate-Quality curves and BD rate gain for psnr of ETM with S5-ETM-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
· Figure 8.3.3.5-2 provides Rate-Quality curves and BD rate gain for psnr of ETM with S5-ETM-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-R01
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Figure 8.3.3.5-1 Rate-Quality curves and BD rate gain for psnr of ETM with S5-ETM-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
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Figure 8.3.3.5-2 Rate-Quality curves and BD rate gain for psnr of ETM with S5-ETM-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-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-5-Gaming/ETM/Characterization/.
[bookmark: _Toc100837955]8.3.3.6	Summary
[Table 8.3.3.6-1 provides a summary of BD rate gain in psnr and vmaf of ETM against H.264/AVC for different scenarios and configurations.
Table 8.3.3.6-1 Summary of BD rate gain in psnr and vmaf of ETM against H.264/AVC for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr
	average vmaf
	min vmaf
	max vmaf

	S1
	53.133
	32.023
	76.024
	56.648
	37.998
	71.621

	S3 no intraNo RA
	64.31
	51.793
	74.355
	n/a
	n/a
	n/a

	S3 intraS3 RA, fixed QP
	57.908
	46.502
	67.31
	n/a
	n/a
	n/a

	S4 no intraNo RA
	56.179
	34.324
	79.78
	60.112
	44.409
	76.589

	S4 intraS4 RA, fixed QP
	46.453
	26.836
	73.435
	53.587
	39.585
	70.821

	S5 no intraNo RA
	51.165
	28.014
	65.39
	n/a
	n/a
	n/a

	S5 intraS5 RA, fixed QP
	41.893
	23.247
	57.442
	n/a
	n/a
	n/a

	Minimum
	41.893
	23.247
	57.442
	53.587
	37.998
	70.821

	Maximum
	64.31
	51.793
	74.355
	60.112
	44.409
	76.589


]


End of change 4


Change 5
[bookmark: _Toc100838006]8.4.3	AV1 Characterization against H.264/AVC
[bookmark: _Toc100838007]8.4.3.1	Overview
This clause provides information related to thea full characterization of AV1 against H.264/AVC according to clause 7.2.1. The results provided in clauses 6 and 8.4.2 are used 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 section.  
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: _Toc100838008]8.4.3.2	Scenario 1: Full HD
This clause provides information related to the characterization of AV1 mode configurations against H.264/AVC for Scenario 1 Full HD. 
For this scenario, the 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%
[bookmark: _Toc100838009]8.4.3.3	Scenario 3: Screen Content
This clause provides information related to the characterization of AV1 mode configurations against H.264/AVC for Scenario 3 Screen Content. 
For this scenario, the the PSNR ranges of the curves between AV1 and H.264/AVC overlaps at an average of at 21 % and can be as low as 5 % in the non RA configuration and an average of 73 % and can be as low as 62 % in the RA configuration.
[bookmark: _Toc100838010]8.4.3.4	Scenario 4: Messaging and Social Sharing
This clause provides information related to the characterization of AV1 mode configurations against H.264/AVC for Scenario 4 Messaging and Social Sharing.
For this scenario, the the PSNR ranges of the curves between AV1 and H.264/AVC overlaps at an average of at 47% and can be as low as 30% in the non RA configuration and an average of 57% and can be as low as 49% in the RA configuration.

 In particular, 
· Table 8.4.3.4-1 provides the BD rate gain of AV1 with S4-AV1-01 against H.264/AVC with configuration S4-JM-01, i.e. with the messaging and social sharing scenario reference sequences and no fixed random access.
· Table 8.4.3.4-2 provides the BD rate gain of AV1 with S4-AV1-02 against H.264/AVC with configuration S4-JM-02, i.e. with the messaging and social sharing scenario reference sequences with fixed Random access every second.
Table 8.4.3.4-1 BD rate gain of AV1 with S4-AV1-01 against H.264/AVC with configuration S4-JM-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
	59.156
	57.461
	56.65
	62.281

	S4-R02
	Vertical-Walking
	24.648
	20.406
	19.127
	25.951

	S4-R03
	Neon-4K
	35.304
	32.947
	36.885
	36.422

	S4-R04
	Skater-4K
	71.633
	69.375
	61.505
	71.375

	Minimum
	
	24.648
	20.406
	19.127
	25.951

	Maximum
	
	71.633
	69.375
	61.505
	71.375

	Average
	
	47.685
	45.047
	43.542
	49.007


Table 8.4.3.4-2 BD rate gain of AV1 with S4-AV1-02 against H.264/AVC with configuration S4-JM-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
	51.815
	53.298
	54.817
	54.676

