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Summary

The Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T WP3/16 and ISO/IEC JTC 1/ SC 29/ WG 11 held its eighteenth meeting during 30 June – 9 July 2014 at the Sapporo Convention Center, Sapporo, JP. The JCT-VC meeting was held under the chairmanship of Dr Gary Sullivan (Microsoft/USA) and Dr Jens-Rainer Ohm (RWTH Aachen/Germany). For rapid access to particular topics in this report, a subject categorization is found (with hyperlinks) in section 1.14 of this document.
The JCT-VC meeting sessions began at approximately 1600 hours on Monday 30 June 2014. Meeting sessions were held on all days (including weekend days) until the meeting was closed at approximately XXXX hours on Wednesday 9 July 2014. Approximately XXX people attended the JCT-VC meeting, and approximately XXX input documents were discussed. The meeting took place in a collocated fashion with a meeting of ITU-T SG16 – one of the two parent bodies of the JCT-VC. The subject matter of the JCT-VC meeting activities consisted of work on the video coding standardization project known as High Efficiency Video Coding (HEVC) and its extensions.

The primary goals of the meeting were to review the work that was performed in the interim period since the seventeenth JCT-VC meeting in producing the 15th HEVC Test Model (HM15) software and text, the version 1 conformance, the range extensions (RExt) Draft 7 (to be issued as new edition along with version 1 corrigenda items) with associated test model, software and conformance, the Scalable HEVC (SHVC) extensions Draft 6 with associated test model and software, review the results from one interim Core Experiments on SHVC (SCE1) and five Core Experiments on Screen Content Coding (SCCE1), review the input documents on common high level syntax for SHVC and 3D extensions, and review other technical input documents. Important topics of the meeting included the review of progress made towards definitions of SHVC and screen content coding tools. Advancing the work on development of conformance and reference software for HEVC and its extensions is also a significant goal. Needs for corrections to version 1 and RExt were also considered.
In addition to experiment plan descriptions, the JCT-VC produced XX other particularly important output documents from the meeting (to be updated):
· For HEVC version 1, the HEVC test model (HM) 15, HEVC Defect Report draft 4 (for Version 1), HEVC conformance testing draft 7, and the HEVC version 1 verification test report;

· For HEVC range extensions (RExt), the HEVC range extensions draft 7 (final specification draft submitted for ISO/IEC approval), RExt test model 7, and RExt conformance draft 1;

· For HEVC scalable extensions (SHVC), the SHVC extensions draft 6 and SHVC Test Model 6, and a document specifying common test conditions and software reference configurations for SHVC experiments;

· For HEVC screen content coding (SCC) extensions, the HEVC screen content coding test model 1, and a document specifying common test conditions and software reference configurations for SCC experiments;

For the organization and planning of its future work, the JCT-VC established XX "ad hoc groups" (AHGs) to progress the work on particular subject areas. The next four JCT-VC meetings are planned for 17–24 October 2014 under WG 11 auspices in Strasbourg, FR, during 10–18 Feb. 2015 under ITU-T auspices in Geneva, CH, during 18–26 June 2015 under WG 11 auspices in Warsaw, PL, and during XX–XX Oct. 2015 under ITU-T auspices in XXXX, XX.
The document distribution site http://phenix.it-sudparis.eu/jct/ was used for distribution of all documents.

The reflector to be used for discussions by the JCT-VC and all of its AHGs is the JCT-VC reflector:
jct-vc@lists.rwth-aachen.de hosted at RWTH Aachen University. For subscription to this list, see
http://mailman.rwth-aachen.de/mailman/listinfo/jct-vc.
Administrative topics
1.1 Organization

The ITU-T/ISO/IEC Joint Collaborative Team on Video Coding (JCT-VC) is a group of video coding experts from the ITU-T Study Group 16 Visual Coding Experts Group (VCEG) and the ISO/IEC JTC 1/ SC 29/ WG 11 Moving Picture Experts Group (MPEG). The parent bodies of the JCT-VC are ITU-T WP3/16 and ISO/IEC JTC 1/SC 29/WG 11.

The Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T WP3/16 and ISO/IEC JTC 1/ SC 29/ WG 11 held its eighteenth meeting during 30 June – 9 July 2014 at the Sapporo Convention Center, Sapporo, JP. The JCT-VC meeting was held under the chairmanship of Dr Gary Sullivan (Microsoft/USA) and Dr Jens-Rainer Ohm (RWTH Aachen/Germany).
1.2 Meeting logistics

The JCT-VC meeting sessions began at approximately 1600 hours on Monday 30 June 2014. Meeting sessions were held on all days (including weekend days) until the meeting was closed at approximately XXXX hours on Wednesday 9 July 2014. Approximately XXX people attended the JCT-VC meeting, and approximately XXX input documents were discussed. The meeting took place in a collocated fashion with a meeting of ITU-T SG16 – one of the two parent bodies of the JCT-VC. The subject matter of the JCT-VC meeting activities consisted of work on the new next-generation video coding standardization project known as High Efficiency Video Coding (HEVC) and its extensions.

Some statistics are provided below for historical reference purposes:

· 1st "A" meeting (Dresden, 2010-04):

188 people, 40 input documents

· 2nd "B" meeting (Geneva, 2010-07):

221 people, 120 input documents

· 3rd "C" meeting (Guangzhou, 2010-10):

244 people, 300 input documents

· 4th "D" meeting (Daegu, 2011-01):

248 people, 400 input documents

· 5th "E" meeting (Geneva, 2011-03):

226 people, 500 input documents

· 6th "F" meeting (Torino, 2011-07):

254 people, 700 input documents
· 7th "G" meeting (Geneva, 2011-11)

284 people, 1000 input documents

· 8th "H" meeting (San Jose, 2012-02)

255 people, 700 input documents

· 9th "I" meeting (Geneva, 2012-04/05)

241 people, 550 input documents

· 10th "J" meeting (Stockholm, 2012-07)

214 people, 550 input documents

· 11th "K" meeting (Shanghai, 2012-10)

235 people, 350 input documents

· 12th "L" meeting (Geneva, 2013-01)

262 people, 450 input documents

· 13th "M" meeting (Incheon, 2013-04)

183 people, 450 input documents

· 14th "N" meeting (Vienna, 2013-07/08)

162 people, 350 input documents

· 15th "O" meeting (Geneva, 2013-10/11)

195 people, 350 input documents

· 16th "P" meeting (San José, 2014-01)

152 people, 300 input documents

· 17th "Q" meeting (Valencia, 2014-03/04)
126 people, 250 input documents

· 18th "R" meeting (Sapporo, 2014-06/07)

XXX people, XXX input documents

Information regarding logistics arrangements for the meeting had been provided via the email reflector jct-vc@lists.rwth-aachen.de and at http://wftp3.itu.int/av-arch/jctvc-site/2014_06_R_Sapporo/.
1.3 Primary goals

The primary goals of the meeting were to review the work that was performed in the interim period since the seventeenth JCT-VC meeting in producing the 15th HEVC Test Model (HM15) software and text, the version 1 conformance, the range extensions (RExt) Draft 7 (to be issued as new edition along with version 1 corrigenda items) with associated test model, software and conformance, the Scalable HEVC (SHVC) extensions Draft 6 with associated test model and software, review the results from one interim Core Experiments on SHVC (SCE1) and five Core Experiments on Screen Content Coding (SCCE1), review the input documents on common high level syntax for SHVC and 3D extensions, and review other technical input documents. Important topics of the meeting included the review of progress made towards definitions of SHVC and screen content coding tools. Advancing the work on development of conformance and reference software for HEVC and its extensions is also a significant goal. Needs for corrections to version 1 and RExt were also considered.
1.4 Documents and document handling considerations
1.4.1 General

The documents of the JCT-VC meeting are listed in Annex A of this report. The documents can be found at http://phenix.it-sudparis.eu/jct/.

Registration timestamps, initial upload timestamps, and final upload timestamps are listed in Annex A of this report.

The document registration and upload times and dates listed in Annex A and in headings for documents in this report are in Paris/Geneva time. Dates mentioned for purposes of describing events at the meeting (other than as contribution registration and upload times) follow the local time at the meeting facility.
Highlighting of recorded decisions in this report:

· Decisions made by the group that affect the normative content of the draft standard are identified in this report by prefixing the description of the decision with the string "Decision:".
· Decisions that affect the reference software but have no normative effect on the text are marked by the string "Decision (SW):".
· Decisions that fix a "bug" in the specification (an error, oversight, or messiness) are marked by the string "Decision (BF):".

· Decisions regarding things that correct the text to properly reflect the design intent, add supplemental remarks to the text, or clarify the text are marked by the string "Decision (Ed.):".
· Decisions regarding simplification or improvement of design consistency are marked by the string "Decision (Simp.):".

· Decisions regarding complexity reduction (in terms of processing cycles, memory capacity, memory bandwidth, line buffers, number of entropy-coding contexts, number of context-coded bins, etc.) … "Decision (Compl.):".
This meeting report is based primarily on notes taken by the chairs and projected for real-time review by the participants during the meeting discussions. The preliminary notes were also circulated publicly by ftp during the meeting on a daily basis. Considering the high workload of this meeting and the large number of contributions, it should be understood by the reader that 1) some notes may appear in abbreviated form, 2) summaries of the content of contributions are often based on abstracts provided by contributing proponents without an intent to imply endorsement of the views expressed therein, and 3) the depth of discussion of the content of the various contributions in this report is not uniform. Generally, the report is written to include as much discussion of the contributions and discussions as is feasible (in the interest of aiding study), although this approach may not result in the most polished output report.
1.4.2 Late and incomplete document considerations

The formal deadline for registering and uploading non-administrative contributions had been announced as Friday, 20 June 2014.
Non-administrative documents uploaded after 2359 hours in Paris/Geneva time Saturday 21 June 2014 were considered "officially late".

Most documents in the "late" category were CE reports or cross-verification reports, which are somewhat less problematic than late proposals for new action (and especially for new normative standardization action).

At this meeting, we again had a substantial amount of late document activity, but in general the early document deadline gave a significantly better chance for thorough study of documents that were delivered in a timely fashion. The group strived to be conservative when discussing and considering the content of late documents, although no objections were raised regarding allowing some discussion in such cases.
All contribution documents with registration numbers JCTVC-R0242 and higher were registered after the "officially late" deadline (and therefore were also uploaded late). However, some documents in the "R0242+" range include break-out activity reports that were generated during the meeting, and are therefore better considered as report documents rather than as late contributions.

In many cases, contributions were also revised after the initial version was uploaded. The contribution document archive website retains publicly-accessible prior versions in such cases. The timing of late document availability for contributions is generally noted in the section discussing each contribution in this report.
One suggestion to assist with the issue of late submissions was to require the submitters of late contributions and late revisions to describe the characteristics of the late or revised (or missing) material at the beginning of discussion of the contribution. This was agreed to be a helpful approach to be followed at the meeting.

The following other technical design proposal contributions were registered on time but were uploaded late:

· JCTVC-R0XXX (a proposal on XXX) [uploaded 06-XX],

· …
The following other documents not proposing normative technical content were registered on time but were uploaded late:

· JCTVC-R0XXX (an information document about XXX) [uploaded 06-XX],

· …
The following cross-verification reports were registered on time but were uploaded late: JCTVC-R0XXX [uploaded 06-XX], ….
The following contribution registrations were later cancelled, withdrawn, never provided, were cross-checks of a withdrawn contribution, or were registered in error: JCTVC-R0XXX, ….
Ad hoc group interim activity reports, CE summary results reports, break-out activity reports, and information documents containing the results of experiments requested during the meeting are not included in the above list, as these are considered administrative report documents to which the uploading deadline is not applied.
As a general policy, missing documents were not to be presented, and late documents (and substantial revisions) could only be presented when sufficient time for studying was given after the upload. Again, an exception is applied for AHG reports, CE summaries, and other such reports which can only be produced after the availability of other input documents. There were no objections raised by the group regarding presentation of late contributions, although there was some expression of annoyance and remarks on the difficulty of dealing with late contributions and late revisions.
It was remarked that documents that are substantially revised after the initial upload are also a problem, as this becomes confusing, interferes with study, and puts an extra burden on synchronization of the discussion. This is especially a problem in cases where the initial upload is clearly incomplete, and in cases where it is difficult to figure out what parts were changed in a revision. For document contributions, revision marking is very helpful to indicate what has been changed. Also, the "comments" field on the web site can be used to indicate what is different in a revision.

"Placeholder" contribution documents that were basically empty of content, with perhaps only a brief abstract and some expression of an intent to provide a more complete submission as a revision, were considered unacceptable and were to be rejected in the document management system, as has been agreed since the third meeting.

The initial uploads of the following contribution document was rejected as a "placeholder" without any significant content and was not corrected until after the upload deadline:

· JCTVC-R0XXX (a proposal on XXX, corrected by a late upload on 06-XX)

· …
A few contributions had some problems relating to IPR declarations in the initial uploaded versions (missing declarations, declarations saying they were from the wrong companies, etc.). These issues were corrected by later uploaded versions in a reasonably timely fashion in all cases (to the extent of the awareness of the chairs).
Some other errors were noticed in other initial document uploads (wrong document numbers in headers, etc.) which were generally sorted out in a reasonably timely fashion. The document web site contains an archive of each upload.

1.4.3 Measures to facilitate the consideration of contributions

It was agreed that, due to the continuingly high workload for this meeting, the group would try to rely extensively on summary CE reports. For other contributions, it was agreed that generally presentations should not exceed 5 minutes to achieve a basic understanding of a proposal – with further review only if requested by the group. For cross-verification contributions, it was agreed that the group would ordinarily only review cross-checks for proposals that appear promising.

When considering cross-check contributions, it was agreed that, to the extent feasible, the following data should be collected:

· Subject (including document number).

· Whether common conditions were followed.

· Whether the results are complete.

· Whether the results match those reported by the contributor (within reasonable limits, such as minor compiler/platform differences).

· Whether the contributor studied the algorithm and software closely and has demonstrated adequate knowledge of the technology.

· Whether the contributor independently implemented the proposed technology feature, or at least compiled the software themselves.

· Any special comments and observations made by a cross-check contributor.

1.4.4 Outputs of the preceding meeting

The report documents of the previous meeting, particularly including the meeting report JCTVC-Q1000, the HEVC Test Model 15 (HM15) JCTVC-Q1002 (which however is almost identical with HM14 and considerably lacks quality of encoder description), the Defect Report JCTVC-Q1003, the Conformance Draft JCTVC-Q1004, the Draft Specification of Range Extensions JCTVC-Q1005, the RExt Test Model JCTVC-Q1013 and Conformance Draft JCTVC-Q1012, the SHVC draft specification JCTVC-Q1008, the SHVC test model JCTVC-Q1007, the SCC test model JCTVC-Q1014, the common test conditions for SHVC (JCTVC-O1009) and SCC (JCTVC-Q1015), and the HEVC version 1 verification test report JCTVC-Q1011 were approved. The HM reference software and the reference software versions for range extensions, SHVC and SCC were also approved.
The group had initially been asked to review the prior meeting report for finalization. The meeting report was later approved without modification.
All output documents of the previous meeting and the software had been made available in a reasonably timely fashion.
The chairs asked if there were any issues regarding potential mismatches between perceived technical content prior to adoption and later integration efforts. It was also asked whether there was adequate clarity of precise description of the technology in the associated proposal contributions.

It was remarked that, in regard to software development efforts – for cases where "code cleanup" is a goal as well as integration of some intentional functional modification, it was emphasized that these two efforts should be conducted in separate integrations, so that it is possible to understand what is happening and to inspect the intentional functional modifications.
The need for establishing good communication with the software coordinators was also emphasized.

At some previous meetings, it had been remarked that in some cases the software implementation of adopted proposals revealed that the description that had been the basis of the adoption apparently was not precise enough, so that the software unveiled details that were not known before (except possibly for CE participants who had studied the software). Also, there should be time to study combinations of different adopted tools with more detail prior to adoption.

CE descriptions need to be fully precise – this is intended as a method of enabling full study and testing of a specific technology.
Greater discipline in terms of what can be established as a CE may be an approach to helping with such issues. CEs should be more focused on testing just a few specific things, and the description should precisely define what is intended to be tested (available by the end of the meeting when the CE plan is approved).

It was noted that sometimes there is a problem of needing to look up other referenced documents, sometimes through multiple levels of linked references, to understand what technology is being discussed in a contribution – and that this often seems to happen with CE documents. It was emphasized that we need to have some reasonably understandable description, within a document, of what it is talking about.

