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Abstract
This document is a final Call for Proposals associated with technology for the scalable enhancement of the draft new 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 (Rec. ITU-T H.264 | ISO/IEC 14496-10) standard is being developed jointly by ISO/IEC MPEG and ITU-T WP3/16. This Call for Proposals is targeting at scalable extensions of that standard. More background information as well as information about applications and requirements are given in [1], [2] and [3].
Companies and organizations are invited to submit proposals in response to this Call. 
The results of these tests will be made public, taking into account that no direct identification of any of the proponents will be made (unless it is specifically requested or authorized by a proponent to be explicitly identified). Prior to having evaluated the results of the tests, no commitment to any course of action regarding the proposed technology can be made.
Descriptions of proposals shall be registered as input documents to the proposal evaluation meeting in October 2012 (see timeline in section 3). Proponents need to attend that meeting to present their proposals. Further information about logistical steps to attend the meeting can be obtained from the listed contact persons (see section 9).
2. Purpose
The purpose of this CfP is to potentially start the work associated with the multiple layer coding standards based on the responses received. In this CfP the focus is only on 2D video.
3. Timeline 
2012/05/11	Draft Call for Proposals 
2012/05/11	Availability of test materials 
2012/07/02	Availability of single layer anchors 
2012/07/21	Final Call for Proposals
2012/10/01	Submission of documents, bitstreams and executables (for details of the submission process contact the persons listed in section 9)
2012/10/10-19 	Evaluation of proposals and start of collaborative design phase
Tentative Standardization plans are
2013/01/23 Test Model
2013/04/26 First Working Draft
2014/06/25 Final Draft Standard
4. Test Conditions
4.1. Category 1 (HEVC Base Layer, 2D video)
Base layer uses HEVC coding tools.
4.1.1. Test Material
Test material is progressively scanned and uses 4:2:0 color sampling with 8 bits per component. 
Class B is used for the spatial down-scale factors of 1.5 and 2 in each spatial direction. The video sequences called Kimono, ParkScene, Cactus, BasketballDrive and BQTerrace will be used.
Class A+ is used for the spatial down-scale factor of 2: The video sequence called Traffic with spatial resolution of 3840x2048 will be used. After 2x down-sampling, 1920x1024 size video is produced for Traffic. For display on HDTV, padding on the edges will be added. The video sequence called PeopleOnStreet with spatial resolution of 3840x2160 will be used. After 2x down-sampling, 1920x1080 size video is produced.
4.1.2. Parameters and Conditions
4.1.2.1. Spatial Scalability
Number of layers: 2
HEVC conforming base layer anchors (down-sampled video and compressed bit streams) will be provided. The response to the call must use the provided base layer anchors (down-sampled video and compressed bit streams) as base layers.  
Spatial resolution factor (enhancement/base) of 1.5 in each x and y direction
Picture Aspect Ratio (PAR) and Picture Sample Aspect Ratio (PSAR) are same in the two layers. Enhancement layer spatial resolution: 1920x1080 and Base layer spatial resolution:1280x720. Enhancement and Base layers have the same frame rates.
Spatial resolution factor (enhancement/base) of 2.0 in each x and y direction 
Same PAR and PSAR in the two layers. Enhancement layer: 3840x2160 and base layer: 1920x1080. Enhancement layer: 3840x2048 and base layer: 1920x1024 (padding will be used to make it 1920x1080 for display on a HDTV monitor). Enhancement Layer: 1920x1080 and base layer: 960x540. Enhancement and Base layers have the same frame rates.
Base Layer Anchors’ attributes: 
· HEVC High Efficiency single layer at base resolution 
· Decimation process: Decimation filters are selected such that their impulse responses are cosine windowed sinc functions and about 90% (or more) frequencies in the down-sampled video are preserved (i.e. with about 0.9 π cut off in down-sampled domain).
· 8 bits per luma and chroma samples.
· 4:2:0 Chroma resolutions. 
