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Abstract
This document provides the requirements associated with the scalable enhancement of High Efficiency Video Coding (HEVC) standard.
1. Introduction

A new generation of video compression technology known as High Efficiency Video Coding (HEVC) that has substantially higher compression capability than the existing AVC (ITU-T H.264 | ISO/IEC 14496-10) standard is being developed jointly by ISO/IEC MPEG and ITU-T/VCEG. This document describes the requirements associated with the scalable extensions of that standard.  
2. Requirements
2.1. Spatial Scalability

The spatial scalability extension shall support 2 or more layers, each with different spatial resolution. 

For the video captured in progressively scanned formats and same aspect ratios  at the two layers, factors of 1.5 and 2 (per layer) increase in resolution between the base and enhancement layers in each direction are the two key operating points. 
Other (including non-symmetrical) scale factors besides 1.5x and 2.0x should also be supported.

Key spatial resolutions of interest are 4kx2k, 1920x1080, 1280x720, 854x480 (a.k.a. WVGA), 640x480 (a.k.a. VGA)

2.1.1. Aspect Ratio: 
2.1.1.1 Definitions:

picture sample aspect ratio (PSAR): the ratio between the horizontal distance between the columns and the vertical distance between the rows of the luma sample array in a picture. Picture sample aspect ratio is expressed as h:v, where h is horizontal width and v is vertical height (in arbitrary units of spatial distance).

picture aspect ratio (PAR): The ratio width:height of the captured picture where width and height are measured in the same length (spatial measurement) units. Picture aspect ratio is expressed as X:Y, where X is horizontal width and Y is vertical height (in arbitrary units of spatial distance).

2.1.1.2 Requirements for fixed (Spatially Invariant) PSAR
-
The standard shall support different picture aspect ratios (PARs) across the layers. Key two aspect ratios of interest are 16:9 and 4:3.

-
The standard should be able to support different picture sample aspect ratios (PSARs) across the layers. 
- See Annex A for the figures of some example cases.
2.1.1.3 Requirements for Spatially Varying PSAR

· The standard should be able to support spatially varying PSAR (e.g. the image may be stretched more on the edges than in the center). The information about how the spatially varying mapping is done may be provided as an input to the encoder. The sub-sampled video may also be generated outside the encoder and provided as an input to the encoder. 

- See Annex A for the figures of an example case.

2.1.1.4 Example use cases:

· The base layer is VGA and the enhancement layer is 720p. In this case PARs at the two layers are different but PSARs are the same (square pixels).

· The base layer is VGA and the enhancement layer is 16:9 WVGA. In this case PARs at the two layers are different but PSARs are the same (square pixels). But, here the vertical resolutions at both the layers are the same.
2.2. SNR scalability

The scalability extension shall support 2 or more layers with same spatial and temporal resolutions but different bit rates. 
Key operating region is 25% of total bit rate (per layer) bit rate reduction. 
Bit rate variation can be achieved via adjusting Quantization parameter, Quantization matrix and/or truncation of frequency coefficients.

2.3. Temporal scalability

The standard shall support 2 or more layers with different frame rates in increasing or decreasing factors of multiple of 2.
2.4. View Scalability for 3D Video 

The scalability extension shall support View Scalability in order to enable stereoscopic and multi-view display.    There shall be mechanisms of supporting View Scalability that are appropriate for both real-time encoding of live content as well as non real-time encoding with a mechanism which enables user control of viewing preferences.These mechanisms may or may not be the same. 
2.4.1 Pixel based View Scalability 
There shall be a mechanism of supporting View Scalability that is capable of:

· Exploiting inter-view redundancy of two views suitable for direct plano-stereoscopic display in order to substantially reduce the total bit-rate required, relative to the bit-rate required for independent HEVC coding of the two views. 

· Exploiting inter-view redundancy of multiple views in order to substantially reduce the total bit-rate required, relative to the bit-rate required for independent HEVC coding of each view.

· Enabling a legacy 2D HEVC decoder to extract and decode a single view from the encoded stereoscopic or multi-view bitstream.

2.4.2 Depth map and other data based View 
There shall be a mechanism of supporting View Scalability based on Depth map and other data.

It shall be capable of:

· Enabling display-related or user control of viewing preferences, such as the degree of depth perception.  
· Exploiting inter-view redundancy of two views suitable for direct plano-stereoscopic display in order to very substantially reduce the total bit-rate of the data required to enable the generation of the two views (e.g. using 2D video and a depth map).