Software study can be a useful and important element of adequate study; however, software availability is not a proper substitute for document clarity.

Software shared for CE purposes needs to be available with adequate time for study. Software of CEs should be available early, to enable close study by cross-checkers (not just provided shortly before the document upload deadline).
Issues of combinations between different features (e.g., different adopted features) also tend to sometimes arise in the work.
1.5 Attendance

The list of participants in the JCT-VC meeting can be found in Annex B of this report.

The meeting was open to those qualified to participate either in ITU-T WP3/16 or ISO/IEC JTC 1/‌SC 29/‌WG 11 (including experts who had been personally invited by the Chairs as permitted by ITU-T or ISO/IEC policies).

Participants had been reminded of the need to be properly qualified to attend. Those seeking further information regarding qualifications to attend future meetings may contact the Chairs.

1.6 Agenda

The agenda for the meeting was as follows:

· IPR policy reminder and declarations

· Contribution document allocation

· Reports of ad hoc group activities

· Reports of Core Experiment activities

· Review of results of previous meeting

· Consideration of contributions and communications on project guidance

· Consideration of technology proposal contributions

· Consideration of information contributions

· Coordination activities

· Future planning: Determination of next steps, discussion of working methods, communication practices, establishment of coordinated experiments, establishment of AHGs, meeting planning, refinement of expected standardization timeline, other planning issues

· Other business as appropriate for consideration

1.7 IPR policy reminder

Participants were reminded of the IPR policy established by the parent organizations of the JCT-VC and were referred to the parent body websites for further information. The IPR policy was summarized for the participants.

The ITU-T/ITU-R/ISO/IEC common patent policy shall apply. Participants were particularly reminded that contributions proposing normative technical content shall contain a non-binding informal notice of whether the submitter may have patent rights that would be necessary for implementation of the resulting standard. The notice shall indicate the category of anticipated licensing terms according to the ITU-T/ITU-R/ISO/IEC patent statement and licensing declaration form.
This obligation is supplemental to, and does not replace, any existing obligations of parties to submit formal IPR declarations to ITU-T/ITU-R/ISO/IEC.

Participants were also reminded of the need to formally report patent rights to the top-level parent bodies (using the common reporting form found on the database listed below) and to make verbal and/or document IPR reports within the JCT-VC as necessary in the event that they are aware of unreported patents that are essential to implementation of a standard or of a draft standard under development.

Some relevant links for organizational and IPR policy information are provided below:

· http://www.itu.int/ITU-T/ipr/index.html (common patent policy for ITU-T, ITU-R, ISO, and IEC, and guidelines and forms for formal reporting to the parent bodies)

· http://ftp3.itu.int/av-arch/jctvc-site (JCT-VC contribution templates)

· http://www.itu.int/ITU-T/studygroups/com16/jct-vc/index.html (JCT-VC general information and founding charter)

· http://www.itu.int/ITU-T/dbase/patent/index.html (ITU-T IPR database)

· http://www.itscj.ipsj.or.jp/sc29/29w7proc.htm (JTC 1/‌SC 29 Procedures)

It is noted that the ITU TSB director's AHG on IPR had issued a clarification of the IPR reporting process for ITU-T standards, as follows, per SG 16 TD 327 (GEN/16):

"TSB has reported to the TSB Director's IPR Ad Hoc Group that they are receiving Patent Statement and Licensing Declaration forms regarding technology submitted in Contributions that may not yet be incorporated in a draft new or revised Recommendation. The IPR Ad Hoc Group observes that, while disclosure of patent information is strongly encouraged as early as possible, the premature submission of Patent Statement and Licensing Declaration forms is not an appropriate tool for such purpose.

In cases where a contributor wishes to disclose patents related to technology in Contributions, this can be done in the Contributions themselves, or informed verbally or otherwise in written form to the technical group (e.g. a Rapporteur's group), disclosure which should then be duly noted in the meeting report for future reference and record keeping.

It should be noted that the TSB may not be able to meaningfully classify Patent Statement and Licensing Declaration forms for technology in Contributions, since sometimes there are no means to identify the exact work item to which the disclosure applies, or there is no way to ascertain whether the proposal in a Contribution would be adopted into a draft Recommendation.

Therefore, patent holders should submit the Patent Statement and Licensing Declaration form at the time the patent holder believes that the patent is essential to the implementation of a draft or approved Recommendation."
The chairs invited participants to make any necessary verbal reports of previously-unreported IPR in draft standards under preparation, and opened the floor for such reports: No such verbal reports were made.
1.8 Software copyright disclaimer header reminder

It was noted that, as had been agreed at the 5th meeting of the JCT-VC and approved by both parent bodies at their collocated meetings at that time, the HEVC reference software copyright license header language is the BSD license with preceding sentence declaring that contributor or third party rights are not granted, as recorded in N10791 of the 89th meeting of ISO/IEC JTC 1/‌SC 29/‌WG 11. Both ITU and ISO/IEC will be identified in the <OWNER> and <ORGANIZATION> tags in the header. This software is used in the process of designing the HEVC standard and its extensions, and for evaluating proposals for technology to be included in the design. After finalization of the draft (current version JCTVC-M1010), the software will be published by ITU-T and ISO/IEC as an example implementation of the HEVC standard and for use as the basis of products to promote adoption of the technology.

Different copyright statements shall not be committed to the committee software repository (in the absence of subsequent review and approval of any such actions). As noted previously, it must be further understood that any initially-adopted such copyright header statement language could further change in response to new information and guidance on the subject in the future.
1.9 Communication practices

The documents for the meeting can be found at http://phenix.it-sudparis.eu/jct/. For the first two JCT-VC meetings, the JCT-VC documents had been made available at http://ftp3.itu.int/av-arch/jctvc-site, and documents for the first two JCT-VC meetings remain archived there as well. That site was also used for distribution of the contribution document template and circulation of drafts of this meeting report.
JCT-VC email lists are managed through the site http://mailman.rwth-aachen.de/mailman/options/jct-vc, and to send email to the reflector, the email address is jct-vc@lists.rwth-aachen.de. Only members of the reflector can send email to the list. However, membership of the reflector is not limited to qualified JCT-VC participants.
It was emphasized that reflector subscriptions and email sent to the reflector must use real names when subscribing and sending messages and subscribers must respond to inquiries regarding the nature of their interest in the work.

It was emphasized that usually discussions concerning CEs and AHGs should be performed using the reflector. CE internal discussions should primarily be concerned with organizational issues. Substantial technical issues that are not reflected by the original CE plan should be openly discussed on the reflector. Any new developments that are result of private communication cannot be considered to be the result of the CE.
For the case of CE documents and AHG reports, email addresses of participants and contributors may be obscured or absent (and will be on request), although these will be available (in human readable format – possibly with some "obscurification") for primary CE coordinators and AHG chairs.

1.10 Terminology

Some terminology used in this report is explained below (some additions are needed for SCC):

· AHG: Ad hoc group.
· AI: All-intra.

· AIF: Adaptive interpolation filtering.

· ALF: Adaptive loop filter.
· AMP: Asymmetric motion partitioning.

· AMVP: Adaptive motion vector prediction.

· APS: Active parameter sets.

· ARC: Adaptive resolution conversion (synonymous with DRC).

· AU: Access unit.

· AUD: Access unit delimiter.

· AVC: Advanced video coding – the video coding standard formally published as ITU-T Recommendation H.264 and ISO/IEC 14496-10.

· BA: Block adaptive.

· BD: Bjøntegaard-delta – a method for measuring percentage bit rate savings at equal PSNR or decibels of PSNR benefit at equal bit rate (e.g., as described in document VCEG-M33 of April 2001).

· BL: Base layer.

· BoG: Break-out group.

· BR: Bit rate.

· CABAC: Context-adaptive binary arithmetic coding.

· CBF: Coded block flag(s).

· CD: Committee draft – the first formal ballot stage of the approval process in ISO/IEC.

· CE: Core experiment – a coordinated experiment conducted after the 3rd or subsequent JCT-VC meeting and approved to be considered a CE by the group.

· CGS: Colour gamut scalability (historically, coarse-grained scalability).
· CL-RAS: Cross-layer random-acess skip.

· Consent: A step taken in ITU-T to formally consider a text as a candidate for final approval (the primary stage of the ITU-T "alternative approval process").

· CTC: Common test conditions.

· CVS: Coded video sequence.

· DCT: Discrete cosine transform (sometimes used loosely to refer to other transforms with conceptually similar characteristics).

· DCTIF: DCT-derived interpolation filter.

· DIS: Draft international standard – the second formal ballot stage of the approval process in ISO/IEC.

· DF: Deblocking filter.

· DRC: Dynamic resolution conversion (synonymous with ARC).

· DT: Decoding time.

· EPB: Emulation prevention byte (as in the emulation_prevention_byte syntax element).

· EL: Enhancement layer.

· ET: Encoding time.

· HEVC: High Efficiency Video Coding – the video coding standardization initiative under way in the JCT-VC.

· HLS: High-level syntax.

· HM: HEVC Test Model – a video coding design containing selected coding tools that constitutes our draft standard design – now also used especially in reference to the (non-normative) encoder algorithms (see WD and TM).
· IBDI: Internal bit-depth increase – a technique by which lower bit depth (8 bits per sample) source video is encoded using higher bit depth signal processing, ordinarily including higher bit depth reference picture storage (ordinarily 12 bits per sample).

· ILP: Inter-layer prediction (in scalable coding).

· IPCM: Intra pulse-code modulation (similar in spirit to IPCM in AVC).

· JM: Joint model – the primary software codebase that has been developed for the AVC standard.

· JSVM: Joint scalable video model – another software codebase that has been developed for the AVC standard, which includes support for scalable video coding extensions.

· LB or LDB: Low-delay B – the variant of the LD conditions that uses B pictures.

· LD: Low delay – one of two sets of coding conditions designed to enable interactive real-time communication, with less emphasis on ease of random access (contrast with RA). Typically refers to LB, although also applies to LP.
· LM: Linear model.

· LP or LDP: Low-delay P – the variant of the LD conditions that uses P frames.

· LUT: Look-up table.

· LTRP: Long-term reference pictures

· MANE: Media-aware network elements.

· MC: Motion compensation.
· MPEG: Moving picture experts group (WG 11, the parent body working group in ISO/IEC JTC 1/‌SC 29, one of the two parent bodies of the JCT-VC).

· MV: Motion vector.
· OLS: Output layer set

· NAL: Network abstraction layer (as in AVC).

· NB: National body (usually used in reference to NBs of the WG 11 parent body).
· NSQT: Non-square quadtree.

· NUH: NAL unit header.

· NUT: NAL unit type (as in AVC and HEVC).

· OBMC: Overlapped block motion compensation.

· PCP: Parallelization of context processing.
· POC: Picture order count.

· PPS: Picture parameter set (as in AVC and HEVC).

· QM: Quantization matrix (as in AVC and HEVC).

· QP: Quantization parameter (as in AVC and HEVC, sometimes confused with quantization step size).

· QT: Quadtree.
· RA: Random access – a set of coding conditions designed to enable relatively-frequent random access points in the coded video data, with less emphasis on minimization of delay (contrast with LD).
· RADL: Rancom-access decodable leading.

· RASL: Random-access skipped leading.
· R-D: Rate-distortion.

· RDO: Rate-distortion optimization.
· RDOQ: Rate-distortion optimized quantization.

· ROT: Rotation operation for low-frequency transform coefficients.

· RPS: Reference picture set

· RQT: Residual quadtree.
· RRU: Reduced-resolution update (e.g. as in H.263 Annex Q).

· RVM: Rate variation measure.

· SAO: Sample-adaptive offset.
· SCC: Screen content coding

· SD: Slice data; alternatively, standard-definition.

· SEI: Supplemental enhancement information (as in AVC).

· SH: Slice header.

· SHVC: Scalable high efficiency video coding.

· SIMD: Single instruction, multiple data.

· SPS: Sequence parameter set (as in AVC and HEVC).

· TE: Tool Experiment – a coordinated experiment conducted toward HEVC design between the 1st and 2nd or 2nd and 3rd JCT-VC meeting, or a coordinated experiment conducted toward SHVC design between the 11th and 12th JCT-VC meeting.
· VCEG: Visual coding experts group (ITU-T Q.6/16, the relevant rapporteur group in ITU-T WP3/16, which is one of the two parent bodies of the JCT-VC).

· VPS: Video parameter set – a parameter set that describes the overall characteristics of a coded video sequence – conceptually sitting above the SPS in the syntax hierarchy.

· WD: Working draft – a draft standard.

· WG: Working group (usually used in reference to WG 11, a.k.a. MPEG).

· WPP: Wavefront parallel processing

· Block and unit names:

· CTB: Coding tree block (luma or chroma).

· CTU: Coding tree unit (containing both luma and chroma, synonymous with LCU)

· CB: Coding block (luma or chroma).

· CU: Coding unit (containing both luma and chroma).
· LCU: (formerly LCTU) largest coding unit (name formerly used for CTU before finalization of HEVC version 1).
· PB: Prediction block (luma or chroma)

· PU: Prediction unit (containing both luma and chroma), with four shape possibilities for non-AMP cases.
· 2Nx2N: Having the full width and height of the CU.

· 2NxN: Having two areas that each have the full width and half the height of the CU.

· Nx2N: Having two areas that each have half the width and the full height of the CU.

· NxN: Having four areas that each have half the width and half the height of the CU.

· TB: Transform block (luma or chroma).

· TU: Transform unit (containing both luma and chroma).
1.11 Liaison activity

The JCT-VC did not send or receive formal liaison communications at this meeting.

1.12 Opening remarks

Opening remarks included:
· Remarks on lateness of documents.

· Remarks on the number of documents.
· Publication of RExt – suggested plan to issue new edition replacement FDIS including SHVC and MV-HEVC, since prior FDIS ballot not yet begun
Primary topic areas were noted as follows:

· HLS

· SHVC

· RExt and pseudo-RExt – little input (R0128)
· Corrigenda items, preparation of new edition (how to progress RExt to final approval ballot in ISO/IEC) – no input
· Screen content coding
Other
· Verification test for interlaced video – no input
· Reference software and conformance, RExt & SHVC
Unfinished (or less-than-optimally finished) deliverables

· HM test model text

Deliverables from this meeting
· SHVC FDIS / FDAM / Consent

· HEVC conformance FDIS / Consent

· HEVC reference software FDIS / Consent
Two main tracks were followed for most meeting discussions:

· HLS

· SCC

1.13 Scheduling of discussions

Scheduling: Generally meeting time was scheduled during 0800 – 2000, with coffee and lunch breaks as convenient. The meeting had been announced to start with AHG reports and continue with parallel review on SHVC HLS, SHVC and RExt CE work and related contributions during the first few days. Ongoing refinements were announced on the group email reflector as needed.