· Coding Conditions:
· GOP Structure/ Structural Delay/ IDR frequency: Use RA from the common test condition
· Profiles: Main Profile with tiles_or_entropy_coding_sync_idc= 0.
· Software:  HM6.1
· QPbase parameters: QP = 22, 26, 30, and 34 . 
· RD Optimization: ON
· Q matrices: Flat
· Weighted prediction: No
· Motion Estimation / Search: Follow common test conditions 
· Single pass at Picture level : Follow common test conditions
· Number of reference pictures: Follow common test conditions 
Enhanced Resolution Single Layer Anchors:
· Coding conditions: 
· Same as for the Base layer anchors, with QP = QPbase -2, QPbase, QPbase + 2, QPbase + 4.
4.1.2.2. Intra-only Spatial Scalability
Number of layers: 2
HEVC conforming base layer anchors (down-sampled video and compressed bit streams) will be provided. The response to the call must use the provided base layer anchors (down-sampled video and compressed bit streams) as base layers.  
Spatial resolution factor (enhancement/base) of 1.5 in each x and y direction
Picture Aspect Ratio (PAR) and Picture Sample Aspect Ratio (PSAR) are same in the two layers. Enhancement layer spatial resolution: 1920x1080 and Base layer spatial resolution:1280x720. Enhancement and Base layers have the same frame rates.
Spatial resolution factor (enhancement/base) of 2.0 in each x and y direction 
Same PAR and PSAR in the two layers. Enhancement layer: 3840x2160 and base layer: 1920x1080. Enhancement layer: 3840x2048 and base layer: 1920x1024 (padding will be used to make it 1920x1080 for display on a HDTV monitor). Enhancement Layer: 1920x1080 and base layer: 960x540. Enhancement and Base layers have the same frame rates.
Enhancement layer pictures are compressed only in Intra or Inter-layer prediction modes wherein: 
· Intra prediction enables prediction of data of the enhancement layer picture from data of the same enhancement layer picture
· Inter-layer prediction enables prediction of data of the enhancement layer picture from data of the corresponding base layer picture

Base Layer Anchors: 
Same as 4.1.2.1 except all pictures are compressed only in Intra-picture mode.
Enhanced Resolution Single Layer Anchors:
Same as 4.1.2.1 except all pictures are compressed only in Intra-picture mode.
4.1.2.3. SNR scalability
Number of layers: 2
HEVC conforming base layer anchors (video and compressed bit streams) will be provided. The response to the call must use the provided base layer anchors (video and compressed bit streams) as base layers.  
Picture Aspect Ratio (PAR) and Picture Sample Aspect Ratio (PSAR) are same in the two layers.
Spatial and temporal resolutions are the same in the two layers.
Base Layer Anchors: 
Same as the enhanced resolution single layer anchors in 4.1.2.1 at QP (QPbase_snr) values = 26, 30, 34, 38.
Enhanced SNR Single Layer Anchors:
Same as the enhanced resolution single layer anchors in 4.1.2.1 at QP (QPenhance_snr) values = QPbase_snr - 2, QPbase_snr - 4, QPbase_snr - 6, QPbase_snr – 8.
4.1.3. Test Procedures
Objective testing (Spatial Scalability)
HEVC conforming base layer anchors (down-sampled video and compressed bit streams) are provided. The response to the call must use the provided base layer anchors (down-sampled video and compressed bit streams) as base layers.  
Submit enhanced resolution layers at the bit rates indicated in the Table in Annex B.

Comparisons of the PSNR vs bit rate for the enhanced resolution layers provided by all the proposals will be done. Comparisons with the PSNR vs bit rate for enhanced resolution single layer anchors (simulcast) will also be done.
A spreadsheet template is provided in Annex A for respondents to complete showing bit rate and PSNR values for each test point, which will include BD bit rate calculations.
Objective testing (Intra-only Spatial Scalability)
HEVC conforming base layer anchors (down-sampled video and compressed bit streams) are provided. The response to the call must use the provided base layer anchors (down-sampled video and compressed bit streams) as base layers.  
