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[bookmark: _GoBack]Abstract
This document provides description of Core Experiment (CE) 1 on optimizations without HEVC specification changes.
1. Introduction
The goal of this CE is to identify and investigate methods for the optimization of the HEVC Main 10 coding of High Dynamic Range (HDR) and Wide Color Gamut (WCG) content without any specification changes. Given this investigation, it is expected that improved HDR/WCG anchors will be produced, as well as a document providing recommendations of best practices for HDR/WCG processing and encoding given the current HEVC specification. 
1. Mandates
Mandates for this CE are as follows:
0. Identify and investigate methods for the optimization of HEVC Main 10 based HDR/WCG processing and coding that do not require specification changes.
0. Produce recommendations for creating more efficient HDR/WCG anchors.
0. Produce a document providing recommendations of best practices for HDR/WCG processing and encoding given the current HEVC specification.
0. Define a visual quality evaluation process 
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1. Tools potentially to be included in anchor creation
During the 112th MPEG meeting several contributions presented technologies that could result in improved anchors for the MPEG HDR/WCG CfE. Further investigation of the following technologies is recommended:
3. Chroma filtering 
· m36271:  On 4:4:4 to 4:2:0 conversion - Performance of downsampling and upsampling filters, and MinMax and Closed Loop Filtering (Apple)
· m36434: Upsampling and downsampling filters for HDR content (QCOM)
This technique also suggests using the Chroma Resampling SEI to achieve further benefits in performance. 
3. Preprocessing and postprocessing
· m36184: Ericsson's response to CfE for HDR and WCG  (Ericsson)
· m36271:  On 4:4:4 to 4:2:0 conversion - Performance of downsampling and upsampling filters, and MinMax and Closed Loop Filtering (Apple)
m36272: Clipping during 4:2:0 to 4:4:4 conversions Down/up filters supported by existing HEVC signaling.
· m36274: Coding results of noise-reduced 4:2:0 and 4:4:4 HDR signals (MovieLabs)
· m36279: Wiener filter for noise reduction pre-processing of HDR video signals (Apple)
Contribution m36184 showed very promising results in creating a Non-Constant Luminance (NCL) 4:2:0 input signal. We expect additional improvements by combining this method with the m36271. Potentially further gains may be achieved through a denoising process as outlined in contributions m36274 and m36279.
3. ChromaQP
· m36581: Using chroma QP offset on HDR sequences (Ericsson)
· m36749: Use of chroma QP offsets on HDR/WCG sequences (Apple)
During the CfE response, it was pointed out that chroma information in HDR/WCG material may be more susceptible to distortion than chroma in SDR material. One method that was identified to account for this was the use of chroma QP offsets during encoding. This investigation will include further analysis on the selection of appropriate chroma QP offset parameters for different sequences, QP-levels, as well as GOP units. Allocation of chroma QP offset per scene may be investigated.
 
1. Proposed tests:
All tests include the previous CfE anchors.
CE1.a: Chroma QP
0. m36581: Using chroma QP offset on HDR sequences (Ericsson)
0. m36749: Use of chroma QP offsets on HDR/WCG sequences (Apple)
CE1.b: Color format conversion
1. m36184: Color artifacts at the color gamut border from Ericsson's response to CfE for HDR and WCG  (Ericsson)
2. m36271, m36272: On 4:4:4 to 4:2:0 conversion - Performance of downsampling and upsampling filters, and MinMax and Closed Loop Filtering. Clipping during 4:2:0 to 4:4:4 conversions Down/up filters supported by existing HEVC signaling.
CE1.c: Pre-processing/denoising
1. m36274: Coding results of noise-reduced 4:2:0 and 4:4:4 HDR signals (MovieLabs)
2. m36279: Wiener filter for noise reduction pre-processing of HDR video signals (Apple)
CE1.d:  Constant luminance study
1. BT2020-CL, HEVC main10 anchor
2. BT2020-NCL, HEVC main10 anchor 

Preliminary list of participants and cross-checkers is shown in Table 1. 

Table 1. List of participants and cross-checkers
	Test
	Participants  
	Cross-checker

	CE1.a
	Apple, Ericsson
	Qualcomm, TBD

	CE1.a-related
	QCOM
	TBD

	CE1.b
	Apple, Ericsson
	Qualcomm, TBD

	CE1.b-related
	QCOM
	TBD

	CE1.c
	Apple, MovieLabs
	Qualcomm, TBD

	CE1.c-related
	QCOM
	TBD

	CE1.d
	TBD
	TBD

	
	
	



1. Evaluation procedure and output

CE1 coordinators has initiated discussion with the MPEG test chair Vittorio Baroncini and coordinator of Qualinet, Prof. Touradj Ebrahimi in order to develop evaluation procedure for CE1 and related activities. This section will be updated based on the outcome of this discussion.

1. CE-related contributions
CE-related contributions are welcome for submission. Proponents of these technologies may participate in evaluation procedure, but this is a subject of discussion in Evaluation procedure.  

1. Timeline

2015/07/10	Finalized CE description
2015/07/17	Code base is released
2015/10/01	Delivery of results to cross-checkers 
2015/10/14	Delivery of CE results 

1. Software framework 
NCL Anchor:		NCL as per BT2020, HEVC main10 
CL Anchor:  		CL as per BT2020, HEVC main10