Some particular scheduling notes are shown below, although not necessarily 100% accurate:
· Mon. 30 June, 1st day 1600–2030
· JCT-VC opening and review of AHG reports [JRO & GJS] 

· Tue. 1 July, 2nd day 0900–2100 (2145)
· Track A: Phase, CGS, HLS

· Track B: SCCEs
· VCEG Q6/16 3Q (1400–1515)

· Welcome reception 1720–1920

· Wed. 2 July, 3rd day 0845–2100 (2145)
· Track A: CGS, HLS

· Track B: SCCEs & related non-CEs

· Thu. 3 July, 4th day 0845–2000 (2145)
· JCT-3V 0900–…

· BoG (J. Boyce) HLS cleanups 1Q (0900–1015)

· BoG (R. Cohen, Y.-W. Huang) SCCE3 (0900–…)

· Track A: (1045–2000
· Fri. 4 July, 5th day 0845–2000 (2145)
· TrackA: (0900–…)

· BoG (R. Cohen, Y.-W. Huang) SCCE3 (0900–…)

· VCEG Q6/16 4Q (1545–1700)
· Sat. 5 July, 6th day 0845–2000 (2145)
· Track A 0900–2000
· Palette BoG 0900–2000
· Sun. 6 July, 7th day 0845–2000 (2145)
· Track A 1400–1800

· HLS BoG
· Palette BoG 0900-1300
· Track B 1400–2000
· Mon. 7 July, 8th day 1530–2030
· MPEG plenary (0900-1300)

· VCEG Q6/16 2Q (1400–1530)

· JCT-VC Track A (1530-1600)

· VCEG+MPEG+VC+3V joint (1600-1800)

· JCT-VC Track A (1830-2030)
· Tue. 8 July, 9th day 0900–2000 (2145)
· VCEG Q6/16 4Q 0745–0845)

· JCT-VC Track A (0900–1045)

· VCEG+MPEG+VC+3V joint (1100-1300)

· …

· Wed. 9 July, 10th day 0845–1300
· VCEG Q6/16 4Q (1545–1700)
· …

Specific needs:
· R0010 VPS repetition text review (AKR)
· R0011 BoG on editorial quality (YKW)

· R0043 decoder capability requirements
· SEI editorial status, esp. colour remapping and knee function
· R0214 & R0216 test sequences

· R0101 Compression perf

· R0103 Referencing structure


General needs:
· 
· A few minor HLS related revisits

· 
· AHG formation
· Output doc review
· CE plan review
1.14 Contribution topic overview

The approximate subject categories and quantity of contributions per category for the meeting were summarized and categorized into "tracks" (A, B, or P) for "parallel session A", "parallel session B", or "Plenary" review, as follows. Discussions on topics categorized as "Track A" were primarily chaired by Gary Sullivan, whereas discussions on topic categorized as "Track B" were primarily chaired by Jens-Rainer Ohm. Some plenary sessions were chaired by both co-chairmen, and others were chaired by Gary Sullivan. Chairing of other discussions is noted for particular topics. (Note: Allocation to tracks was subject to changes)
· AHG reports (17) Track P (section 2)
· Coding performance, implementation, and design analysis (1) Track P (section 3.4)

· Profile and level definitions (2) Track P/Joint with Parent Bodies (section 3.5)
· Source video test material (2) Track P (section 3.7)
· SHVC CE1: Colour gamut and bit depth scalability (8) Track A (section 4) – done.
· SCC CE1: Intra block copy (31) Track B (section 5.1)
· SCC CE2: Line-based intra bock copy (5) Track B (section 5.2)

· SCC CE3: Palette mode (50) Track B (section 5.3)

· SCC CE4: String matching (10) Track B (section 5.4)

· SCC CE5: Inter-component prediction and adaptive colour transform (11) Track B (section 5.5)

· Non-CE SHVC (11) Track A (section 6.1)
· CGS (7) – done.

· Upsampling and phase offset (3) – some revisit remaining.
· Non-CE SCC (108) Track B (section 6.2)
CE1 related 40, CE2 related 4, CE3 related 43, CE4 related 3, CE5 related 7, other 11
· High-level syntax common issues in RExt, 3D, SHVC, single layer (1) BoG | Track A (section 6.3)

· High-level syntax in SHVC and 3D extensions (30) BoG | Track A | joint with JCT-3V (section 6.4)
· VUI and SEI messages (11) BoG | Track A (section 6.5)

· Non-normative (1) (section 6.6)

· Plenary discussions and BoG reports (0) Track P (section 7)

· Outputs & planning: AHG & CE plans, Conformance, Reference software, Verification testing, Chroma format, CTC (sections 9, 10, and 11)
NOTE – The number of contributions in each category, as shown in parenthesis above, may not be 100% precise.

2 AHG reports (17)
The activities of ad hoc groups (AHGs) that had been established at the prior meeting are discussed in this section.
(Reviewed Mon 30th p.m., jointly chaired by GJS & JRO, except as noted otherwise.)
JCTVC-R0001 JCT-VC AHG report: Project management (AHG1) [G. J. Sullivan, J.-R. Ohm]
This document reports on the work of the JCT-VC ad hoc group on Project Management, including an overall status report on the project and the progress made during the interim period since the preceding meeting.

In the interim period since the 17th JCT-VC meeting, the 15th HEVC Test Model (HM15) software and text had been produced, one Core Experiment on scalable extensions (SCE1) and five Core Experiments on screen content coding tools (SCCE1…5) were run. In preparation of the 18th meeting, progress was made towards definitions of Scalable HEVC (SHVC) extensions, while the specification text for range extensions into higher bit depths and non-4:2:0 colour sampling was finalized (integrated into text for new edition along with miscellaneous version 1 corrigenda items). Furthermore, an initial test model (and software) for screen content coding tools was set up. Advancing the work on development of conformance and reference software for HEVC and its extensions was also a significant goal. Further needs for corrections to version 1 were considered, and after finalization, the report on the verification test for HEVC version 1 performance testing was finalized.

The work of the JCT-VC overall had proceeded well and actively in the interim period with an increased number of input documents to the current meeting. Active discussion had been carried out on the group email reflector (which had 1751 subscribers as of 2014-06-30), and the output documents from the preceding meeting had been produced.

Except as noted below, output documents from the preceding meeting had been made available at the "Phenix" site (http://phenix.it-sudparis.eu/jct/) or the ITU-based JCT-VC site (http://wftp3.itu.int/av-arch/jctvc-site/2014_03_Q_Valencia/ ), particularly including the following:

· The meeting report (JCTVC-Q1000) [Posted 2014-06-30]

· The HM 15 encoder description (JCTVC-Q1002) [Posted 2014-06-22] (which however is almost identical with HM14 and considerably lacks quality of encoder description)

· The HEVC (version 1) defect report draft 4, to be submitted as integrated text with ISO/IEC FDIS 23008-2:201X 2nd edition (JCTVC-Q1003) [Posted 2014-05-28]

· The HEVC conformance specification Draft 7, to be submitted as Preliminary Draft of ISO/IEC FDIS 23008-8 (JCTVC-Q1004) [Posted 2014-05-25]

· HEVC range extensions Draft 7, as integrated text for ISO/IEC FDIS 23008-2:201X 2nd edition (JCTVC-Q1005) [First posted 2014-04-0, last updated 2014-06-19]

· SHVC Test Model 6 (JCTVC-Q1007) [Posted 2014-06-07]

· SHVC Draft 6, submitted as ISO/IEC Study of DAM (JCTVC-Q1008) [First posted 2014-04-15, last updated 2014-06-21]

· Common SHM test conditions and software reference configurations (JCTVC-Q1009) [Posted 2014-04-29]

· HEVC verification test report (JCTVC-Q1011) [Posted 2014-05-18]

· Range Extensions conformance draft (JCTVC-Q1012) [Posted 2014-06-24]

· Range Extensions Test Model 7 encoder description (JCTVC-Q1013) [Posted 2014-06-11]

· Screen Content Coding Test Model 1 (JCTVC-Q1014) [Posted 2014-04-28]

· Common SCC test conditions and software reference configurations (JCTVC-Q1015) [First posted 2014-05-02, last updated 2014-05-07]

· Description of HEVC Scalable Extensions Core Experiment 1 (SCE1): Color gamut and bit depth scalability (JCTVC-Q1101) [Posted 2014-04-29]

· Description of HEVC Screen Content Coding Core Experiment 1 (SCCE1): Intra block copy (JCTVC-Q1121) [First posted 2014-04-05 with final update 2014-04-18]

· Description of HEVC Screen Content Coding Core Experiment 2 (SCCE2): Line based intra copy (JCTVC-Q1122) [First posted 2014-04-08 with final update 2014-04-19]

· Description of HEVC Screen Content Coding Core Experiment 3 (SCCE3): Palette mode (JCTVC-Q1123) [Posted 2014-04-18]

· Description of HEVC Screen Content Coding Core Experiment 4 (SCCE4): String matching for sample coding (JCTVC-Q1124) [First posted 2014-04-04 with final update 2014-04-21]

· Description of HEVC Screen Content Coding Core Experiment 5 (SCCE5): Inter-component prediction and adaptive colour transform (JCTVC-Q1121) [First posted 2014-04-04 with final update 2014-04-18]

The various ad hoc groups and the six core experiments had made progress, and various reports from those activities had been submitted.

The different software modules (HM, RExt, SHVC and Screen Content) had been prepared and released approximately as scheduled.

Since the approval of software copyright header language at the March 2011 parent-body meetings, that topic seems to be resolved.

Released versions of the software are available on the SVN server at the following URL:
https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/version_number,
where version_number corresponds to one of the versions described below – e.g., HM-15.0. 

Intermediate code submissions can be found on a variety of branches available at:
https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/branches/branch_name,
where branch_name corresponds to a branch (eg., HM-15.0-dev).

Various problem reports relating to asserted bugs in the software, draft specification text, and reference encoder description had been submitted to an informal "bug tracking" system (https://hevc.hhi.fraunhofer.de/trac/hevc). That system is not intended as a replacement of our ordinary contribution submission process. However, the bug tracking system was considered to have been helpful to the software coordinators and text editors. The bug tracker reports had been automatically forwarded to the group email reflector, where the issues were discussed – and this is reported to have been helpful. It was noted that contributions had generally been submitted that were relevant to resolving the more difficult cases that might require further review.

The ftp site at ITU-T is used to exchange draft conformance testing bitstreams. The ftp site for downloading bitstreams is http://wftp3.itu.int/av-arch/jctvc-site/bitstream_exchange/.

A spreadsheet to summarize the status of bitstream exchange, conformance bitstream generation is available in the same directory. It includes the list of bitstreams, codec features and settings, and status of verification.

Approximately 300 input contributions to the current meeting had been registered. A significant number of late-registered and late-uploaded contributions were noted, even though most were cross-check documents.

A preliminary basis for the document subject allocation and meeting notes for the 18th meeting had been circulated to the participants by being announced in email, and was publicly available on the ITU-hosted ftp site.
JCTVC-R0002 JCT-VC AHG report: HEVC test model editing and errata reporting (AHG2) [B. Bross, K. McCann (AHG co-chairs), W.-J. Han, I.-K. Kim, J.-R. Ohm, K. Sugimoto, G. J. Sullivan, Y.-K. Wang (AHG vice-chairs)]

This document reports the work of the JCT-VC ad hoc group on HEVC test model editing and errata reporting (AHG2) between the 17th meeting in Valencia (27 March – 4 April 2014) and the 18th meeting in Sapporo (30 June – 9 July 2014).
Documents JCTVC-P1002 and JCTVC-P1003 were approved as JCT-VC output documents at the 17th JCT-VC meeting.
An issue tracker (https://hevc.hhi.fraunhofer.de/trac/hevc) was used in order to facilitate the reporting of errata with the HEVC documents.  No issues with either the HEVC specification (JCTVC L1003 and JCTVC-P1003) or the HM14 Encoder Description (JCTVC-P1002) were reported on the tracker during the period of this report. 

The HM15 Encoder Description was published as JCTVC-Q1002.

The HEVC Edition 1 Defect Report Draft 4 was published as JCTVC-Q1003.
The recommendations of the HEVC test model editing and errata reporting AHG are for JCT-VC to:

· Approve the HM15 Encoder Description in document JCTVC-Q1002 as JCT-VC output 

· Approve the HEVC Edition 1 Defect Report Draft 4 in document JCTVC-Q1003 as JCT-VC output

· Encourage the use of the issue tracker to report issues with the text of both the HEVC specification and the Encoder Description
· Identify and resolve any issues relating to mismatches between software and text

· Consider how best to organize future work on editorial improvements to the Encoder documentation for both HEVC version 1 and the Range Extensions

JCTVC-R0003 JCT-VC AHG report: HEVC HM software development and software technical evaluation (AHG3)
This report summarises the activities of the AhG on HEVC HM software development and software technical evaluation that have taken place between the 17th and 18th JCT-VC meetings. Activities focused on fixing bugs.

The mandates given to the AhG are as follows:

· Coordinate development of the HM software and its distribution.

· Produce documentation of software usage for distribution with the software.

· Prepare and deliver HM 15.0 software version and the reference configuration encodings according to JCTVC-L1100 common conditions.

· Prepare and deliver additional "dot" version software releases and software branches as appropriate.

· Suggest configuration files for additional testing of tools.

· Coordinate with AHG2 on HEVC test model editing and errata reporting to identify any mismatches between software and text.

A brief summary of activities related to each mandate is given below.

1. Development of the software was co-ordinated with the parties needing to integrate changes. A single track of development was pursued. The distribution of the software was made available through the SVN servers set up at HHI and the BBC, as announced on the JCT-VC email reflector.

2. The HM user manual has been updated and a version controlled copy is included in the doc directory of the repository. A PDF version has been produced and is included in the same location prior to each HM release.

3. Version 15.0 is still in development to be released during the 18th JCT-VC meeting. A number of bugs have been identified and fixed.

4. There are a number of reported software bugs that should be fixed.

A detailed history of all changes made to the software can be viewed at https://hevc.hhi.fraunhofer.de/trac/hevc/timeline.

Released versions of the software are available on the SVN server at the following URL: 
https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/version_number,

where version_number corresponds to one of the versions described below (eg., HM-11.0). Intermediate code submissions can be found on a variety of branches available at:

https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/branches/branch_name,

where branch_name corresponds to a branch (eg., HM-11.0-dev).

HM 14.0 had been released on April 3, 2014. 

The coding performance did not change compared to HM-13.0.

HM 15.0 had not yet been released, but is expected during the 18th JCT-VC meeting. This version contains additional bug fixes and cleanups.

Unless the release has been tagged, the development branch can be found under
https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/branches/HM-14.0-dev
There were no performance changes expected for HM 15.0.

Recommendations of the AHG were to:

· Continue to develop reference software based on HM version 15.0 and improve its quality.

· Test reference software more extensively outside of common test conditions

· Add more conformance checks to the decoder to more easily identify non-conforming bitstreams, especially for profile and level constraints.

· Encourage people who are implementing HEVC based products to report all (potential) bugs that they are finding in that process.

· Encourage people to submit bistreams that trigger bugs in the HM. Such bitstreams may also be useful for the conformance specification.

JCTVC-R0004 JCT-VC AHG report: HEVC conformance test development (AHG4) [T. Suzuki, J. Boyce, K. Kazui, A. K. Ramasubramonian, Y. Ye]

Reviewed in Track A (GJS) on 07-04 (Fri.) a.m. (esp. for SHVC).
The ftp site at ITU-T is used to exchange bitstreams. The ftp site for downloading bitstreams is

http://wftp3.itu.int/av-arch/jctvc-site/bitstream_exchange/
A spreadsheet to summarize the status of bitstream exchange, conformance bitstream generation is available at this directory. It includes the list of bitstreams, codec features and settings, and status of verification.

The guideline to generate the conformance bitstreams is summarized in JCTVC-O1010.
After the Valencia meeting, some problems were reported in HEVC version 1 conformance bitstreams, as detailed in the report. The status of all bitstreams was summarized in an Excel sheet attached to the report. Particular identified problems that had not been corrected yet before the discussion were listed as follows:

· missing zero_byte (needs re-encoding or scan to insert extra bytes)

· sps(vps)_extension_flag (add clarification)

· slice_segment_header_extension_present_flag (add clarification)

· max bits per LCU (needs re-encoding)

· profile compatibility flags (6 bitstreams from Samsung and 1 from Vidyo) (needs re-encoding or scan to change bit patterns)

It would be nice to have more "corner case" bitstreams. However, we seem ready to proceed to Consent / FDIS.

Bit depth & chroma format to cover in RExt conformance are as follows.
· 4:0:0, 4:2:0, 4:2:2, 4:4:4

· 8, 10, 12, 16b
Profiles in RExt include Monochrome 12, Monochrome 16, Main 12, Main 4:2:2 10, Main 4:2:2 12, Main 4:4:4 10, Main 4:4:4 12, Main Intra, Main 10 Intra, Main 12 Intra, Main 4:2:2 10 Intra, Main 4:2:2 12 Intra, Main 4:4:4 10 Intra, Main 4:4:4 12 Intra, and Main 4:4:4 16 Intra profiles.
The plan is to cover all profiles. It is not necessary to re-test HEVC v1 features, but new features must be checked.
The initial idea of bitstream features is summarized in a table in the report.

Volunteers were listed for the RExt conformance bitstreams.
Overall, the status does not seem ready for PDAM ballot yet in MPEG, so a second WD will be issued.
A preliminary list of SHVC conformance bitstreams to be prepared has been identified. It is included in an attached spreadsheet.

So far, 7 companies have volunteered to participate in generation of SHVC conformance bitstreams: ETRI, Fraunhofer HHI, Nokia, Qualcomm, Sony, Technicolor, and Vidyo. Additional companies are requested to volunteer.

It is recommended that at this meeting the preliminary list of conformance bitstreams be reviewed and volunteers identified for each bitstream.

The AHG recommended to finalize HEVC v.1 conformance at this meeting and to discuss the further plan of HEVC extensions conformance test.

