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1. Discussion
3GPP SA4 specs have suggested Video Services HEVC (H.265) as the only codec, however, it is not the codec in use by majority of content providers and top streaming platforms. 
This discussion paper attempts to highlight capabilities from different codecs in the market to evaluate potential candidates for incorporation into SA4 specifications, elaborating on the pros and cons of those. One critical aspect for MNOs is the efficiency at the time spend for resource utilisation, criteria that is highlighted in the discussion below.
We have made use of documentation on test results publicly available, from the Faculty of Electrical Engineering and Information Technology, University of Zilina (available here), comparing AV1, VVC, AVC and HEVC codecs.
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	FHD
	

	Codec/Bitrate
	1 Mbps
	3 Mbps
	5 Mbps
	7 Mbps
	10 Mbps
	15 Mbps

	H.264/AVC
	1.28×
	1.20×
	1.20×
	1.15×
	1.13×
	1.10×

	H.265/HEVC
	2.04×
	2.09×
	2.30×
	2.44×
	2.54×
	2.56×

	H.266/VVC
	60.13×
	92.07×
	117.76×
	135.44×
	158.19×
	174.55×

	AV1
	1.00×
	1.00×
	1.00×
	1.00×
	1.00×
	1.00×

	
	
	
	UHD
	
	
	

	Codec/Bitrate
	1 Mbps
	3 Mbps
	5 Mbps
	7 Mbps
	10 Mbps
	15 Mbps

	H.264/AVC
	1.37×
	1.37×
	1.33×
	1.31×
	1.31×
	1.30×

	H.265/HEVC
	2.05×
	2.29×
	2.79×
	2.78×
	2.84×
	2.47×

	H.266/VVC
	27.28×
	43.93×
	54.61×
	63.78×
	75.51×
	92.57×

	AV1
	1.00×
	1.00×
	1.00×
	1.00×
	1.00×
	1.00×


* Table 1:  A comparison of coding times for the “NeptuneFountain3" test sequence at all resolutions relative to the AV1 codec.

This Table shows a comparison of coding times relative to the AV1 codec, which achieved the shortest time. As it can be seen, H.264/AVC reaches a very similar coding time as AV1, and H.265/HEVC achieves about two times longer computational times compared to AV1. The longest coding time, as expected, is reached by the H.266/VVC codec, starting from 27 times longer at a bitrate of 1 Mbps under UHD resolution and ending at 174 times longer at a bitrate of 15 Mbps under FHD resolution when compared to the AV1 codec. We presume that the decoding time would also be in similar sequence.
And with regards to Bitrate Savings based on the Test Results, we can notice that H.266/VVC outperforms all other codecs, namely H.264/AVC, H.265/HEVC, and AV1, respectively. The biggest difference, in terms of bitrate savings, is between VVC and H.264, starting at around 59% at FHD and ending at about 93% at 8K resolution. VVC also overcomes HEVC and varies from around 32% at UHD to about 78% at 8K resolution. AV1 appears to be the second most effective codec, as it outperforms H.264, ranging from around 33% at FHD to about 81% at 8K resolution, as well as HEVC, varying from 3% at FHD to around 44% at 8K resolution. 
The bitrate savings between the two currently most used compression standards, namely HEVC and H.264, start from around 14% at FHD to about 77% at 8K resolution. The difference in bitrate savings between the newly developed codecs, namely VVC and AV1, begins from around 1% for UHD and ends at about 70% at 8K resolution.

*Table 2:  Averaged BD-BR savings depending on codec and resolution.
	
	FHD
	UHD
	8K

	H.266 vs. H.264
	−63.23%
	−75.43%
	−78.35%

	H.266 vs. H.265
	−50.58%
	−55.79%
	−59.59%

	H.266 vs. AV1
	−38.56%
	−41.47%
	−46.12%

	H.265 vs. H.264
	−26.59%
	−44.39%
	−53.24%

	AV1 vs. H.264
	−43.07%
	−61.17%
	−63.16%

	AV1 vs. H.265
	−20.07%
	−26.53%
	−22.21%

	

[bookmark: _bookmark18]*Table 3. Averaged BD-PSNR savings depending on codec and resolution.

	
	FHD
	UHD
	8K

	H.266 vs. H.264
	3.58 dB
	5.14 dB
	3.83 dB

	H.266 vs. H.265
	2.37 dB
	2.59 dB
	1.57 dB

	H.266 vs. AV1
	1.57 dB
	1.40 dB
	1.01 dB

	H.265 vs. H.264
	1.20 dB
	2.55 dB
	2.27 dB

	AV1 vs. H.264
	2.01 dB
	3.75 dB
	2.83 dB

	AV1 vs. H.265
	0.81 dB
	1.19 dB
	0.56 dB
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					Figure 1: Averaged BD-BR savings, depending on codec and resolution.

Some important considerations are as follow:
Currently, AV1 codec is a good candidate to incorporate into specifications as it is widely used by content providers, and:
· has a better bit rate saving compared to HEVC and AVC
· better video quality at high resolutions compared to HEVC and AVC
· best encoding time compared to HEVC and close to AVC results yet slightly better in spite of being a more powerful and doing more complex processing for coding.
VVC is also a potential candidate, and:
· on encoding time, it presents a much higher encoding time implying a factor for content providers to make decision based on it. big disadvantages compared to AV1, which is the best among all compared Codecs in this document. 
· on the other hand, it presents very good bit rate savings at high resolution compared to AV1 and even more efficient compared to HEVC, making VVC a candidate to be considered as a potential option for incorporation to specifications.
NOTE: Encoding is not a critical point for MNO’s but assumption is that VVC would consume more power in network compared to AV1 in decoding, making AV1 a better candidate yet to be further studied.
From the results, we can observe that AVC has lower quality compared to AV1, HEVC or VVC in general and this implies not a good candidate according to our view.
2. Proposal
It is proposed to study the feasibility of adding new Codecs (AV1/VVC) to supported Codecs sections on related Media Services specifications from rel 18 onwards. 
3. References 
* https://www.mdpi.com/2079-9292/13/5/953#:~:text=266%2FVVC%20outperforms%20all%20other,is%20between%20VVC%20and%20H.
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