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Introduction

Applications
Internet Video Streaming

The typical content for this application is movies, TV-series and shows, and animation. Internet video streaming uses a variety of client devices and has to operate under changing network conditions. For this reason, an adaptive streaming model has been widely adopted. Video material is encoded at different quality levels and different resolutions, which are then chosen by a client depending on its capabilities and current network bandwidth. An example combination of resolutions and bitrates is shown in a Table 1 below (note that actual bitrates may differ depending on content, frame rate and other factors).

[bookmark: _Ref319704500]Table 1. Typical bitrates and resolutions for video streaming applications
	Resolution
	Frame rate (fps)
	Bitrate (kbps), approximate
	PAM

	4K (3840x2160) 
	24, 25, 30, 50, 60
	15000
	RA

	2K (1920x1080)
	24, 25, 30, 50, 60
	5800
	RA

	1280x720
	24, 25, 30, 50, 60
	2500
	RA

	720x480
	24, 25, 30, 50, 60
	1800
	RA

	512x384
	24, 25, 30, 50, 60
	500
	RA

	320x240
	24, 25, 30, 50, 60
	250
	RA



A video encoding pipeline in Internet video streaming typically operates as follows:
· Video is encoded in the cloud by software encoders.
· Source video is split into chunks, each of which is encoded separately, in parallel.
· Closed-GOP encoding with 2-5 second intra-picture intervals (or more) is used.
· Encoding is perceptually optimized. Perceptual quality is important and should be considered during the codec development.

Characteristics and requirements of this application scenario are as follows: 
· High encoder complexity (up to 10x and more) can be tolerated in case of on-demand streaming since encoding happens once and in parallel for different segments. (Live streaming typically requires lower-complexity encoders capable of real-time operation).
· Decoding complexity should be kept at reasonable levels to enable efficient decoder implementation.
· Support and efficient encoding of a wide range of content types and formats is required:
· HDR, Wide Color Gamut (WCG), high resolution (4K), high frame rate content are important use cases, the codec should be able to encode such content efficiently.
· Coding efficiency improvements at low resolutions is also important, since low resolutions are used when streaming at low bandwidth conditions.
· Film grain (and sometimes other types of noise) is often present in the movie-type content and is usually a part of the creative intent. 
· Improvement on easy content still contributes to the overall bitrate/storage savings.
· Significant improvements in compression efficiency between generations of video standards are desirable since this scenario typically assumes long-term support of legacy video codecs.
· Random access points are inserted frequently (one per 2-5 seconds) to enable switching between resolutions/encodes and fast-forward. 
· Elementary stream should have a model that allows easy parsing and identification of the sample components.  
· Middle QP values are normally used in streaming, this is also the range where compression performance is important for this scenario.
· Scalability (or other forms of supporting multiple quality representations) are beneficial if they do not incur significant bitrate overhead. If there are plans to include multiple quality representations support in the codec,is useful for this scenario only if mandated it is most useful for this scenario if mandated in the first version.
Internet Protocol Television (IPTV) / IP-based over-the-top (OTT) video transmission

This is a service for delivering television content over IP-based networks. IPTV may be classified into two main groups based on the type of delivery, as follows:  
· unicast (e.g., for video on demand), where delay is not crucial and, hence, error resilience is not needed;  
· multicast/broadcast (e.g., for transmitting news) where zapping, i.e. stream changing, delay is important and, therefore, error resilience is required in the case of unmanaged networks like the Internet. 
In The main difference between IPTV and IP-based OTT video transmission, is that traffic is transmitted over managed (QoS-based) and unmanaged networks in the above cases, respectively. Typical content used in this application is news, movies, cartoons, series, TV shows, etc. One important requirement for both groups is that Random access to pictures, i.e. random access period (RAP) should be kept small enough (approximately, 1-15 seconds). For the second group, two An optional further requirements for this application is tshould be met:  
Temporal (frame-rate) scalability;  
Error robustness (only for IP-based OTT video transmission). 
For the first use case, the two above-mentioned requirements are optional. Support of resolution and quality (SNR) scalability is highly desirable for the both groups. For this application, typical values of resolutions, frame-rates, and RAPs are presented in Table 2.
[bookmark: h.30j0zll]
[bookmark: _Ref319704516]Table 2 IPTV: typical values of resolutions, frame-rates, and RAPs 
	Resolution*
	Frame rate, fps
	PAM