It was noted that scalable bitstreams cannot be generated until the software is up to date with the final specification, and that will take time. So it may not be until after the next meeting when bitstreams can really begin being collected. In the meantime, there should be planning for what will be done once the software is adequate.

A. Ramasubramonian volunteered to create some "pilot" SHVC conformance bitstreams to begin testing the process of how conformance bitstreams will be collected, formatted, and documented. Having such a process established by the next meeting was agreed as a goal.
JCTVC-R0005 JCT-VC AHG report: Verification test preparation (AHG5) [V. Baroncini (chair), M. Karczewicz, N. Ramzan, C. Rosewarne, K. Sharman, T. K. Tan, J.-M Thiesse]
Presented in plenary 07-08 p.m. (JRO & GJS)

This report summarises the Verification test preparation Ad-Hoc Group (AHG5) between the 17th JCT-VC meeting in Valencia, ES (March-April 2014) and the 18th JCT-VC meeting in Sapporo, JP (June-July 2014).
The e-mail reflector of the AHG5 is the JCT-VC main one (i.e. jct-vc@lists.rwth-aachen.de).  To receive email, please subscribe to the e-mail reflector: http://mailman.rwth-aachen.de/mailman/listinfo/jct-vc. For e-mail exchange, it is recommended to put [AHG5] in the subject line for easy grouping.

Offline email discussion of the following items took place:

· Test conditions for interlaced video content were discussed.  Currently PicAFF enabled, MBAFF enabled and weighted prediction disabled appear the appropriate tool settings for the JM software based anchor generation.

· It was commented that with regards to this document, please also note that picture reordering as well as memory management operations are not supported in combination with MBAFF. This would have implications if you would want to use the low delay modes of the JM software, and likely, if such a mode is desirable, you would have to create a different coding hierarchy mode for this case.

· Two sites were suggested for obtaining interlace material (VQEG and CDVL)

· The raw data of an HEVC v1 interlace subjective test conducted earlier by the 4EVER project was provided to the AHG chairs.

· AHG5 test conditions were suggested as a starting point for the progressive testing, with bit-depth set to 10-bits for all sequences. The requirement for higher resolution material (e.g. UHD) at 10-bit was suggested as a topic for discussion.

· It was suggested that a preliminary subjective evaluation of bitstreams encoded at a variety of QPs be performed in order to select QPs that span a 10-point MOS range.

· SAMVIQ was suggested as an appropriate methodology for performing the subjective test.

· One company volunteered to provide additional 4:2:2 and 4:4:4 progressive test sequences rendered from DPX R’G’B’ BT.709 2160p masters to the required resolution, bit-depth, colour space, frame rate and chroma format, if required.

The AHG report noted contribution JCTVC-R0101.
In the discussion, the most important things to test were suggested as follows:

· 4:4:4 10 bit camera-captured progressive
· 4:2:0 8 bit camera-captured interlace
Other cases may also be nice to have.


JCTVC-R0006 JCT-VC AHG report: Range extensions draft text (AHG6) [J. Sole, D. Flynn, M. Naccari, C. Rosewarne, K. Sharman, G. Sullivan, T. Suzuki (AHG chairs)]

This document reports on the work of the JCT-VC ad hoc group on Range extensions draft text (AHG6) between the 17th JCT-VC meeting in Valencia, ES (March-April 2014) and the 18th JCT-VC meeting in Sapporo, JP (June-July 2014).
The High Efficiency Video Coding (HEVC) Range Extensions test model was developed and finalized following the decisions taken at the 17h JCT-VC meeting in Valencia, ES (March-April 2014).
Nine versions of JCTVC-Q1005 were published by the Editing AhG following the 17th JCT-VC meeting in Valencia, which were based upon JCTVC-L1003_v34 and JCTVC-Q1003_v1. First 7 drafts were based upon JCTVC-L1003_v34. The text was rebased upon Q1003_v1 in the last two versions. The text of JCTVC-Q1005 (revision 9) was submitted to ISO/IEC JTC 1/SC 29 for Final Draft International Standard (not yet issued, pending further guidance).
A detailed description of the topics addressed in the editing work was provided in the report.
The recommendations of the HEVC Range extensions draft text AHG are to:

· Approve the edited JCTVC-Q1005 document as JCT-VC output 

· Encourage the use of the issue tracker (https://hevc.hhi.fraunhofer.de/trac/hevc/) to facilitate the reporting of issues with the text

· Resolve all text issues logged in trac

· Compare the HEVC Range Extensions document with the HEVC Range Extensions software and resolve any discrepancies that may exist, in collaboration with the Range extensions software development (AHG7)

JCTVC-R0007 JCT-VC AHG report: Range extensions software (AHG7) [K. Sharman, D. Flynn (AHG chairs)]

This report summarizes the activities of Ad Hoc Group 7 on support for range extensions between the 17th and 18th JCT-VC meetings.
There was a significant effort to produce the various revisions in a timely manner, given that the screen-content coding model (SCCM) is dependent on the RExt model, which itself is dependent on the upgrades of the main HM model. This resulted in the upgrade of the HM13.0_RExt6.2 software to HM14.0_RExt6.2 on the final day (Friday 4th April) of the Valencia meeting.
On Wednesday 9th April, HM14.0_RExt7.0_rc1 was released.
This was followed two days later (11th April) with HM14.0_RExt7.0_rc2.

This revision was tagged on the SVN HHI repository as HM14.0_RExt7.0; however, on inspection of some of the simulation results, a bug was identified in one of the patches (#1281).
On Thursday 24th April, HM14.0_RExt7.1_rc1 was uploaded to the repository, which eventually became HM14.0_RExt7.1 on Tuesday 29th April.
On the same day, HM14.0_RExt7.2 was released, in which the SCC hooks and the intra block copy tool were removed. The changes between RExt7.1 and RExt7.2 were not merged into the SCCM software branch.
More recently, effort has been made in clearing some minor discrepancies between the text and software, including creating valid profile constraint flag combinations in the encoder, and providing an alternative method of specifying the RExt profile from the command line.
The items reported as currently outstanding were:

· Q0256: Segmented rectangular frame packing arrangement SEI

· Increase flexibility for the time code SEI message
· Macro removal

Recommendations were to:

· Update encoder and documentation to be consistent with the current usage.

· Continue to identify bugs and discrepancies with text, and address them.

· Test reference software more extensively.
An accompanying Excel sheet included a comparison of coding performance between software versions.
JCTVC-R0008 JCT-VC AHG report: Screen content coding (AHG8)
This report summarizes the activities of the JCT-VC ad hoc group on screen content coding (AHG8) between the JCT-VC 17th meeting in Valencia, ES, and the 18th meeting in Sapporo, Japan.

Many email messages were posted during the early weeks of this interim period, discussing issues related to total PSNR calculation in the case when some frames in a sequence are encoded without any loss. Following the suggestions, we have added MSE-based PSNR values in the test results reporting template, and suggested to the SCM coordinators that the PSNR values for lossless coded frames should be resolution and bit-depth dependent, as suggested in JCTVC-Q0053.
Based on the comments, suggestions, and agreements through email discussions, and in collaboration with the SCM and SCCE coordinators, the following content was included in JCTVC-Q1015:

“To facilitate the evaluation of the test results, sequence MSE results and MSE-based PSNR values are added to the test results reporting templates. Therefore, the following settings must be applied to the encoder: 

· MSEBasedSequencePSNR=1

· PrintFrameMSE=1

· PrintSequenceMSE=1 (Note: this setting has to be entered at the command line for the SCM-1.0 software, as it is not included in the encoder configuration files mentioned above.)”
The rest of JCTVC-Q1015 is basically the same as the test conditions for the CfP. Below is a summary of coding modes, configurations, encoding formats and QP values:
	Coding modes:


	Lossy

Mathematically lossless

	Configurations:


	All intra (AI)

Random access (RA)

Low-delay B (LB)

	Encoding formats:
	R’G’B’ 4:4:4

Y’CbCr 4:4:4

	QP values:
	Lossy: 22, 27, 32, 37

Lossless: 0


Most effort has been focused on the 5 technical areas that are under testing in SCCE1 to 5. SCCE coordinators did good job to keep CE participants well informed with the test plan, and most CE participants have made their deliverables on schedule. 

The contributions that are related to the general subject of screen content coding were listed and categorized in the report.

JCTVC-R0009 JCT-VC AHG report: High-level syntax for HEVC extensions (AHG9) [J. Boyce, M. M. Hannuksela (co-chairs), Y. Chen, S. Deshpande, J. Samuelsson, G. Tech, Y.-K. Wang, P. Wu]

This report summarizes the activities of the ad-hoc group of high-level syntax for HEVC extensions (AHG9) between the 17th JCT-VC meeting and the 18th JCT-VC meeting.

Contribution JCTVC-R0049 was particularly noted. It proposes allowing a VPS with a non-zero nuh_layer_id to be delivered to the decoder in addition to a "base" VPS with nuh_layer_id equal to 0, both with the same vps_video_parameter_set_id value. The VPS with a non-zero nuh_layer_id is required to be a semantic superset of the base VPS and may for example include information about additional layers. The VPS with the highest nuh_layer_id value among the VPSs with the same vps_video_parameter_set_id value is activated.

No other coordinated AHG activity took place, and no other emails were exchanged over the JCT-VC reflector. 

There are about 40 input contributions on the topic areas of AHG9.
JCTVC-R0010 JCT-VC AHG report: Layered coding constraint specifications and capability indications (AHG10) [G. J. Sullivan (coordinator)]

This document reports on the work of the JCT-VC and JCT-3V ad hoc group on layered coding constraint specifications and capability indications, including a report of the teleconferences held and the progress made during the interim period since the preceding JCT-VC and JCT-3V meetings. (The reader of this report is assumed to be familiar with various jargon and abbreviations used in JCT-VC and JCT-3V; recent meeting reports and the draft specification text for HEVC and its SHVC and MV-HEVC extensions can be consulted for definitions of terms.)

The AHG held 9 teleconferences of 2.5–3.5 hours duration each, with substantial discussions of the issues. Approximately 10–20 people participated in each call – each of which was announced with at least 7 days of advance notice. The calls were held at different times of day to ensure reasonable opportunities for participation from different time zones (with the last few calls held during the mornings in the U.S. West Coast time zone by unanimous agreement, as this was a convenient time for all participants).

The AHG reached agreement on a number of conclusions and recommendations.
The AHG concluded the following, according to its understanding:

· That decoder conformance requirements (versus bitstream conformance requirements) had not been specified in the current draft and should be added by the editors. Also, the profile_idc values had not been assigned and should be added. Our understanding of the intent is that Scalable Main and Stereo Main decoders should be capable of decoding Main profile bitstreams (at least when the base layer is not provided by external means). Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Ed.): Confirmed (and Scalable Main 10 should decode Main 10).
· Regarding the handling of auxiliary pictures and target output layers of output layer sets:

· When the target output layers of an output layer set do not include the auxiliary pictures (or any such non-target "unnecessary" layers), the bits of the auxiliary/non-target pictures in the extracted bitstream subset would be counted in the CPB buffer flow, but the decoding of the auxiliary pictures would not be part of the associated decoding process requirements. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Ed.): Confirmed.
· When the target output layers of an output layer set do include the auxiliary pictures, the profile specification for (partitions of) the output layer set would need to include decoding process requirements for decoding those pictures. Unless some way is found to specify the necessary decoding process capabilities (e.g., by a profile definition that includes such capabilities), the specification would need to disallow having target output layers of an output layer set that are auxiliary pictures. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Ed.): Confirmed.
· It appears that layer sets can include any layers, and output_layer_flag[ i ][ j ] can be set without constraints (except for the requirement that each output layer set contain at least one target output layer). This appears to make it possible to have other (auxiliary or non-auxiliary) pictures that are included in an output layer set but are not target output layers of the output layer set and are not in layers that are needed for decoding the target output layers (e.g., an independently coded layer). It was suggested that the profile/tier/level information for such an output layer set should include all the layers in the output layer set in the CPB operation but not include the "unnecessary" layers in its decoding process requirements. In principle, it was suggested to be desirable to support this possibility (esp. for the future extensibility purpose), and suggested that we should conduct further study to ensure that the specification is consistent with this design intent. However, there was no clear agreement that this needed to be supported, pending further study. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Ed.): Confirmed that this should be supported.
· Regarding the case where a base layer is provided by external means, it still seems possible that we may not need a separate profile for the external base layer case, if the specification is drafted appropriately, as the question of whether the base layer is provided within the bitstream or by external means could be a system configuration question rather than a profiling issue. However, this question seemed to remain in need of further consideration. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): This aspect was kept open. Further Discussion in Track A 07-08 a.m. (GJS): Confirmed that no special profile is needed.
· Regarding DPB specification (incl. JCTVC-Q0103 / JCT3V-H0034) level limit constraints related to maximum DPB size, the VPS-level DPB needs to have constraints as well as the SPS level having such constraints (each layer in the TargetDecLayerIdList shall obey profile-specific level limit in A.4.1 d, which applies to sps_max_dec_pic_buffering_minus1[ HighestTid ]). Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Ed.): Confirmed.
The AHG reached agreement on the following recommendations, for which either detailed text changes or editor's notes are included in the attached AHG output text:

· The text should clearly specify the following:

· Values of general_profile_idc for indicating SHVC and MV-HEVC profiles.

· Decoding requirements specification needs to require decoding (an editorial oversight)

· If the capabilities of one profile are "nested" within the capabilities of another profile, decoders should be required to recognize that and decode the bitstream.
Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Ed.): Confirmed. Editors are requested to share general_profile_idc for naturally-nested profiles (e.g., Scalable Main 10 and Scalable Main) as was done in RExt. Monochrome 8 should use the RExt general_profile_idc. Some details of Monochrome 8 are yet to be defined. Define these in a manner consistent with other RExt profiles unless some contribution indicates otherwise. Nesting relationships are to be specified for Main, and Main Still Picture for all three new profiles and for Main 10 for the Scalable Main 10 profile.
· Disallow an auxiliary picture layer to be indicated as a target output layer (unless there is a profile defined that contains the required decoding capability for the auxiliary picture layer) for Scalable Main and Stereo Main profile OLSs (depending on the rewriting process to handle that, as applicable). Further JCT-VC discussion 3rd day (Wed.) p.m. (GJS): It was suggested to require Scalable Main and Stereo Main to decode auxiliary pics if indicated to be a target output layer (unless there is something about the encoding of those auxiliary pics that would violate the capabilities otherwise needed for Scalable Main / Stereo Main). (We need some way to assign a profile ID to auxiliary pictures.) This aspect was initially kept open. Further Discussion in Track A 07-08 a.m. (GJS): Confirmed that INBL decoding and OLS inclusion will be specified.
· Make the PPS syntax HEVCv1 compatible, and enable the syntax of SPS with nuh_layer_id > 0 to be either HEVCv1 compatible or not. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Cleanup): Confirmed.
· Simplify the bitstream rewriting process for independent non-base layers (part of JCTVC-R0042). Further Discussion in Track A 3rd day (Wed.) p.m. (GJS). Further Discussion in Track A 07-08 a.m. (GJS): Decision (Cleanup): Confirmed.
· Specify independent non-base layer decoding for profiles specified in Annex A. For example, the following phrasing could be used "When expressing the capabilities of a decoder for a profile specified in Annex A, the capability of decoding an independent non-base layer should be expressed." Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): This aspect was initally kept open. Further Discussion in Track A 07-08 a.m. (GJS): Decision (Cleanup): Confirmed.
· Allow an SHVC/MV-HEVC bitstream to be considered conforming without containing a base layer (i.e., without containing pictures of layer 0), and indicate such a bitstream using the vps_reserved_one_bit (with the syntax element name and semantics changed). Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): This aspect was initially kept open. Further Discussion in Track A 07-08 a.m. (GJS): Decision (Cleanup): Confirmed.
· Remove the bitstream partition HRD parameters SEI message. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Cleanup): Confirmed.
· Specify signalling for indication of decoder capability as follows: Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): This aspect was initially kept open. See notes for R0043.
· Each output layer set is associated with one or more partitioning schemes, and for each partitioning scheme, one or more bitstream partitions are signalled, and each bitstream partition contains one or more layers.

· Each bitstream partition is associated with a set of profile, tier, and level. Level limits are basically bitstream partition specific.

· A decoder specification conceptually based on a number of single-layer decoder cores without changing the existing hardware cores (but with addition of resampling and firmware changes) expresses its decoding capability by expressing the list of PTLs (profile, tier, and level syntax structures) of the single-layer decoder cores, each of which is suitable for decoding a bitstream partition.