Submit enhanced resolution layers at the bit rates indicated in the Table in Annex B.
Comparisons of the PSNR vs bit rate for the enhanced resolution layers provided by all the proposals will be done. Comparisons with the PSNR vs bit rate for enhanced resolution single layer anchors (simulcast) will also be done.
A spreadsheet template is provided in Annex A for respondents to complete showing bit rate and PSNR values for each test point, which will include BD bit rate calculations.
Objective testing (SNR Scalability)
HEVC conforming base layer anchors (video and compressed bit streams) are provided. The response to the call must use the provided base layer anchors (video and compressed bit streams) as base layers.  
Submit enhanced resolution layers at the bit rates indicated in the Table in Annex B.
Comparisons of the PSNR vs bit rate for the enhancement layers provided by all the proposals will be done. Comparisons with the PSNR vs bit rate for single layer anchors (simulcast) at higher rates than the base layers will also be done.
A spreadsheet template is provided in Annex A for respondents to complete showing bit rate and PSNR values for each test point, which will include BD bit rate calculations.
Subjective Testing
Informal expert viewing will be done to compare the quality at the enhanced layers. Proponents are requested to be ready to provide all the decoded video sequences at the meeting in October 2012.
4.2. Category 2: Coding standard scalability (AVC Base Layer, 2D video only) 
Base layer uses AVC High Profile coding.
4.2.1. Test Material
Test material is progressively scanned and uses 4:2:0 color sampling with 8 bits per component. 
Class B is used for the spatial down-scale factors of 1.5 and 2 in each spatial direction. Video sequences called Kimono, ParkScene, Cactus, BasketballDrive and BQTerrace will be used.
Class A+ is used for the spatial down-scale factor of 2: Video sequence called Traffic with spatial resolution of 3840x2048 will be used. After 2x down-sampling, 1920x1024 size video is produced for Traffic. For display on HDTV, padding on the edges will be added. Video sequence called PeopleOnStreet with spatial resolution of 3840x2160 will be used. After 2x down-sampling, 1920x1080 size video is produced. 
4.2.2. Parameters and Conditions
4.2.2.1. Spatial Scalability
Number of layers: 2
AVC High Profile conforming base layer anchors (down-sampled video and compressed bit streams) will be provided. The response to the call must use the provided base layer anchors (down-sampled video and compressed bit streams) as base layers.  
Spatial resolution factor (enhancement/base) of 1.5 in each x and y direction
Picture Aspect Ratio (PAR) and Picture Sample Aspect Ratio (PSAR) in the two layers are the same. Enhancement layer: 1920x1080x60/50p and Base layer:1280x720x60/50p. 
Spatial resolution factor (enhancement/base) of 2.0 in each x and y direction
Same PAR and PSAR in the two layers. Enhancement layer: 3840x2160 and base layer: 1920x1080. Enhancement layer: 3840x2048 and base layer: 1920x1024 (padding will be used to make it 1920x1080 for display on a HDTV monitor). Enhancement Layer: 1920x1080 and base layer: 960x540. Enhancement and Base layers have the same frame rates.
Base Layer Anchors: 
· AVC single layer at base resolution 
· Decimation process: Decimation filters are selected such that their impulse responses are cosine windowed sinc functions and about 90% (or more) frequencies in the down-sampled video are preserved (i.e. with about 0.9 π cut off in down-sampled domain).
· 8 bits per luma and chroma samples, 
· 4:2:0 Chroma resolution
· Coding Conditions:
· GOP Structure/ Structural Delay/ IDR frequency: Use RA from the common test condition
· Profile: AVC High Profile 
· Software:  JM 18.3
· QPbase parameters: QP = 21, 25, 29, 33.
· RD Optimization: ON
· Q matrices: Flat
· Weighted prediction: No
· Motion Estimation / Search: Follow common test conditions 
· Single pass at Picture level : Follow common test conditions
· Number of reference pictures: Follow common test conditions 
Enhancement Layer AVC Anchors (see 4.1.2.1 for HEVC Enhancement Layer Anchors)
· Coding conditions: 
· Same as for the Base layer anchors, with QP = QPbase -2, QPbase, QPbase + 2, QPbase + 4.