	S4-R02
	Vertical-Walking
	32.023
	31.319
	36.486
	31.466

	S4-R03
	Neon-4K
	42.023
	39.799
	44.476
	42.013

	S4-R04
	Skater-4K
	75.284
	74.841
	68.84
	74.301

	Minimum
	
	32.023
	31.319
	36.486
	31.466

	Maximum
	
	75.284
	74.841
	68.84
	74.301

	Average
	
	50.286
	49.814
	51.155
	50.614


 
As an example, Figure 8.4.3.4-1 provides Rate-Quality curves and BD rate gain for vmaf of AV1 with S4-AV1-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01.
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Figure 8.4.3.4-1 Rate-Quality curves and BD rate gain for vmaf of AV1 with S4-AV1-01 against H.264/AVC HM with configuration S4-JM-01 for reference sequence S4-R01
As a another example, Figure 8.4.3.4-2 provides Rate-Quality curves and BD rate gain for vmaf of AV1 with S4-HM-02 against H.264/AVC HM with configuration S4-JM-02 for reference sequence S4-R01.
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Figure 8.4.3.4-2 Rate-Quality curves and BD rate gain for vmaf of AV1 with S4-AV1-02 against H.264/AVC HM 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/AV1/Characterization/.
[bookmark: _Toc100838011]8.4.3.5	Scenario 5: Online Gaming
This clause provides information related to the characterization of AV1 mode configurations against H.264/AVC for Scenario 5 Online Gaming. 
For this scenario, the the PSNR ranges of the curve between AV1 and H.264/AVC overlaps at an average of at 43% and can be as low as 27% in the non RA configuration and an average of 59% and can be as low as 54% in the RA configuration.
In particular, 
· Table 8.4.3.5-1 provides the BD rate gain of AV1 with S5-HM-01 against H.264/AVC with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed random access.
· Table 8.4.3.5-2 provides the BD rate gain of AV1 with S5-HM-02 against H.264/AVC with configuration S5-JM-02, i.e. with the online gaming scenario reference sequences with fixed Random access every second.
Table 8.4.3.5-1 BD rate gain of AV1 with S5-AV1-01 against H.264/AVC with configuration S5-JM-01, i.e. with the online gaming scenario reference sequences and no fixed random access
	Reference sequence
	Name
	psnr
	y_psnr

	S5-R01
	AOV
	51.19
	49.58

	S5-R02
	Baolei-Man
	43.974
	39.702

	S5-R03
	Baolei-Woman
	53.189
	50.932

	S5-R04
	Baolei-Balloon
	59.613
	58.74

	S5-R05
	Baolei-Yard
	53.432
	52.024

	S5-R06
	Jianling-Temple
	33.759
	30.067

	S5-R07
	Jianling-Beach
	45.451
	40.422

	S5-R08
	Heroes-of-the-Storm
	42.66
	39.631

	S5-R09
	Project-CARS
	47.381
	41.335

	S5-R10
	World-of-WarCraft
	55.433
	52.526

	S5-R11
	MineCraft
	46.174
	40.985

	S5-R12
	CS-GO
	69.79
	65.636

	S5-R13
	StarCraft
	58.782
	55.277

	Minimum
	
	33.759
	30.067

	Maximum
	
	69.79
	65.636

	Average
	
	50.833
	47.451



Table 8.4.3.5-2 BD rate gain of AV1 with S5-AV1-02 against H.264/AVC with configuration S5-JM-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
	47.211
	46.873

	S5-R02
	Baolei-Man
	41.043
	39.303

	S5-R03
	Baolei-Woman
	49.148
	48.685

	S5-R04
	Baolei-Balloon
	58.829
	59.413

	S5-R05
	Baolei-Yard
	54.74
	54.887

	S5-R06
	Jianling-Temple
	33.552
	32.454

	S5-R07
	Jianling-Beach
	38.211
	35.371

	S5-R08
	Heroes-of-the-Storm
	37.009
	34.624

	S5-R09
	Project-CARS
	48.001
	47.603

	S5-R10
	World-of-WarCraft
	53.539
	49.686

	S5-R11
	MineCraft
	48.842
	46.685

	S5-R12
	CS-GO
	60.948
	58.707

	S5-R13
	StarCraft
	46.441
	42.39

	Minimum
	
	33.552
	32.454

	Maximum
	
	60.948
	59.413

	Average
	
	47.501
	45.899



As an example, 
· Figure 8.4.3.5-1 provides Rate-Quality curves and BD rate gain for psnr of AV1 with S5-AV1-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
· Figure 8.4.3.5-2 provides Rate-Quality curves and BD rate gain for psnr of AV1 with S5-AV1-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-R01
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Figure 8.4.3.5-1 Rate-Quality curves and BD rate gain for psnr of AV1 with S5-AV1-01 against H.264/AVC HM with configuration S5-JM-01 for reference sequence S5-R01
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Figure 8.4.3.5-2 Rate-Quality curves and BD rate gain for psnr of AV1 with S5-AV1-02 against H.264/AVC HM with configuration S5-JM-02 for reference sequence S5-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-5-Gaming/AV1/Characterization/.
[bookmark: _Toc100838012]8.4.3.6	Summary
[Table 8.4.3.6-1 provides a summary of BD rate gain in psnr and vmaf of AV1 against H.264/AVC for different scenarios and configurations.
Table 8.4.3.6-1 Summary of BD rate gain in psnr and vmaf of AV1 against H.264/AVC for different scenarios and configurations
	Scenario
	average psnr
	min psnr
	max psnr
	average vmaf
	min vmaf
	max vmaf

	S1
	53.269
	29.075
	78.568
	52.228
	33.408
	73.133

	S3 no intraS3 no RA
	70.044
	55.428
	80.913
	n/a
	n/a
	n/a

	S3 intraS3 RA, fixed QP
	62.269
	46.246
	75.467
	n/a
	n/a
	n/a

	S4 no intraS4 no RA
	47.685
	24.648
	71.633
	43.542
	19.127
	61.505

	S4 intraS4 RA, fixed QP
	50.286
	32.023
	75.284
	51.155
	36.486
	68.840

	S5 no intraS5 no RA
	50.833
	33.759
	69.790
	n/a
	n/a
	n/a

	S5 intraS5 RA, fixed QP
	47.501
	33.552
	60.947
	n/a
	n/a
	n/a

	Minimum
	47.501
	24.647
	60.947
	43.542
	19.127
	61.505

	Maximum
	70.044
	55.428
	80.913
	52.228
	36.486
	73.133


]
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