· In the semantics for partition signalling, when the number of partitions in the partitioning scheme of an OLS is greater than 1, the number of layers in each partition is required to be less than or equal to 4 (as a profile or semantics constraint). Decoders should not be required to decode partitions that contain more than 4 layers, and an OLS should not be required to have a PTL (profile, tier, and level syntax structure) that applies to the entire OLS.

· Picture size related constraints and level limits should be established, based on the partitioning.

The following needs for further study or work were identified:

· Whether the bitstream rewriting process is needed, and how to specify/indicate the "plus" capability of HEVCv1 and RExt profiles (where the "plus" capability refers to the decoding capability required for decoding of an independent non-base layer that is not rewritten to be a base layer). Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): At the moment we seem to need the rewriting process specification, as we don't have a clear alternative.
· Whether there is a need to specify resampling capability distinctly as part of profile/tier/level or VPS-level syntax. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): No particular proposal for this aspect.
· Currently, for bitstream partitions, instead of using the different delivery schedules signalled in an hrd_parameters( ) syntax structure as for layer sets in HEVCv1, a combination of delivery schedules from different hrd_parameters( ) syntax structures are used. Should the same way as for layer sets be used for bitstream partitions? Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): R0231 is on this topic. This depended on the larger question above, and was relatively minor. See notes for R0231.
· For the bitstream partition nesting SEI message syntax, would it be desirable to enable more than one OLS index, more than one partitioning scheme index, and perhaps more than one BSP index, which could reduce the number of such SEI messages needed in the bitstream? Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Depends on larger question above, relatively minor. Further Discussion in Track A 07-08 a.m. (GJS): No action taken.
· Wording improvement is needed for item b of the profile specific level limits, to correctly implement the intent to consider output times of pictures in different AUs. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Editor action item: Editors to consider.
· Should the level limits on the number of tiles (or, more precisely, the rate of tiles) be layer specific (i.e. picture based) instead of bitstream partition or OLS specific? (see JCTVC-R0046) Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): An aspect of R0280 is on this topic. Further Discussion in Track A 07-08 a.m. (GJS): Resolved by other actions taken, as each partition for level limits contains only one layer.
· Contribution JCTVC-R0053 / JCT3V-I0029 (On invocation of a correct decoding process for the current picture) should be considered. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): R0053 is on this topic. See notes below for JCTVC-R0053 / JCT3V-I0029.
The following observations and questions were agreed by the AHG to be raised for discussion at JCT-VC / JCT-3V and the parent bodies:

· It is noted that the drafted Scalable Main profile does not support monochrome decoding. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Decision (Cleanup): Remove constraint prohibiting 4:2:0 for alpha and depth and specify the the semantics of associated SEI messages, if not already specified, to refer to the luma component only. Further Discussion in Track A 07-08 a.m. (GJS): True monochrome will not be required to be supported (parent).
· It is also noted that 8-deep layering dependency is present in the current SHVC profile specifications. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): An aspect of R0158 is on this topic. Further Discussion in Track A 07-08 a.m. (GJS): See notes for parent-level joint discussion.
· It is noted that the proposed modified signalling scheme for indication of decoder capability (as described above) differs in a substantial way from the content of the current draft specification. However, no other method had been identified to express decoding capabilities in a way that would support a substantial number of layers together with the intent to enable the construction of decoders from existing single-layer implementations (without a need to restructure the associated low-level computing resources in a fundamentally different way or to grossly-overprovision the resource requirements). The need for this design selection should be checked and confirmed by the parent bodies. Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Same topic noted above. Further Discussion in Track A 07-08 a.m. (GJS): See notes for R0043.
· Should the number of layers supported by a decoder be part of the profile/tier/level specification or can this be something chosen by individual decoder designers versus decoders just being required to decode an unlimited number of layers? For example, should there be a profile that restricts the number of layers to only 2 or 3? Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): An aspect of R0158 is on this topic. Further Discussion in Track A 07-08 a.m. (GJS): See notes for parent-level joint discussion.
· Whether there are some "simple" cases (such as Stereo Main or a case where each layer is a separate partition) in which decoder capabilities can be expressed as a single PTL rather than a "list of PTLs". Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Same topic noted above. Further Discussion in Track A 07-08 a.m. (GJS): See notes for parent-level joint discussion – the "list of PTLs" was confirmed..
· Is it desirable to use general_profile_space equal to 1 for independent non-base layers for profiles specified in Annex A (HEVCv1 and RExt profiles), or is it adequate for this to be handled outside of the profile-tier-level syntax structure (e.g., based only on layer ID and a VPS indication)? Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): R0041 is on this topic. Text was requested for using the last of the "44 reserved bits" for this indicator. The text was provided in a revision of R0041 and reviewed 07-06 p.m. in Track A (GJS). Minor comments included harmonization with RExt, including the flag for sub-layers, requiring the flag to be equal to zero if the associated layer ID is zero and otherwise equal to 1, clarifying the scope of the flag to CLVS scope, having the rewriting process set the flag to 0, and making the value of the flag an exception to the requirement for the PTL in the SPS to match that of the VPS for an INBL. (The question of whether the rewriting process is removed or not is an editorial matter, and it seems that we may retain it for convenience while providing additional informative text.) Further Discussion in Track A 07-08 a.m. (GJS): Decision: Confirmed (modified as suggested above for 07-06 review).
· Should some additional adjustment be made of the syntax of independent non-base layers in regard, e.g., to VPS repetition and handling of end of sequence and end of bitstream NAL units?
Further Discussion in Track A 3rd day (Wed.) p.m. (GJS): Consider allowing VPS presence in independent non-base layer (text preparation requested). Further discussion 07-06 p.m. in Track A (GJS) – check whether other PSs can be repeated in other layers.

· Decision (Cleanup): It was agreed to allow this for all PSs (observing that SPSs in layer 0 must use compatible syntax). Revisit for text review.
· Regarding end of sequence, see notes for R0071.

· Regarding end of bitstream, it was agreed that this should be required to have layer ID equal to 0 (which is what the text already says).

· Regarding AUD, it was agreed that this needs to have the lowest layer ID in the AU (which is what the text already says).

· Decision (Ed.): Regarding ordering of pictures within one AU, it is intended to require the VCL NAL units of the picture to be in the order of increasing layer ID value. (Double-check; hopefully this is already expressed.)
The following contributions registered for the Sapporo meeting were considered by the AHG.

· JCTVC-R0041 / JCT3V-I0023

· JCTVC-R0042 / JCT3V-I0021

· JCTVC-R0043 / JCT3V-I0022

· JCTVC-R0044 / JCT3V-I0024

· JCTVC-R0046 / JCT3V-I0022

· JCTVC-R0052 / JCT3V-I0028

· JCTVC-R0054 / JCT3V-I0030

The following additional contributions were noted to be relevant to the work of the AHG:

· JCTVC-R0053 / JCT3V-I0029 "AHG10 and MV-HEVC/SHVC HLS: On invocation of a correct decoding process for the current picture" [M. M. Hannuksela (Nokia)]

(This only includes contributions submitted up to the time of preparation of the report, which was substantially prior to the meeting.)

In dicussion, a participant asked whether it may be useful to define some sort of “optional” or “best effort” decoding in case of multi-layer concept.

Further discussion of the outcome of this AHG was agreed to be needed during the meeting (with some issues to be raised at the parent body level as noted). See notes for parent-level joint discussions.
JCTVC-R0011 JCT-VC AHG report: SHVC text editing (AHG11) [J. Chen, J. Boyce, Y. Ye, M. Hannuksela, G. J. Sullivan, Y.-K. Wang (AHG chairs)]

This document reports the work of the JCT-VC ad hoc group on SHVC text editing (AHG11) between the 17th JCT-VC meeting in Valencia, Spain, (27 March – 4 April 2014) and 18th JCT-VC meeting in Sapporo, Japan, (30 June – 9 July 2014).
The editorial team worked on two documents: JCTVC-Q1007 (SHVC Test Model 6 text) [1] and JCTVC-Q1008 (SHVC draft 6) [2]. Editing JCTVC-Q1008 was assigned a higher priority than editing JCTVC-Q1007.

One version of JCTVC-Q1007 and five versions of JCTVC-Q1008 were published by the editing AHG following the 17th JCT-VC meeting in Valencia.

The main changes in JCTVC-Q1008, relative to the previous JCTVC-P1008 (SHVC Draft 5), are:

· Incorporation of all common SHVC and MV-HEVC HLS normative adoptions at the 17th JCTVC meeting.

· Integration of all SHVC-specific normative adoptions at the 17th JCTVC meeting.

· Integration of five single layer SEI messages, including three SEI messages deferred from Rext specification.

· Fixes of bug tracker tickets, editorial improvements and fixes.

JCTVC-Q1007 Test Model 6 document mainly contains the general descriptions of SHVC framework, texture data resampling process, motion field mapping process and colour mapping process. The main change to the previous JCTVC-P1007 (SHM5) is the inclusion of a description of the colour mapping process for colour gamut scalability.

Issues reported included:

· Specification for colour gamut scalability: Colour gamut scalability based on 3D Look-Up-Table (LUT) mapping process was adopted at the Valencia meeting, and it was decided to limit the table size up to 8x2x2. In the current specificaton (and the accompanying SHM software), a syntax element, named 'cm_octant_depth', is used to control the table size. This syntax element shall be less than or equal to 1 to limit the table size to 8x2x2 at most, so that 1 bit is enough for it. However, at this moment, the SHVC specification (and the accompanying SHM software) was drafted in a way that the syntax element cm_octant_depth is 2 bits long and the value is restricted to be 0 and 1. The AHG11 had received concern about the text as well as the accompanying software. It was asserted that the text specification was drafted more general than what’s adopted since the decoding process supports the prohibited value of the syntax. And it has been asserted that this excess generality makes the text and the software more complicated than the case of 1 bit syntax representation. The editors suggest the JCTVC discuss on whether to keep the 2 bits representation of the syntax element 'cm_octant_depth' and the decoding process of the prohibited value. The contribution JCTVC-R0179 is related to this issue. See notes regarding R0179.
· Specification for chroma resampling hint SEI message: It is asserted that the information delivered by the syntax element 'minimum_degradation_flag' can be identified from filter coefficient values at the decoder. The editors and original proponent suggest the JCTVC discuss the necessity of this flag at Sapporo meeting and consider removal of this flag from SHVC draft. Decision: Remove the flag.
The AHG recommended to:

· Use SHVC bug-tracker (https://hevc.hhi.fraunhofer.de/trac/shvc) to report issues related to SHVC Draft and Test Model text.

· Compare the SHVC documents with the SHVC software and resolve any discrepancies that may exist, in collaboration with the SHVC Software AHG.

· Continue to improve the overall editorial quality of the SHVC Draft and Test Model documents.

· Request that proponents provide mature text for integration into the SHVC draft.

· To go through all editor’s notes and identify those that need the JCT-VC to discuss whether technical changes are needed to for them to be addressed. Revisit. Further discussion 07-06 p.m. in Track A (GJS) – Establish BoG (chaired by YKW).
JCTVC-R0012 JCT-VC AHG report: SHVC software development (AHG12) [V. Seregin, Y. He (AHG chairs)]

This report summarizes activities of the AHG12 on SHVC software development between 17th and 18th JCT-VC meetings.
The current latest software version is SHM-6.1 contains almost all the items adopted last meeting, however some work is still needed on

· POC derivation related to JCTVC-P0056 and layer-specific prediction structures JCTVC-Q0108.

In addition, the following items remained to be integrated:

· JCTVC-Q0154: on picture flushing and DPB parameters

· AHG15: vps_base_layer_internal_flag

SHM software can be downloaded at https://hevc.hhi.fraunhofer.de/svn/svn_SHVCSoftware/tags/

The software issues can be reported using bug tracker https://hevc.hhi.fraunhofer.de/trac/shvc

Two software versions had been released by AHG12, integration details and performance summary are given in the next subsections. In the document, only HEVC base layer results are provided and AVC base layer data can be found in the accompanying excel tables. Performance results are consistent with the adopted techniques.
Software version SHM6.0 based on HM14 was released within a couple of weeks after the previous meeting.

In SHM-6.0, a functionality of having layer-specific CTB structure was implemented with macro LAYER_CTB, it allows using different CTB settings across layers. This functionality is in experimental stage and the macro is disabled by default.
A listed set of additional items had been integrated on top of SHM6.0.

The following development plan and recommendations were made:

· Continue to develop reference software based on SHM-6.1 and improve its quality. 

· Resolve identified software and working draft mismatches.

· Remove input of motion field metadata for non-HEVC base layer. It was used for CE experimentation in the beginning of SHVC development.

It was remarked that the SHVC CTC does not include colour gamut mapping. Decision (CTC): It was agreed to add these as optional tests in the CTC.
JCTVC-R0013 JCT-VC AHG report: SHVC inter-layer re-sampling process (AHG13) [E. Alshina, J. Chen, P. Topiwala, T. Yamamoto, Y. Ye (AHG coordinators)]
This document reports on the work of the JCT-VC AHG on SHVC inter-layer re-sampling process (AHG13) between the 17th JCT-VC meeting in Valencia, Spain, (27 March – 4 April 2014) and 18th JCT-VC meeting in Sapporo, Japan, (30 June – 9 July 2014), and lists the related input documents. Four teleconferences (about 2 hours each) were conducted between the 17th and the 18th JCT-VC meetings.
Draft text was proposed by the AHG. This includes consideration of the following:

· Current draft text explicitly uses reference layer conformance window parameters during re-sampling process. But actual reference picture size might be different from conformance window (for example, if region of interest extraction is considered) or conformance window information can un- available (if non-HEVC reference layer is used). It is recommended to replace conformance window parameters in re-sampling process by reference layer offsets as was proposed several times before [JCTVC-P0049, JCTVC-Q0159].

· Current draft text derives phases and delta parameters for re-sampling process from system of 3 flags [JCTVC-P0312, JCTVC-Q0120] allowing more freedom in vertical re-sampling process variants rather than horizontal. In order to make phase adjustment more generic it is recommended to combine phase and delta parameters (since they never used separately) and signal them in a bitstream for Luma and Chroma both for vertical and horizontal resampling process [JCTVC-Q0203]. The suggested change replaces the "system of 3 flags" in the specification.

· In current draft text parameters used in resampling process are signalled in VPS, SPS and slice header. Signaling of all related parameters in PPS (as was suggested in [JCTVC-Q0107, JCTVC-Q0168, JCTVC-Q0254]) was agreed to be cleaner. At the same time PPS signalling allows enough freedom for resampling parameters adaptation.

· It was mentioned that non-4:2:0 colour format support is a desirable feature. Even if SHVC is supposed to support only 4:2:0 colour formats, the specification text should not contain any restriction preventing easy extension of the spec for non 4:2:0 color format support during future standards development. In the discussion, it seemed that this was mostly an editorial matter and should not be difficult to describe (and that the extra generality seemed desirable, including having different chroma formats in base and enhancement layers). However, it was suggested that some technical adjustment may be needed for CGS with a 4:2:2 base layer. Decision (Ed.): It was agreed to use the same scheme for handling 4:2:2 as what was done for 4:2:0.
Several issues reportedly still remained unclear. These were outlined as follows, with discussion and actions recorded from further Track A discussion on Tues 1st a.m. (GJS).
· In "Picture parameter set RBSP semantics" the ranges for scaled reference layer offsets, reference layer offsets and resampling phases need to be specified. In the initial discussion, it seemed appropriate to specify that upper bound of left (top) offset plus right (bottom) offset must be less than the picture width (height), in BL and EL, respectively. Also limit the se(v) range to −2^31 to 2^31−2 (actually based on the maximum length of the se(v) codeword).