4.2.3. Test Procedures
Objective testing
AVC High Profile conforming base layer anchors (down-sampled video and compressed bit streams) are provided. The response to the call must use the provided base layer anchors (down-sampled video and compressed bit streams) as base layers.  
Submit enhanced resolution layers at the bit rates indicated in the Table in Annex B.
Comparisons of the PSNR vs bit rate for the enhanced resolution layers provided by all the proposals will be done. Comparisons with the PSNR vs bit rate for HEVC enhanced resolution single layer anchors (simulcast) will be done. Comparisons with the PSNR vs bit rate for AVC enhanced resolution single layer anchors (simulcast) will be done.
A spreadsheet template is provided in Annex A for respondents to complete showing bit rate and PSNR values for each test point, which will include BD bit rate calculations.
Subjective Testing
Informal expert viewing will be done to compare the visual quality at the enhanced resolution. Proponents are requested to be ready to provide all the decoded video sequences at the meeting in October 2012.
5. Constraints for proposals
Submissions to the call shall obey the following additional constraints:
· The response to the call must use the provided base layer anchors (down-sampled video and compressed bit streams) as base layers.  
· All enhancement layers shall have the same random access points which are represented by intra pictures in the base layers provided.
· Pre-processing of all input video data (e.g. denoising, color correction, filtering etc) is not done.
· Only use post-processing if it is a normative part of the decoding process. Any such post-processing must be documented.
· Quantization settings should be kept static except once per coded bit stream. What change of quantization is used shall be described.
· Proponents shall not optimize encoding parameters or any processing steps using non-automatic means.
· The test video sequences shall not be used as the training set for training large entropy coding tables, VQ codebooks etc.
· Usage of multi-pass encoding is limited to the picture level and must be documented.
6. Requirements on Submissions
6.1. Submission categories and details
Submit proposals in any one or more categories:
· Spatial Scalability with the HEVC base layer (see 4.1.2.1) 
· Intra-only Spatial Scalability with HEVC base layer (see 4.1.2.2)
· SNR scalability (see 4.1.2.3) 
· Spatial Scalability with the AVC base layer (see 4.2.2.1). 
Submit filled spreadsheets provided in Annex A for respondents to complete. 
Submit bit streams, decoder executable and decoded video (upload the bit streams and executables at the site provided and bring the decoded video at the meeting).
Submit per picture PSNR for each component, and per picture bit usage for all QP values.
Proponents need to be present at the October meeting to present their submissions.
Submit technical descriptions described below:
· A technical description of the proposal sufficient for the full conceptual understanding and generation of equivalent performance results by experts and for conveying the degree of optimization required to replicate the performance. This description   should include all data processing paths and individual data processing components used to generate the bitstreams. Provide a detailed description of enhancement layer coding structure.
· The technical description shall contain information suitable to assess the complexity of the implementation of the technology, including the following:
· Encoding time (for each submitted bitstream) of the software implementation.  Proponents shall provide a description of the platform and methodology used to determine the time.  To help interpretation, a description of software and algorithm optimisations undertaken, if any, is welcome. Additionally, the run time for the HM6.1 encoding for the second lowest QP at the higher layer must be provided.
· Decoding time for each bitstream running the software implementation of the proposal, and for the corresponding constraint case anchor bitstream(s) run on the same platform.  Proponents shall provide a description of the platform and methodology used to determine the time.  To help interpretation, a description of software optimisations undertaken, if any, is encouraged. Additionally, the run time for the HM6.1 decoding for the second lowest QP at the higher layer must be provided.
· Expected memory usage of encoder and decoder. 
· Complexity characteristics of Motion Estimation (ME) / Motion Compensation (MC): E.g. number of reference pictures, sizes of frame (and associated decoder data) memories, sample value wordlength, block size, and motion compensation interpolation filter(s), where these functions differ from the corresponding HEVC functions.