· Exploiting inter-view redundancy of multiple views in order to very substantially reduce the total bit-rate required to enable the generation of many high-quality views in a manner suitable for multi-view display (e.g. on an autostereoscopic display).

· Enabling a legacy 2D HEVC decoder to extract and decode a single view from the encoded stereoscopic or multi-view bitstream.

2.5. Combination of different Coding Standards with Scalability
2.5.1 Combination of Spatial Scalability, AVC and HEVC standards
- 
The scalability extension should include one or more modes (Profiles) where it is able to operate with a base layer that is compliant with AVC Standard’s Constrained Baseline Profile, Main Profile and High Profile.  The Base layer, for now, is constrained to be progressively scanned video. The enhancement layer can contain HEVC based and other coding tools. It is also restricted to be progressively scanned video until single layer HEVC work concludes how to address interlaced scanned video (Note: revisit this after the single layer HEVC work concludes how to address interlaced scanned video). 
- 
The base layer resolution specifications are the same as that for the base layer corresponding to HEVC only compliant base layer. The mechanism used to achieve compatibility with AVC standard shall not cause unacceptable increase in complexity and reduction in the performance of the HEVC extension when it is operating in a mode (Profile) with an HEVC-compliant base layer.

2.5.2 Combination of View Scalability, AVC and HEVC standards
-
The scalability extension should include a mode where it is able to operate with a base layer that is compliant with AVC standard’s Constrained Baseline Profile, Main Profile or High Profile.  The enhancement layer can contain HEVC based and other coding tools. The mechanism used to achieve compatibility with AVC standard shall not cause unacceptable increase in complexity and reduction in the performance of the HEVC extension when it is operating in a mode (Profile) with an HEVC-compliant base layer. The enhancement layer, corresponding to other views, may consist of pixels corresponding to those views (MVC style scalability) or HEVC based representation of 2D Depth and other data.
2.6. Scalability with Different Complexity Across the Layers
The standard shall allow flexibility to have coding tools with different complexity across various layers. For example, 
· base layer can be compliant with one or more of possible Low Complexity Profiles and the enhancement layer(s) can be compressed using coding tools associated with one or more High Efficiency Profiles. 
· Or, base layer can be compliant with one or more possible High Efficiency Profiles and the enhancement layer can be compressed using low complexity coding tools.

2.7. Robustness to transmission errors/loss and congestion (Error Resilience)

The scalability extension should enhance the transmission over error-prone or congested channels compared to the transmission of single-layer HEVC. Primary focus is on packet losses with varying statistics across various networks.
The standard shall allow the mechanisms that can take advantage of advanced system layer features to allow unequal protection of parts of the scalable bitstream:

· Unequal protection of layers

· Unequal protection of especially important NAL units in a layer (parameter sets, intra slices, …)

The standard shall allow the mechanisms for the following options:
· Graceful degradation
· Sending additional information layer to help in concealing losses
· Low delay source coding based error resiliency, using scalable layers (note: needs further explanation)
· Low delay error resiliency
· Resiliency against burst losses
· Allow the option of multiple layers to be independently decodable.

2.8. End-to-end delay and latency

The scalability extension shall enable at least the same end-to-end delay and latency as single-layer HEVC.

2.9. Random access

The scalability extension shall allow for at least the same random access properties as single-layer HEVC. 
2.10. Color space scalability
-
The scalability extension shall support a base and enhancement layer with different color spaces

-
The scalability extension shall support a combination of color space scalability and spatial scalability.

-
The scalability extension shall support tristimulus values in the enhancement layer that can not be represented in the base layer color space. 
2.11. Intra-only spatial scalability
-
The scalability extension shall support scalable extension of Intra-only coding.
2.12. Combination of Scalability Tools

The standard shall support a mechanism that allows combination of two or more scalabilities enabling diverse permutations of the various scalabilities described above: SNR, Spatial, Temporal, View, Coding standards scalabilities etc. Some example combinations are provided below.
2.12.1 Combination of Spatial Scalability and SNR Scalability