In the initial discussion, it seemed appropriate to specify the Phase range for luma from 0 to 31 (5 bit FLC) and for chroma −16 to 47 (offset by 16 and use 6-bit FLC). (Also a default resampling relationship if the phase data is not present for a reference layer, as is already in the AHG recommended text.)
· In "Derivation process for inter-layer reference pictures" the derivation for unequalPictureSizeFlag may need to be adjusted in order to skip re-sampling process when not needed. In the initial discussion, it seemed appropriate to allow a phase-only adjustment between the RL and EL (with spatial ratio equal to 1), but count this as a resampling operation.
· The value of resampling offset may need to be restricted to be zero for non-spatial scalability, i.e. when spatial ratio is equal to 1 so that the results of direct copy and using interpoation process are identical. This is resolved by the action noted above.
· Clipping in "Resampling process of luma sample values" and "Luma interpolation process" put the restriction that pixels on a reference layer picture accessed in those processes are restricted within "the reference layer offset window extended with filter-tap length". Need to discuss and determine if this is reasonable restriction. See notes on R0220 regarding this.
· Current syntax signal 1) scaled reference layer offsets, 2) reference layer offsets, and 3) resample phases in independent loops. In two layers case, it could result in signaling the same 6 bit layer id syntax three times. It is suggested to discuss whether we should keep this design or signalling the parameters associated with the same reference layer in one loop. See notes on R0220 regarding this.
Related contributions were identified as R0209 (providing explanation of the recommendation of the AHG), R0220 (regarding the fourth and fifth topics in the above list and one additional aspect), and R0312 (a cross-check).
Also, in the discussion, it was remarked that Q0122 had proposed a drift reduction for position calculation (similar to what was done in SVC) and suggested that the modification for this would be small and that this should be further discussed.

A BoG R0340 (E. Alshina) was asked to consider the remaining issues and check the recorded actions.
JCTVC-R0014 JCT-VC AHG report: Colour gamut and bit depth scalability (AHG14) [P. Andrivon, A. Duenas (AHG co-chairs), C. Auyeung, E. Alshina, S. Deshpande, X. Li, K. Ugur, Y. Ye (AHG vice-chairs)]

Reviewed in Track A (GJS) 2nd day (Tue) p.m.

This report summarizes the activities of the ad-hoc group of color gamut and bit depth scalability (AHG14) between the 17th JCT-VC meeting and the 18th JCT-VC meeting.
There were very limited activity (cross-check, volunteering…) related to the SCE1 over the SCE1 participants mailing list.
On the 27th of June 2014, there were 15 contributions related to colour gamut and bit-depth scalability.

Two contributions are primary SCE1 proposals (JCTVC-R0239 and JCTVC-R0163). There were 8 non-SCE1 contributions (propositions or bugfixes) mainly built on top of SHM-6. SCE1 report is document JCTVC-R0021.

The AhG recommended to:

· Review all documents related to colour gamut and bit-depth scalability.

· Analyze SCE1 related contributions.

JCTVC-R0015 JCT-VC AHG report: SCC extensions test model text editing (AHG15) [J. Xu, R.Joshi (AHG co-chairs), R. Cohen, S. Liu, Z. Ma, Y. Ye (AHG vice-chairs)]

This document reports the work of the JCT-VC ad hoc group on SCC extensions test model text editing (AHG15) between the 17th JCT-VC meeting in Valencia, (27th March to 4th April, 2014) and the 18th meeting in Sapporo (30th June to 9th July, 2014).
The first version of the screen content coding test model (SCM 1) document JCTVC-Q1014 was released on 28th April, 2014.

The AHG recommended to:

· Approve the JCTVC-Q1014 as the JCT-VC output document

· Establish an SCC working draft 1 soon (e.g., now)
· Continue to improve and refine the SCC test model document and resolve any discrepancies that may exist, in collaboration with the SCC extensions software development AHG
JCTVC-R0016 JCT-VC AHG report: Test sequence material (AHG16) [T. Suzuki, R. Choen, T. K. Tan, S. Wenger]
Test sequences are available on ftp://hevc@ftp.tnt.uni-hannover.de/testsequences/ (please contact the JCT-VC chairs for login information).
Available test sequences were listed in the AHG report. The common conditions description for screen content coding was updated (removing one sequence and reducing the duration of another).
JCTVC-R0017 JCT-VC AHG report: SCC extensions software development (AHG17) [K. Rapaka, B. Li (AHG co-chairs), R. Cohen, T.-D. Chuang, X. Xiu (AHG vice-chairs)]

This report summarizes the activities of Ad Hoc Group 17 on screen content extensions software (SCM) development that have taken place between the 17th and 18th JCT-VC meetings. These activities included porting all the changes adopted as the starting point for SCM at the 17th JCT-VC meeting and updating configuration setting as per JCTVC-Q1015. As a result, primary software for screen content extensions development is now available.
Multiple versions of the HM SCM software were produced and announced on the JCT-VC email reflector.
HM14.0_RExt7.0_SCM1.0 was tagged on the SVN HHI repository on April 25th. This release includes:

· All the changes adopted at the 17th JCT-VC meeting integrated over HM14.0_RExt7.0 as the starting point of screen content extension software.

· The configurations files were aligned with JCTVC-Q1015.

· The bug fix for HM RExt ticket#1281.

The release was announced on the email reflector. The software can be downloaded at 

https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-14.0+RExt-7.0+SCM-1.0/

The performance of this version against HM14.0_RExt7.0 (without IBC) was described according to the common test conditions in Q1015. It is reported that this version provides BD-rate reduction of 60.4%, 47.3% and 41.7 % for RGB 1080p text and graphics category in AI/RA/LB configurations respectively and BD-rate reduction of 58.7%, 46.3% and 40.6 % for YUV 1080p text and graphics category in AI/RA/LB configuration, respectively. The tables below summarize BD-rate reduction for lossy and lossless configuration respectively.
BD-rate reduction for lossy coding configuration

	
	All Intra 

	
	Y
	U
	V

	RGB, text & graphics with motion, 1080p
	-60.4%
	-60.6%
	-60.5%

	RGB, text & graphics with motion,720p
	-36.2%
	-36.4%
	-36.3%

	RGB, mixed content, 1440p
	-33.5%
	-33.9%
	-33.8%

	RGB, mixed content, 1080p
	-45.0%
	-45.5%
	-45.1%

	RGB, Animation, 720p
	-1.3%
	-1.5%
	-1.5%

	RGB, camera captured, 1080p
	-0.5%
	-0.5%
	-0.6%

	YUV, text & graphics with motion, 1080p
	-58.7%
	-59.0%
	-58.9%

	YUV, text & graphics with motion,720p
	-35.4%
	-35.9%
	-36.0%

	YUV, mixed content, 1440p
	-33.4%
	-34.7%
	-34.7%

	YUV, mixed content, 1080p
	-44.8%
	-46.1%
	-45.5%

	YUV, Animation, 720p
	-1.4%
	-2.0%
	-1.7%

	YUV, camera captured, 1080p
	-0.1%
	-0.3%
	-0.3%

	Enc Time[%]
	186%

	Dec Time[%]
	77%

	
	
	
	

	
	Random Access 

	
	Y
	U
	V

	RGB, text & graphics with motion, 1080p
	-47.3%
	-47.0%
	-46.9%

	RGB, text & graphics with motion,720p
	-29.0%
	-29.2%
	-29.3%

	RGB, mixed content, 1440p
	-21.9%
	-22.7%
	-22.6%

	RGB, mixed content, 1080p
	-38.5%
	-39.2%
	-39.0%

	RGB, Animation, 720p
	-0.6%
	-0.9%
	-0.8%

	RGB, camera captured, 1080p
	-0.1%
	-0.1%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-46.3%
	-46.1%
	-46.1%

	YUV, text & graphics with motion,720p
	-29.2%
	-30.0%
	-30.4%

	YUV, mixed content, 1440p
	-23.9%
	-26.2%
	-26.2%

	YUV, mixed content, 1080p
	-40.3%
	-41.7%
	-41.6%

	YUV, Animation, 720p
	-0.5%
	-1.3%
	-1.5%

	YUV, camera captured, 1080p
	0.2%
	-0.3%
	-0.4%

	Enc Time[%]
	87%

	Dec Time[%]
	97%

	
	
	
	

	
	Low delay B 

	
	Y
	U
	V

	RGB, text & graphics with motion, 1080p
	-41.7%
	-41.1%
	-41.0%

	RGB, text & graphics with motion,720p
	-24.8%
	-24.2%
	-24.3%

	RGB, mixed content, 1440p
	-12.4%
	-12.8%
	-12.8%

	RGB, mixed content, 1080p
	-25.4%
	-25.3%
	-24.8%

	RGB, Animation, 720p
	-0.2%
	-0.4%
	-0.3%

	RGB, camera captured, 1080p
	0.1%
	0.0%
	0.1%

	YUV, text & graphics with motion, 1080p
	-40.6%
	-40.2%
	-40.2%

	YUV, text & graphics with motion,720p
	-24.4%
	-24.5%
	-24.6%

	YUV, mixed content, 1440p
	-13.3%
	-15.3%
	-15.3%

	YUV, mixed content, 1080p
	-28.1%
	-27.8%
	-28.5%

	YUV, Animation, 720p
	0.0%
	-0.5%
	-0.2%

	YUV, camera captured, 1080p
	0.2%
	-0.2%
	0.0%

	Enc Time[%]
	103%

	Dec Time[%]
	87%


BD-rate reduction for lossy coding configuration

	 
	AI

	 
	Bit-rate saving (Total)
	Bit-rate saving (Average)
	Bit-rate saving (Min)
	Bit-rate saving (Max)

	 
	
	
	
	

	RGB, text & graphics with motion, 1080p
	55.6%
	52.7%
	44.7%
	66.9%

	RGB, text & graphics with motion,720p
	20.1%
	23.2%
	2.6%
	53.9%

	RGB, mixed content, 1440p
	18.1%
	18.4%
	17.3%
	19.4%

	RGB, mixed content, 1080p
	20.8%
	20.8%
	20.8%
	20.8%

	RGB, Animation, 720p
	0.2%
	0.2%
	0.2%
	0.2%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	56.0%
	52.9%
	45.4%
	67.4%

	YUV, text & graphics with motion,720p
	20.9%
	24.0%
	2.7%
	58.2%

	YUV, mixed content, 1440p
	18.9%
	19.1%
	17.4%
	20.8%

	YUV, mixed content, 1080p
	22.8%
	22.8%
	22.8%
	22.8%

	YUV, Animation, 720p
	0.2%
	0.2%
	0.2%
	0.2%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	217%

	Dec Time[%]
	85%

	
	
	
	
	

	 
	RA

	 
	Bit-rate saving (Total)
	Bit-rate saving (Average)
	Bit-rate saving (Min)
	Bit-rate saving (Max)

	 
	
	
	
	

	RGB, text & graphics with motion, 1080p
	38.5%
	45.7%
	33.2%
	66.6%

	RGB, text & graphics with motion,720p
	6.2%
	17.5%
	2.1%
	57.0%

	RGB, mixed content, 1440p
	4.5%
	4.5%
	1.9%
	7.2%

	RGB, mixed content, 1080p
	6.0%
	6.0%
	6.0%
	6.0%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	37.5%
	45.6%
	34.1%
	67.0%

	YUV, text & graphics with motion,720p
	6.4%
	18.4%
	2.2%
	61.3%

	YUV, mixed content, 1440p
	4.6%
	4.8%
	2.1%
	7.4%

	YUV, mixed content, 1080p
	6.9%
	6.9%
	6.9%
	6.9%

	YUV, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	130%

	Dec Time[%]
	94%

	
	
	
	
	

	
	
	
	
	

	 
	LB

	 
	Bit-rate saving (Total)
	Bit-rate saving (Average)
	Bit-rate saving (Min)
	Bit-rate saving (Max)

	 
	
	
	
	

	RGB, text & graphics with motion, 1080p
	37.5%
	43.8%
	30.2%
	63.6%

	RGB, text & graphics with motion,720p
	4.4%
	15.9%
	1.4%
	54.3%

	RGB, mixed content, 1440p
	3.0%
	3.0%
	0.5%
	5.5%

	RGB, mixed content, 1080p
	3.2%
	3.2%
	3.2%
	3.2%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	35.6%
	43.5%
	31.2%
	63.9%

	YUV, text & graphics with motion,720p
	4.4%
	17.0%
	1.4%
	59.8%

	YUV, mixed content, 1440p
	3.0%
	3.2%
	0.5%
	5.8%

	YUV, mixed content, 1080p
	3.9%
	3.9%
	3.9%
	3.9%

	YUV, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	142%

	Dec Time[%]
	95%


HM14.0_RExt7.1_SCM1.1 was tagged on the SVN HHI repository on June 26th. This release includes:

· SCM source base updated to HM14.0_RExt7.1.

· Removal of macro related to bug fix for ticket #1281.

· Bug fixes and clean-ups:

· Remove redundant inter search points in selective search method.

· Build issue under XCode development environment.

· Memory leak issue in HM SCC ticket #1297.

HM14.0_RExt7.2_SCM1.1 was also tagged on the SVN HHI repository on June 26th that updates SCM source to HM14.0_RExt7.2.

The coding performance of HM14.0_RExt7.1_SCM1.1 and HM14.0_RExt7.2_SCM1.1 did not change compared to HM14.0_RExt7.0_SCM1.0.

The releases were announced on the email reflector. The software can be downloaded at 

https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-14.0+RExt-7.1+SCM-1.1/

https://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-14.0+RExt-7.2+SCM-1.1/

The JCT-VC issue tracker at https://hevc.hhi.fraunhofer.de/trac/hevc/ has been updated to allow bug reports to be entered for SCM, currently under milestone HM+SCC-2.0, version SCC-1.0 (RExt-7.0).

Recommendations

· Continue to develop reference software based on HM14.0_RExt7.2_SCM1.1 and improve its quality.

· Remove macros introduced in previous versions before starting integration towards SCM-2.0 such as to make the software more readable.

3 Project development, status, and guidance (XX)
3.1 Communication to and by parent bodies (0)
See section 8.1.
3.2 Conformance test set development (0)
In joint discussion on 07-05, it was noted that many features are similar for SHVC and MV-HEVC, and that it would be desirable to test the same features in both cases. This could help ease the effort and increase the coverage of testing for conformance test set development for the two sets of extensions.
3.3 Version 1 and RExt bug reports and cleanup (0)
3.4 HEVC coding performance, implementation demonstrations and design analysis (1)
3.4.1 RExt performance/verification test (0)
3.4.2 Still picture coding (0)

3.4.3 SHVC performance and design aspects (0)
3.4.4 SCC performance and design aspects (1)

JCTVC-R0101 Comparison of Compression Performance of HEVC Range Extensions Draft 7 and HEVC Screen Coding Extensions Draft 1 with AVC High 4:4:4 Predictive profile [B. Li, J. Xu, G. J. Sullivan (Microsoft)]

TBP.
This contribution is a study of the relative objective (i.e. PSNR-based) compression performance of HEVC RExt Main 4:4:4 12 Test Model 7 (using 8, 10, and 12 bit configurations), HEVC SCC Test Model 1 (SCM 1) and AVC High 4:4:4 Predictive Profile. It builds upon the prior work reported in JCTVC-G399, JCTVC-H0360, JCTVC-I0409, JCTVC-J0236, JCTVC-K0279, JCTVC-L0322, JCTVC-M0329, JCTVC-O0184, and JCTVC-P0213 – updating the results by using the latest available reference software (JM-18.6, HM-14.0+RExt-7.0, HM-14.0+RExt-7.0+SCM-1.0), profile and test model designs, and the RExt and SCC test sequences. The overall results indicate that for RExt CTC sequences, RExt Main 4:4:4 12 Profile saves 25%, 33%, and 38% bit rate for AI-MT, RA-MT and LB-MT relative to AVC High 4:4:4 Predictive Profile. For SCC CTC sequences, RExt Main 4:4:4 12 Profile provides an even larger benefit. The overall results also indicate that for screen content sequences, the HEVC SCC Test Model also improves quite substantially over RExt Main 4:4:4 12 Profile encoding. For example, for RGB text and graphics with motion (TGM) 1080p sequences, the HEVC SCC Test Model saves 60%, 47%, and 42% bits for AI, RA and LB lossy coding over RExt Main 4:4:4 12 Profile. Relative to what was reported most recently in JCTVC-O0184, the bit rate savings for RExt sequences is larger, mainly because of the use of cross-component prediction (CCP) in the RExt Main 4:4:4 12 Profile.
3.5 Profile and level definitions (requirements related) (2)
3.5.1 General (0)

3.5.2 RExt profiles and levels (1)
JCTVC-R0128 High 4:4:4 16 Intra profile specification [K. Sharman, N. Saunders, J. Gamei (Sony)]

See notes on joint discussion in section 8.2.
3.5.3 SHVC profiles and levels (2)
JCTVC-R0158 Modifications to Scalable Main profile and general and profile-specific level limits [J. Boyce (Vidyo)]

TBP. Qq
JCTVC-R0352 Proposed Profile, Tier, Level Conformance for SHVC [J. Boyce (Vidyo), Y.-K. Wang (Qualcomm), M. M. Hannuksela (Nokia)] [late] 

TBP. Qq

3.6 HEVC, SHVC and RExt use cases (requirements related) (0)
To be dealt with at parent level – outside the scope of current JCT-VC work. Not reviewed.