· Description of transform(s): use of integer/floating point precision, transform characteristics (such as length of the filter/block size), if the transform differs from the HEVC transform Degree of capability for parallel processing.
6.2. Source Code
· Submit a statement about the programming language in the software is written, e.g. C/C++ and platforms on which the binaries were compiled.
· Proponents are encouraged to allow other committee participants to have access, on a temporary or permanent basis, to their encoded bitstreams and binary executables or source code.
· Proponents are advised that, upon acceptance for further evaluation, it will be required that certain parts of any technology proposed be made available in source code format to participants in the core experiment process and for potential inclusion in the prospective standard as reference software. When a particular technology is a candidate for further evaluation, commitment to provide such software is a condition of participation.  The software shall produce identical results to those submitted to the test. 
7. IPR
Proponents are advised that this call is being made subject to the common patent policy of ITU-T/ITU-R/ISO/IEC and other established policies of these standardization organizations. The persons named below as contacts can assist potential submitters in identifying the relevant policy information.
8. Fees
None.
9. Contact(s)
Jens-Rainer Ohm
Institute of Communications Engineering
RWTH Aachen University
Melatener Straße 23
D-52074 Aachen
+49 241 80 27671
ohm@ient.rwth-aachen.de

Gary Sullivan 
Microsoft Corp.
1 Microsoft Way
Redmond, WA 98052 USA
+1 425 703 5308
garysull@microsoft.com
10. References
[1] Ajay Luthra, Jens-Rainer Ohm, Jörn Ostermann (Editors), “Requirements of the scalable enhancement of HEVC”, ISO/IEC JTC 1/SC 29/WG 11 (MPEG) Doc. N12956, Stockholm, Sweden, July 2012. 
[2] Ajay Luthra, Jens-Rainer Ohm, Jörn Ostermann (Editors), “Use cases of the scalable enhancement of HEVC”,  ISO/IEC JTC 1/SC 29/WG 11 (MPEG) Doc. N12955, Stockholm, Sweden, July 2012. 
 [3] ITU-T SG16, “Draft Requirements for High Efficiency Video Coding (HEVC) Scalability Extension”, Annex Q6.A to doc. TD 190 (WP 3/16), Geneva, Switzerland, March, 2011.
(These documents can be obtained from the listed contact persons.)

ANNEX A
Spreadsheets to be completed and submitted by the respondents are provided in the attached Excel file. 

Attachments:
1.	Performance measurement spreadsheet.

ANNEX B
The target bitrate for each scalable enhancement layer coded bitstream shall be no higher than the indicated target percent of the corresponding single layer enhanced resolution bitstream.  The template provided in Annex A includes the calculated target bitrate per test point in Column X.



In this table,
AI 2x corresponds to the All Intra Spatial Scalability with spatial resolution factor (Enhancement/Base) of 2.0 in each X and Y direction (Section 4.1.2.2)
AI 1.5x corresponds to the All Intra Spatial Scalability with spatial resolution factor (Enhancement/Base) of 1.5 in each X and Y direction (Section 4.1.2.2)
RA 2x corresponds to Spatial Scalability with spatial resolution factor (Enhancement/Base) of 2.0 in each X and Y direction (see Section 4.1.2.1)
RA 1.5x corresponds to Spatial Scalability with spatial resolution factor (Enhancement/Base) of 1.5 in each X and Y direction (see Section 4.1.2.1).
Hybrid 2x corresponds to Spatial Scalability with spatial resolution factor (Enhancement/Base) of 2.0 in each X and Y direction. Base layer is compressed using AVC (see Section 4.2.2.1).
Hybrid 1.5 corresponds to Spatial Scalability with spatial resolution factor (Enhancement/Base) of 1.5 in each X and Y direction. Base layer is compressed using AVC (see Section 4.2.2.1).
RA SNR corresponds to the SNR scalability (see Section 4.1.2.3) 
QP Delta is the difference between the QP at the Enhancement and Base layers (Enhancement - Base).
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