The scalability extension shall allow various combinations of spatial scalability with SNR scalability layers. For example,
· the base layer consisting of video compressed at certain bit rate (e.g. 1280x720x60 at 2Mbps),
· an enhancement layer consisting of video compressed at higher bit rate (e.g. 1280x720x60 at 3 Mbps),
· another enhancement layer consisting of video compressed with higher spatial resolution (e.g. 1920x1080x60 at 6 Mbps).
2.12.2 Combination of Spatial Scalability and Temporal Scalability 
The scalability extension shall allow various combinations of spatial scalability with temporal scalability layers. For example,
· the base layer consisting of video compressed at certain frame rate and resolution (e.g. 1280x720x30)
· an enhancement layer consisting of video compressed at higher frame rate and spatial resolution (e.g. 1920x1080x60).
2.12.3 Combination of Spatial Scalability and View Scalability
The scalability extension shall allow various combinations of spatial scalability with view scalability. Some examples are:
· a mono-view base layer at certain spatial resolution with enhancement to higher spatial resolution and the view scalability to provide stereo-view at that higher spatial resolution (e.g. 1280x720x60 resolution mono-view base layer with enhancement to1920x1080x60 mono-view and another enhancement using view scalability to provide1920x1080x60 stereo-view).
· the base view as well as enhancement layers include video layers with different spatial resolutions with stereo-view capability at both spatial resolutions (e.g. 1280x720x60 resolution stereo-views with enhancement to1920x1080x60 stereo-views).
Similarly, more than two scalabilities can be combined to allow other various options to a user.
3 System Level Considerations 
Scalable coding technology shall specify efficient and easy ways to carry the bitstreams over widely used protocols and networks. The compressed video will get transported using MPEG-2 Systems, MPEG DASH and various Internet Protocols. The video may be multiplexed, re-multiplexed, statistically multiplexed, transrated and transcoded in the chain from the source to destination. Efficiency and ease of carriage over various networks should be a part of the design.
ANNEX A

Aspect Ratio Scalability Examples
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Fig. A1. PSAR is same in both enhancement and base layers. The base layer is a cropped version of the enhancement layer.  In this figure, the enhancement layer is 1280x720 and the base layer is 853x480 (WVGA) and both the layers have PSAR of 1.
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Fig. A2. PSAR is same in both enhancement and base layers. The base layer is a scaled and cropped version of the enhancement layer. In this figure, the enhancement layer is 1280x720 and the base layer is 640x480 (VGA) and both the layers have PSAR of 1.
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Fig. A3. PSAR is different in the enhancement and the base layers. The base layer is generated by using spatially invariant scaling with unequal scaling factors in horizontal and vertical directions. In this figure, the enhancement layer is 1280x720 and the base layer is 640x480. PSAR is 1 in the enhancement layer and is 3/4 in the base layer. 
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Fig. A4. PSAR is different in the enhancement and the base layers. The base layer is generated by using spatially varying (content-adaptive) scaling with unequal scaling factors in horizontal and vertical directions. In this figure, the enhancement layer is 1280x720 and the base layer is 640x480. PSAR is 1 in the enhancement layer and is spatially varying in the base layer. 
ANNEX B
Requirements of the HEVC Extensions Under Consideration

B.1 Bit Depth (Revisit after HEVC develops single layer solution to support higher than 8 bits depth)
· Provide support for bit-depth scalability with a change of at least 2 bits between layers.  For example, an 8-bit base layer and a 10-bit enhancement layer.  
B.2 Chroma Resolution (Revisit after HEVC develops single layer solution to support 4:4:4 resolution)
· Provide support for scalability from 4:2:0 to 4:4:4 chroma resolution. The 4:4:4 chroma resolution extension may also be accompanied with the bit depth scalability. 
· Requirements to support wider color gamut are not clear at this stage.
· .
B.3 Support (Signaling) of Interlaced Video

-
To be revisited after decision related to the support (signaling) of Interlaced video is made for the single layer case.  
B.4 Shoot and Protect Area (revisit after HEVC single layer support is defined)
· The standard should be able to signal a “shoot and protect” or “safe” area within the video image, which contains the critical video content which is intended to be retained after a cropping operation (e.g. for aspect ratio conversion).   The shoot and protect aspect ratio will generally be different from the picture aspect ratio (e.g. there may be a 14:9 shoot and protect area within a 16:9 picture).
B.5 Combination of different Coding Standards with Scalability
B.5.1  Combination of Spatial Scalability, MPEG-2 and HEVC standards (TBD)
- 
The scalability extension should include one or more modes (Profiles) where it is able to operate with a base layer that is compliant with MPEG-2 Standard’s Main Profile.  The enhancement layer can contain HEVC based and other coding tools. The enhancement layer is also restricted to be progressively scanned video until single layer HEVC work concludes how to address interlaced scanned video (Note: revisit this after the single layer HEVC work concludes how to address interlaced scanned video). 