3.7 Source video test material (2)
JCTVC-R0214 Video sequence conversion tools [C. Fogg (MovieLabs)]

JCTVC-R0216 Compression performance of StEM content [C. Fogg (MovieLabs)] [miss]

4 Core experiment in SHVC (8)
4.1 SCE1: Colour gamut and bit depth scalability (8)
4.1.1 SCE1 summary and general discussion (1)
JCTVC-R0021 SCE1: Summary Report on Color Gamut Scalability [A. Duenas, P. Andrivon, Y. Ye, E. Alshina, X. Li, K. Ugur, S-H. Kim (CE coordinators)]
Reviewed in Track A (GJS) on 2nd day (Tue) p.m.

This document summarizes the activities and test results performed in SCE1 on Colour Gamut and Bit Depth Scalability. The evaluated tools and the test conditions are defined in document JCTVC-Q1101.
Section 1 of the CE considered encoder-only modifications for use of weighted prediction, as alternatives to the table-driven colour gamut mapping function. It contained the following sub-experiments:

1.1
1 ILP in both reference lists, 2 classes of samples in WP parameters selection

1.2
2 ILPs in both reference lists, 4 classes of samples of samples in WP parameters selection

1.3
4 ILPs in both reference lists, 8 classes of samples of samples in WP parameters selection

1.4
8 ILPs in both reference lists, 16 classes of samples of samples in WP parameters selection

The results of section 1 tests continue to show a substantial benefit for the CGS mapping function, roughly on the order previously identified (perhaps 1% less when a fancier alternative was tried).

It was remarked that fancy WP usage could also potentially be applied with the CGS function (as currently specified), potentially providing that 1% on top of the tested CGS case.

So the basic conclusion seems to be that the presence of the CGS mapping function continues to appear justified.

Section 2 of the CE considered a claimed complexity reduction for the colour gamut mapping function (with the same table size, but different equations).

Some coding efficiency benefit was shown for the proposed alternative to the current CGS mapping function as tested in section 2 of the CE (2x AI 0.6%, 2x RA 0.2%, 1x AI 0.7%, 1x RA 0.5%).

There are also some non-CE contributions related to section 2 of the CE.

See notes in section 6.1.1.
4.1.2 SCE1 primary contributions (2)
JCTVC-R0163 SCE1: Test 5.2 results on color gamut scalability by matrix mapping [C. Auyeung (Sony), K. Misra, S. H. Kim, A. Segall (Sharp Lab)]

JCTVC-R0239 SCE1: Test 5.1 results on improved weighted prediction for color gamut scalability [D. Bugdayci, A. Aminlou, K. Ugur, M. M. Hannuksela (Nokia)]

4.1.3 SCE1 cross checks (5)
JCTVC-R0077 Cross-checking SCE1 - Test 5.1.4 [P. Bordes (Technicolor)]

JCTVC-R0148 SCE1: Crosscheck report of SCE 1 Test 1.1 [X. Li (Qualcomm)] [late]

JCTVC-R0149 SCE1: Crosscheck report of SCE 1 Test 2.1 [X. Li (Qualcomm)] [late]

JCTVC-R0173 SCE1: crosscheck report of SCE1 test 1.1 [Y. He, Y. Ye (InterDigital)]

JCTVC-R0206 SCE1: Cross-check of Test-5.1.2 (4ILR) [C. Auyeung (Sony)]

5 Core experiments in SCC (XX)
5.1 SCCE1: Intra block copy (31)
5.1.1 SCCE1 summary and general discussion (1)
(chaired by JRO, 07-01 morning/afternoon)
JCTVC-R0031 Summary report of HEVC Screen Content Coding Core Experiment 1 (SCCE1): Intra Block Copying Extensions [J. Sole, S. Liu (CE coordinators)]

Test A: IBC Search Area
Tested several search areas (JCTVC-R0141, JCTVC-R0184):

· 2 CTUs (left and current)

· 3 CTUs (current CTU + 2 left CTU)

· 4 CTUs (current CTU + 3 left CTU)

· 4 CTUs (current CTU + 3 left CTU) + 4 rows above

· Surrounding the current CTU:  2×3 CTUs

· Surrounding the current CTU:  3×5 CTUs

· Full frame for intra frames and local search (2 CTUs) for inter frames

· Full frame (anchor)

BD-rates with respect to full-frame search.
	 
	All Intra

	 
	2C
	3C
	4C
	4C+4
	2x3C
	3x5C
	FuII+2C
	Full

	RGB, text & graphics with motion, 1080p
	34.7%
	25.5%
	21.3%
	19.2%
	20.1%
	11.4%
	0.0%
	0.0%

	RGB, text & graphics with motion,720p
	22.6%
	15.8%
	12.9%
	12.0%
	14.2%
	8.1%
	0.0%
	0.0%

	RGB, mixed content, 1440p
	15.1%
	11.7%
	10.2%
	9.4%
	8.6%
	5.2%
	0.0%
	0.0%

	RGB, mixed content, 1080p
	20.3%
	17.0%
	15.9%
	14.5%
	10.5%
	4.7%
	0.0%
	0.0%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	35.2%
	25.9%
	21.7%
	19.6%
	20.5%
	11.5%
	0.0%
	0.0%

	YUV, text & graphics with motion,720p
	22.4%
	15.7%
	12.9%
	12.0%
	14.1%
	8.1%
	0.0%
	0.0%

	YUV, mixed content, 1440p
	16.5%
	12.9%
	11.3%
	10.3%
	9.3%
	5.5%
	0.0%
	0.0%

	YUV, mixed content, 1080p
	21.8%
	18.4%
	17.3%
	15.9%
	11.3%
	5.1%
	0.0%
	0.0%

	YUV, Animation, 720p
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	 

	Enc Time[%]
	92%
	109%
	134%
	123%
	95%
	96%
	103%
	100%

	Dec Time[%]
	105%
	106%
	112%
	101%
	104%
	103%
	103%
	100%

	
	
	
	
	
	
	
	
	

	 
	Random Access

	 
	2C
	3C
	4C
	4C+4
	2x3C
	3x5C
	FuII+2C
	Full

	RGB, text & graphics with motion, 1080p
	17.5%
	12.9%
	10.7%
	9.8%
	10.5%
	6.0%
	7.7%
	0.0%

	RGB, text & graphics with motion,720p
	15.2%
	10.8%
	8.7%
	8.1%
	9.8%
	5.6%
	1.3%
	0.0%

	RGB, mixed content, 1440p
	8.3%
	6.6%
	5.9%
	5.4%
	4.3%
	2.7%
	2.1%
	0.0%

	RGB, mixed content, 1080p
	12.0%
	10.1%
	9.5%
	8.8%
	6.7%
	3.0%
	2.4%
	0.0%

	RGB, Animation, 720p
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	16.9%
	12.5%
	10.4%
	9.6%
	10.0%
	5.6%
	6.9%
	0.0%

	YUV, text & graphics with motion,720p
	15.1%
	10.6%
	8.6%
	8.1%
	9.9%
	5.7%
	1.2%
	0.0%

	YUV, mixed content, 1440p
	10.0%
	8.0%
	7.3%
	6.7%
	5.3%
	3.2%
	2.1%
	0.0%

	YUV, mixed content, 1080p
	14.4%
	12.3%
	11.6%
	10.9%
	7.8%
	3.4%
	2.5%
	0.0%

	YUV, Animation, 720p
	0.0%
	0.1%
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.1%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	 

	Enc Time[%]
	100%
	104%
	100%
	103%
	101%
	95%
	93%
	100%

	Dec Time[%]
	104%
	105%
	101%
	100%
	102%
	96%
	96%
	100%

	
	
	
	
	
	
	
	
	

	 
	Low Delay

	 
	2C
	3C
	4C
	4C+4
	2x3C
	3x5C
	FuII+2C
	Full

	RGB, text & graphics with motion, 1080p
	11.3%
	8.2%
	6.9%
	6.3%
	6.5%
	3.4%
	9.4%
	0.0%

	RGB, text & graphics with motion,720p
	5.8%
	4.2%
	3.6%
	3.4%
	4.1%
	2.6%
	3.9%
	0.0%

	RGB, mixed content, 1440p
	4.4%
	3.8%
	3.6%
	3.2%
	2.5%
	1.2%
	2.0%
	0.0%

	RGB, mixed content, 1080p
	4.4%
	3.5%
	3.3%
	3.2%
	2.6%
	1.3%
	3.1%
	0.0%

	RGB, Animation, 720p
	0.1%
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	-0.1%
	0.0%
	-0.1%
	0.0%
	-0.1%
	-0.1%
	0.0%

	YUV, text & graphics with motion, 1080p
	10.1%
	7.5%
	6.3%
	5.8%
	5.8%
	3.0%
	8.3%
	0.0%

	YUV, text & graphics with motion,720p
	5.0%
	3.6%
	3.2%
	3.0%
	3.6%
	2.3%
	3.3%
	0.0%

	YUV, mixed content, 1440p
	5.3%
	4.3%
	4.2%
	3.9%
	2.5%
	1.5%
	1.9%
	0.0%

	YUV, mixed content, 1080p
	5.8%
	5.0%
	4.8%
	4.3%
	3.3%
	1.9%
	2.9%
	0.0%

	YUV, Animation, 720p
	0.0%
	-0.1%
	0.0%
	-0.1%
	-0.1%
	0.0%
	-0.2%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	 

	Enc Time[%]
	96%
	105%
	101%
	98%
	93%
	93%
	93%
	100%

	Dec Time[%]
	102%
	105%
	100%
	95%
	101%
	95%
	96%
	100%


Assuming that the memory block size is 4×2 for both luma and chroma, then the average memory access is summarized as follows when the alignment size is 64 and burst size is 256.

	 
	All Intra

	 
	2C
	3C
	4C
	4C+4
	2x3C
	3x5C
	FuII+2C
	Full

	RGB, text & graphics with motion, 1080p
	62.1%
	-
	-
	-
	101.7%
	100.9%
	100.0%
	100.0%

	RGB, text & graphics with motion,720p
	56.5%
	-
	-
	-
	101.2%
	100.6%
	100.0%
	100.0%

	RGB, mixed content, 1440p
	55.3%
	-
	-
	-
	99.6%
	99.3%
	100.0%
	100.0%

	RGB, mixed content, 1080p
	57.5%
	-
	-
	-
	100.9%
	100.1%
	100.0%
	100.0%

	RGB, Animation, 720p
	52.4%
	-
	-
	-
	100.0%
	100.0%
	100.0%
	100.0%

	RGB, camera captured, 1080p
	50.7%
	-
	-
	-
	100.1%
	100.0%
	100.0%
	100.0%

	YUV, text & graphics with motion, 1080p
	61.3%
	-
	-
	-
	101.6%
	100.9%
	100.0%
	100.0%

	YUV, text & graphics with motion,720p
	55.6%
	-
	-
	-
	101.1%
	100.6%
	100.0%
	100.0%

	YUV, mixed content, 1440p
	54.2%
	-
	-
	-
	99.5%
	99.2%
	100.0%
	100.0%

	YUV, mixed content, 1080p
	56.7%
	-
	-
	-
	100.8%
	100.1%
	100.0%
	100.0%

	YUV, Animation, 720p
	51.3%
	-
	-
	-
	100.0%
	100.0%
	100.0%
	100.0%

	YUV, camera captured, 1080p
	50.2%
	-
	-
	-
	100.0%
	100.0%
	100.0%
	100.0%

	
	
	
	
	
	
	
	
	

	 
	Random Access

	 
	2C
	3C
	4C
	4C+4
	2x3C
	3x5C
	FuII+2C
	Full

	RGB, text & graphics with motion, 1080p
	72.1%
	-
	-
	-
	100.4%
	100.2%
	72.7%
	100.0%

	RGB, text & graphics with motion,720p
	71.9%
	-
	-
	-
	100.0%
	100.1%
	72.9%
	100.0%

	RGB, mixed content, 1440p
	71.7%
	-
	-
	-
	100.0%
	99.8%
	72.5%
	100.0%

	RGB, mixed content, 1080p
	72.1%
	-
	-
	-
	99.9%
	99.9%
	72.5%
	100.0%

	RGB, Animation, 720p
	77.0%
	-
	-
	-
	100.0%
	100.0%
	78.0%
	100.0%

	RGB, camera captured, 1080p
	77.8%
	-
	-
	-
	100.0%
	100.0%
	78.6%
	100.0%

	YUV, text & graphics with motion, 1080p
	72.2%
	-
	-
	-
	100.3%
	100.2%
	72.7%
	100.0%

	YUV, text & graphics with motion,720p
	72.0%
	-
	-
	-
	100.1%
	100.0%
	73.0%
	100.0%

	YUV, mixed content, 1440p
	72.2%
	-
	-
	-
	100.0%
	100.0%
	72.7%
	100.0%

	YUV, mixed content, 1080p
	72.2%
	-
	-
	-
	100.0%
	100.0%
	72.7%
	100.0%

	YUV, Animation, 720p
	76.6%
	-
	-
	-
	100.0%
	100.0%
	77.5%
	100.0%

	YUV, camera captured, 1080p
	77.6%
	-
	-
	-
	100.0%
	100.0%
	78.4%
	100.0%

	
	
	
	
	
	
	
	
	

	 
	Low Delay

	 
	2C
	3C
	4C
	4C+4
	2x3C
	3x5C
	FuII+2C
	Full

	RGB, text & graphics with motion, 1080p
	69.7%
	-
	-
	-
	100.5%
	100.3%
	69.8%
	100.0%

	RGB, text & graphics with motion,720p
	67.6%
	-
	-
	-
	100.0%
	100.0%
	67.7%
	100.0%

	RGB, mixed content, 1440p
	68.0%
	-
	-
	-
	100.1%
	100.0%
	68.2%
	100.0%

	RGB, mixed content, 1080p
	68.4%
	-
	-
	-
	100.0%
	100.0%
	68.5%
	100.0%

	RGB, Animation, 720p
	76.0%
	-
	-
	-
	100.0%
	100.0%
	76.0%
	100.0%

	RGB, camera captured, 1080p
	78.2%
	-
	-
	-
	100.0%
	100.0%
	78.3%
	100.0%

	YUV, text & graphics with motion, 1080p
	69.8%
	-
	-
	-
	100.4%
	100.2%
	69.8%
	100.0%

	YUV, text & graphics with motion,720p
	67.5%
	-
	-
	-
	100.0%
	100.0%
	67.6%
	100.0%

	YUV, mixed content, 1440p
	67.8%
	-
	-
	-
	100.1%
	100.1%
	68.0%
	100.0%

	YUV, mixed content, 1080p
	68.1%
	-
	-
	-
	100.0%
	100.0%
	68.1%
	100.0%

	YUV, Animation, 720p
	75.1%
	-
	-
	-
	99.7%
	99.9%
	75.3%
	100.0%

	YUV, camera captured, 1080p
	77.3%
	-
	-
	-
	100.0%
	100.0%
	77.6%
	100.0%


No cache considered in memory access results (with enough on-chip memory, 2x3 and 3x5 configurations might need less memory access)

Presentation of R0188: Worst case memory bandwidth increases by appox. 10% due to the fact that both filtered and unfiltered references need to be written. Worst case read access is still with 8x8 bipred inter. This means that the increase of worst case is only effective for inter coded frames.

Presentation of R0269: Investigation shows that approx. 15-20% of IBC blocks are selected outside of 2x4 CTU area with current reference. However, for the encoder search more than 90% are from farther distances. It is argued that this is not practical for real-time and low-latency coding.

The requirements of SCC are not explicitly requesting for low-complexity encoding (which an encoder could do when penalizing compression) and sub-picture low-delay requirements. Therefore, low decoder complexity should be main target

Proponents of R0269 request to investigate a restricted configuration additionally in Core Experiments.

It was initially discussed whether two IBC test configurations (full frame and restricted access) should be defined. The restricted case would likely be an additional case to be tested in specific CEs, but if it is used, it should be identical (so far, CE3 and CE5 had additionally used the 2 CTU restriction)

Follow-up discussion 07-06 afternoon:

The CEs on line-based intra copy, intra string copy, string-based palette index coding plan to perform tests with restricted frame access in addition to the full frame access.