	2160p (4K), 3840x2160
	60
	RA

	1080p, 1920x1080
	24, 50, 60
	RA

	1080i, 1920x1080*
	30 (60 fields per second)
	RA

	720p, 1280x720
	50, 60 
	RA

	576p (EDTV), 720x576
	25, 50 
	RA

	576i (SDTV), 720x576*
	25, 30  
	RA

	480p (EDTV), 720x480
	50, 60 
	RA

	480i (SDTV), 720x480*
	25, 30
	RA



[bookmark: h.xvj0k3fvk417]NB*: Interlaced content can be handled at a higher system level and not necessarily by using specialized video coding tools. It is included in this table only for the sake of completeness as most video content today is in progressive format. 
Video conferencing
Video sharing
[bookmark: h.2et92p0]Screencasting
Game streaming
Video monitoring / surveillance


Requirements
Taking the requirements discussed above for specific video applications, this chapter proposes requirements for an internet video codec. The most basic requirement is coding efficiency, i.e. compression performance. It should be better than for state-of-the-art video codecs such as HEVC/H.265 and VP9. Levels to be supported by the new codec are presented in Table 6.

[bookmark: h.1t3h5sf][bookmark: _Ref319704569]Table 6 Codec levels 	Comment by Andrey Norkin: Should the requirements document specify level definitions? The table seems premature at the stage of the requirements. It is suggested to remove it. 
	Level
	Example picture resolution at highest frame rate

	1
	640x360 (230,400*)@60.0

	2
	640x360 (230,400*)@60.0
960x540 (518,400*)@30.0

	3
	720x576 (414,720*)@75.0
960x540 (518,400*)@60.0
1280x720 (921,600*)@30.0

	4
	1,280x720 (921,600*)@68.0
2,048x1,080 (2,211,840*)@30.0

	5
	1,280x720 (921,600*)@120.0
2,048x1,080 (2,211,840*)@60.0

	6
	1,920x1,080 (2,073,600*)@120.0
3,840x2,160 (8,294,400*)@30.0
4,096x2,160 (8,847,360*)@30.0

	7
	1,920x1,080 (2,073,600*)@250.0
4,096x2,160 (8,847,360*)@60.0

	8
	1,920x1,080 (2,073,600*)@300.0
4,096x2,160 (8,847,360*)@120.0

	9
	3,840x2,160 (8,294,400*)@120.0
8,192x4,320 (35,389,440*)@30.0

	10
	3,840x2,160 (8,294,400*)@250.0
8,192x4,320 (35,389,440*)@60.0

	11
	3,840x2,160 (8,294,400*)@300.0
8,192x4,320 (35,389,440*)@120.0



NB *: The quantities of pixels are presented for such applications where a picture can have an arbitrary size (e.g., screencasting)  

Basic requirements
General requirementsInput source formats: 
· Good quality specification and well-defined profiles and levels is a requirement to enable device interoperability and facilitate decoder implementations.
· Bitstream -syntax shall allow extensibility and backward compatibility, so that new fields can be added in the future without affecting the bitstream compatibility with legacy decoders.  
· The codec bitstream shall have a model that allows easy parsing and identification of the encoded sequence components, such as video picture data, slices, and parameter sets. Examples of such model are a startcode model with startcode emulation prevention mechanism (ISO/IEC14496-10 Annex B) and a media file model (ISO/IEC 14496-15 or IVF file format).
· Perceptual quality tools, such as adaptive QP, quantization matrices, noise generation SEI message, shall be supported by the codec bitstream.
· Perceptual quality should be considered during the codec development by incorporating perceptually optimized objective quality metrics into the process and performing subjective quality evaluation. 
Input source formats
· High dynamic range (HDR) and wide color gamut (WCG) shall be supported. 
· Bit depth: 8- and 10-bits per color component from the start, preferably 12-bit support as well.;  
· Color sampling formats: YCbCrUV 4:2:0, YCbCrUV 4:4:4, YCbCr 4:2:2..  
· Support of arbitrary resolution for such applications where a picture can have an arbitrary size (e.g., screencasting)  
Random accessCoding delay:
· Efficient random access point encoding (with 2-5 second interval) and efficient switching between multiple quality representations.
Coding delay  
· Support of configurations with zero structural delay also referred to as "low-delay" configurations (end-to-end delay should be up to 320 ms [] but it's preferable value should be less than 100 ms []) 
· Support of "low-delay" configurations (end-to-end delay should be up to 320 ms [1] but it's preferable value should be less than 100 ms [6]) Support of out-of-order encoding for applications without low-delay requirements.
Compression efficiency
· Compression efficiency improvement on both low resolutions and high resolutions relative to VP9  (or HEVC) codec is desirable. 
· XX% on lower resolutions (e.g. 480p).	Comment by Andrey Norkin: What is the required compression efficiency improvement? Relative to what codec?
· XX% on higher resolutions/frame rates, formats, rates (e.g. 4K, HFR, WCG, HDR).
· Compression efficiency on both “difficult” and “easy” content. 
Complexity:  
· Feasible real-time implementation of both an encoder and a decoder for hardware and software implementation based on a wide range of state-of-the-art platforms. 
· Encoder should allow feasible real-time implementations supporting a chosen subset of tools that can be used by real-time applications. 
· High-complexity software encoder implementations used by offline encoding applications can have 10x or more complexity increase compared to current video compression standards.
Scalability:  
· Temporal (frame-rate) scalability shall be supported.
Error resilience:  
· Error resilience tools that are complementary to the error protection mechanisms implemented on transport level should be supported. 
· Bitstream packetization methods for common network protocols shall be developed. 
· Packetization methods should provide frame-level error recovery by means of retransmission or error concealment. 
[bookmark: h.fdkaj6tqligf]Buffer models
· [bookmark: h.k69t074a7h4a]The codec specification shall specify a buffer model, such as hypothetical reference decoder (HRD). 
[bookmark: h.u8cqdh5oljim]Integration with upper layers  
· Specifications providing integration with system and delivery layers shall be developed.    
0. [bookmark: h.jd16qqjqlllm]Reference software  
· Reference software should comprise a fully operational encoder supporting necessary rate controls, subjective quality optimization features and some degree of speed optimization and a “real-time” decoder.
Optional requirements
Input source formats 
· Bit depth: up to 16-bits per color component.;  
· Color sampling formats: RGB 4:4:4.; ;  
· Auxiliary channel (e.g., alpha channel) support.;  Support of high dynamic range 
Scalability:  
· Resolution and quality (SNR) scalability, provided that scalability has low compression penalty (not higher than 5% of bitrate increase per layer). If possible, scalability should be supported in the first (main) version, not as an amendment.;  
· Computational complexity scalability, i.e. computational complexity is decreasing along with degrading picture quality. 
Compression efficiency
· Compression efficiency on noisy content and content with film grain is desirable for encoding movie and TV content. 
ParallelismComplexity:  
Tools that enable parallel processing (e.g., slices, tiles, wave front propagation processing) at both encoder and decoder sides are highly desirable for many applications. 

· High-level multi-core parallelism: encoder and decoder operation, especially entropy encoding and decoding, should allow multiple frames or sub-frame regions (e.g. 1D-slices, 2D-tiles, or partitions) to be processed concurrently, either independently or with deterministic dependencies that can be efficiently pipelined 
· Low-level instruction set parallelism: favor algorithms that are SIMD/GPU friendly over inherently serial algorithms 

Conclusions
Etc