In such cases, the investigated methods should use the same access region as IBC.

How many CTUs in the constrained setting?

· only CTUs from same row

· Current+4? Current+2? Current+1?

Agreed: We take current+3, because nobody proposed it, but we have results (4C) from CE1A

This restriction needs to be implemented as an optional setting in SCM software.

Further refinement of test conditions needed?

· “Flying Graphics” (5 seconds) takes 45 hrs to encode at highest rate point

· This sequence has however different characteristics than other (larger motion)

· The test set should have sufficient diversity

· It is a certain advantage to keep a test set coherent over several meeting cycles, because this better allow to track improvements of the technology included in the test model

· If sequences are replaced, or new sequences are added, this should be justified by good reasons e.g. rate-distortion behaviour that makes results difficult to interpret, missing characteristics in the test set

· to the best of our knowledge, such an exercise was done in the context of the CfP

· long encoder runtime for specific sequences is probably not a reason to remove them, but rather analyse the encoder behaviour and try to make it faster – generally our algorthms should be applicable to sequences of any characteristics.

CTC:

· Keep same set of sequences

· Set of QPs: No need to change

· CTC anchor: Set of tools in SCM/draft.

CTC is defined from JCTVC-Q1015, only changing SCM1 by SCM2, and specify new macro names on that.

Test 2: IBC modes
· Test 2.1. IBC as inter PU (JCTVC-R0190)

Several aspects of IBC are modified to align it with inter predicted CU and PU syntax including: signaling of the block vector (BV) predictor, deblocking filter, DCT, and IBC related syntax moved from coding_unit to prediction_unit and harmonized with inter PU syntax. IntraBC mode is treated as an inter mode with inter_pred_idc equals to 0 (L0). 
4x4 partition mode is turn on or off for IntraBC.

· Test 2.2. Skip mode (JCTVC-R0097)

IBC skip mode is a 2N×2N partition IBC mode without residue. A flag is signaled for each CU to indicate the usage of the IBC skip mode.

· Test 2.3. Merge mode (JCTVC-R0097)

For IBC merge mode, the BV used for the current CU uses the BV in the left  or the above block. No BV difference is signaled for IBC merge mode. Applied only to 2N×2N partitions. A flag per CU indicates the usage. Another flag is signaled to indicate the BV used for the current CU.

· Test 2.4. AMP mode (JCTVC-R0241) 

AMP for IBC introduces the motion partitions of 2N×nU, 2N×nD, nL×2N, and nR×2N into the IBC design.

Note: Test 2.3 should be considered in comparison to the BV prediction methods
	 
	All Intra

	 
	2.1 w. 4x4
	2.1 w/o 4x4
	2.2
	2.3
	2.4

	RGB, text & graphics with motion, 1080p
	-3.9%
	-1.3%
	0.0%
	-7.2%
	-0.8%

	RGB, text & graphics with motion,720p
	-2.0%
	-0.7%
	0.1%
	-4.0%
	-0.5%

	RGB, mixed content, 1440p
	-1.6%
	-0.8%
	0.0%
	-2.9%
	-0.5%

	RGB, mixed content, 1080p
	-1.9%
	-0.7%
	0.0%
	-2.9%
	-0.6%

	RGB, Animation, 720p
	-0.1%
	0.0%
	0.0%
	-0.1%
	-0.2%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-4.6%
	-2.1%
	0.0%
	-7.4%
	-1.1%

	YUV, text & graphics with motion,720p
	-2.4%
	-1.3%
	0.0%
	-4.3%
	-0.7%

	YUV, mixed content, 1440p
	-1.8%
	-1.0%
	0.0%
	-3.1%
	-0.5%

	YUV, mixed content, 1080p
	-2.1%
	-1.0%
	0.0%
	-3.2%
	-0.6%

	YUV, Animation, 720p
	-0.1%
	0.0%
	0.0%
	-0.2%
	-0.2%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	100%
	91%
	98%
	110%
	139%

	Dec Time[%]
	98%
	100%
	100%
	98%
	119%

	 
	Random Access

	 
	2.1 w. 4x4
	2.1 w/o 4x4
	2.2
	2.3
	2.4

	RGB, text & graphics with motion, 1080p
	-2.0%
	-0.9%
	0.0%
	-4.3%
	-0.6%

	RGB, text & graphics with motion,720p
	-1.5%
	-0.5%
	0.0%
	-2.7%
	-0.6%

	RGB, mixed content, 1440p
	-1.2%
	-0.6%
	0.1%
	-1.8%
	-0.5%

	RGB, mixed content, 1080p
	-1.3%
	-0.4%
	0.0%
	-1.9%
	-0.4%

	RGB, Animation, 720p
	-0.1%
	0.0%
	0.0%
	-0.1%
	-0.2%

	RGB, camera captured, 1080p
	0.1%
	0.1%
	0.1%
	0.0%
	0.1%

	YUV, text & graphics with motion, 1080p
	-1.8%
	-0.7%
	-0.1%
	-4.4%
	-0.8%

	YUV, text & graphics with motion,720p
	-1.5%
	-0.6%
	0.0%
	-2.8%
	-0.5%

	YUV, mixed content, 1440p
	-0.9%
	-0.3%
	0.1%
	-1.9%
	-0.3%

	YUV, mixed content, 1080p
	-1.3%
	-0.7%
	0.0%
	-2.3%
	-0.5%

	YUV, Animation, 720p
	0.1%
	0.1%
	0.1%
	-0.1%
	-0.1%

	YUV, camera captured, 1080p
	0.1%
	0.0%
	0.1%
	0.0%
	0.0%

	

	Enc Time[%]
	98%
	97%
	98%
	99%
	112%

	Dec Time[%]
	97%
	98%
	100%
	97%
	115%


	 
	Low Delay

	 
	2.1 w. 4x4
	2.1 w/o 4x4
	2.2
	2.3
	2.4

	RGB, text & graphics with motion, 1080p
	-1.6%
	-1.1%
	0.0%
	-3.3%
	-0.4%

	RGB, text & graphics with motion,720p
	-0.9%
	-0.3%
	-0.1%
	-1.0%
	-0.4%

	RGB, mixed content, 1440p
	-0.7%
	-0.5%
	0.0%
	-1.0%
	-0.4%

	RGB, mixed content, 1080p
	-0.9%
	-0.7%
	-0.2%
	-1.3%
	-0.4%

	RGB, Animation, 720p
	0.1%
	0.1%
	0.0%
	0.0%
	-0.1%

	RGB, camera captured, 1080p
	0.1%
	0.1%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-1.2%
	-0.8%
	-0.1%
	-3.2%
	-0.6%

	YUV, text & graphics with motion,720p
	-0.5%
	-0.1%
	0.0%
	-1.2%
	-0.2%

	YUV, mixed content, 1440p
	-0.3%
	-0.3%
	0.0%
	-1.2%
	-0.4%

	YUV, mixed content, 1080p
	-0.5%
	-0.1%
	0.3%
	-0.8%
	0.2%

	YUV, Animation, 720p
	0.2%
	0.1%
	0.0%
	-0.1%
	-0.2%

	YUV, camera captured, 1080p
	0.2%
	0.2%
	0.1%
	0.0%
	0.1%

	

	Enc Time[%]
	97%
	96%
	98%
	99%
	108%

	Dec Time[%]
	99%
	97%
	99%
	98%
	119%


	 
	BV Memory Requirements

	 
	2.1 w. 4x4
	2.1 w/o 4x4
	2.2
	2.3
	2.4

	Line Buffer
	No
	No
	Yes
	Yes
	No

	#vectors to be stored
	Additional  24 for AI and 0 for RA and LD
	Additional  24 for AI and 0 for RA and LD
	-
	Additional  24 for AI and 0 for RA and LD
	Additional  24 for AI and 0 for RA and LD


2.1 is integrating IBC into inter, i.e. signalling by refidx at PU (decision below CU), but disallowing AMP, disallowing bipred, no interpolation, no merge, no skip

Benefit of 2.1 could come by PU-level decision and capability to predict IBC vector from the block above. Usage of refidx for signalling is likely not giving benefit. For intra pictures, this also means that they need to implement and “inter” mode, which however can only be IBC.

2.1 also changes the effect of de-blocking such that the boundary between adjacent IBC blocks that have same vectors are not de-blocked.

2.2 does not provide benefit

2.3 should rather be considered under cat.3 (prediction)

2.4 is using AMP (beyond NxN, 2NxN, Nx2N and 2Nx2N currently used)

5.1 is combination of 2.1, 2.3, 2.4.

Agreement:

- IBC is a “third mode” different from both intra and inter prediction. In terms of prediction reference, it uses the same as intra, whereas in terms of memory access mechanism, coding of vector etc. it has some commonality with inter (but without the capability to simply re-use, because merge list may need to be modified, interpolation not necessary …)

- Refidx signalling is not asserted to be beneficial w.r.t. compression.

- PU–level decision? Would branch between intra and inter/IBC at CU level, and further branch between inter pred and IBC at PU level. More information was requested about the benefit of doing this, i.e. results of experiment 2.1 without using the vector from block above as predictors for the current BV.

JCTVC-R0356 PU level IntraBC on/off and signalling [X. Xu, S. Liu (MediaTek)] [late]

Requested information was reported in this document (Sat. morning, JRO).


Test 1: Simple change of position of IBC flag from CU level to PU level gives up to 0.7% in LD (text&graphics), up to 0.5% in RA. Less but still some gain in other sequence classes. May not be fully optimized.

Test 2: When with the ref_idx signalling the other aspects are disabled (such as effect of merge), initial results seem to indicate that performance is inferior than with IBC flag.

Further investigate IBC with PU level signalling, AMP, merge in the CE about IBC signalling (see discussion under R0100)

Test 3A: IBC Block Vector Prediction
· Test 3.1: BV prediction (JCTVC-R0185)

The block vector prediction method of IBC is modified to use either an spatial neighboring BV or default vector is used as BV predictor. Up to two BV from those in spatial neighboring blocks as used in HEVC are used to form a BV candidate list and one BV is selected.
· Test 3.2: Ping-Pong BV prediction (JCTVC-R0240) 

Block vector prediction values are maintained as state information. For each BV to be sent, a flag is sent to select between them for the BV prediction value.

· Test 3.3: BV prediction (JCTVC-R0081)

The BV predictor is selected among a predictors list that includes the three last decoded BVs. The selected predictor is indicated through a syntax element. Additional fixed predictor values are added when the full list does not contain three elements.

· Test 3.4 AMVP prediction (JCTVC-R0061)

The block vector prediction method of IBC is modified to use either an spatial neighboring BV or default vector is used as BV predictor. A flag is used to signal which of the predictors is used. When there is only one unique candidate BV available, (-2*CU_width, 0) is used for the second candidate. If both candidates are not available, (-2*CU_width, 0) and (-CU_width, 0) are used.

Note: Encoders have different levels of optimization, which makes difficult to compare the algorithms. Same encoder results in table below.

	 
	All Intra

	 
	3.1
	3.2
	3.3
	3.4

	RGB, text & graphics with motion, 1080p
	-2.6%
	-2.0%
	-1.6%
	-3.8%

	RGB, text & graphics with motion,720p
	-0.8%
	-1.2%
	-0.9%
	-1.9%

	RGB, mixed content, 1440p
	-1.0%
	-0.8%
	-0.7%
	-1.4%

	RGB, mixed content, 1080p
	-1.4%
	-0.8%
	-0.8%
	-1.8%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	-0.1%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-2.8%
	-2.3%
	-1.8%
	-4.5%

	YUV, text & graphics with motion,720p
	-1.1%
	-1.4%
	-1.1%
	-2.4%

	YUV, mixed content, 1440p
	-1.3%
	-1.0%
	-0.8%
	-1.7%

	YUV, mixed content, 1080p
	-1.5%
	-1.0%
	-0.9%
	-2.1%

	YUV, Animation, 720p
	0.0%
	-0.1%
	0.0%
	-0.1%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	105%
	107%
	102%
	101%

	Dec Time[%]
	104%
	101%
	100%
	99%


	 
	Random Access

	 
	3.1
	3.2
	3.3
	3.4

	RGB, text & graphics with motion, 1080p
	-0.6%
	-0.7%
	-0.6%
	-1.2%

	RGB, text & graphics with motion,720p
	-0.5%
	-0.4%
	-0.3%
	-0.8%

	RGB, mixed content, 1440p
	-0.8%
	-0.6%
	-0.5%
	-1.0%

	RGB, mixed content, 1080p
	-0.1%
	0.0%
	0.0%
	-0.2%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	-0.9%
	-1.1%
	-0.8%
	-1.7%

	YUV, text & graphics with motion, 1080p
	-0.7%
	-0.8%
	-0.7%
	-1.5%

	YUV, text & graphics with motion,720p
	-0.6%
	-0.7%
	-0.6%
	-0.9%

	YUV, mixed content, 1440p
	-1.1%
	-0.6%
	-0.4%
	-1.3%

	YUV, mixed content, 1080p
	0.0%
	-0.2%
	0.2%
	0.0%

	YUV, Animation, 720p
	0.0%
	0.0%
	0.1%
	0.0%

	YUV, camera captured, 1080p
	-0.6%
	-0.6%
	-0.5%
	-1.0%

	

	Enc Time[%]
	104%
	99%
	103%
	99%

	Dec Time[%]
	107%
	98%
	99%
	102%


	 
	Low Delay

	 
	3.1
	3.2
	3.3
	3.4

	RGB, text & graphics with motion, 1080p
	-0.3%
	-0.5%
	-0.2%
	-0.4%

	RGB, text & graphics with motion,720p
	-0.3%
	0.1%
	-0.3%
	-0.4%

	RGB, mixed content, 1440p
	0.0%
	0.1%
	0.1%
	0.0%

	RGB, mixed content, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, Animation, 720p
	-0.3%
	-0.8%
	-0.5%
	-0.7%

	RGB, camera captured, 1080p
	0.1%
	0.0%
	-0.3%
	-0.4%

	YUV, text & graphics with motion, 1080p
	-0.2%
	-0.7%
	-0.4%
	-0.4%

	YUV, text & graphics with motion,720p
	0.1%
	-0.1%
	-0.2%
	-0.1%

	YUV, mixed content, 1440p
	0.1%
	-0.4%
	-0.1%
	-0.1%

	YUV, mixed content, 1080p
	0.0%
	0.0%
	-0.2%
	0.0%

	YUV, Animation, 720p
	-0.1%
	-0.3%
	-0.2%
	-0.4%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	101%
	100%
	104%
	98%

	Dec Time[%]
	104%
	101%
	99%
	100%


Results with following encoder settings for 3.1, 3.3 and 3.4 (would also be applicable to 3.2, but no results were provided on this by proponents):

· Software bug fix (could also be applied to SCM1.0)

· BV costs are estimated by considering all predictors

· Allow the use of predictors to be the BV of current IBC block (that means guarantee that the predictor used for coding is in the estimation list)

· BV predictor is RD estimated even if the predictor is outside the 2 CTBs 

Test 3.1 provides further results with full RD check at BV predictor position 3.1*.

Test 3.3 provides further results with full RD check of BV predictor and testing neighboring left and above BVs: test 3.3*.

	 
	
	All Intra

	 
	3.1
	3.3
	3.4
	3.1*
	3.3*

	RGB, text & graphics with motion, 1080p
	-7.3%
	-6.5%
	-7.2%
	-9.7%
	-8.9%

	RGB, text & graphics with motion,720p
	-4.2%
	-3.8%
	-4.2%
	-5.3%
	-5.3%

	RGB, mixed content, 1440p
	-2.9%
	-2.6%
	-2.9%
	-3.7%
	-3.7%

	RGB, mixed content, 1080p
	-3.5%
	-3.1%
	-3.5%
	-4.2%
	-4.2%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.2%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-7.7%
	-6.7%
	-7.7%
	-10.5%
	-9.2%

	YUV, text & graphics with motion,720p
	-4.7%
	-4.4%
	-4.7%
	-5.9%
	-6.0%

	YUV, mixed content, 1440p
	-3.3%
	-3.1%
	-3.3%
	-4.1%
	-4.2%

	YUV, mixed content, 1080p
	-3.7%
	-3.5%
	-3.8%
	-4.8%
	-4.6%

	YUV, Animation, 720p
	-0.1%
	-0.2%
	-0.2%
	-0.1%
	-0.3%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	

	Enc Time[%]
	99%
	101%
	96%
	113%
	113%

	Dec Time[%]
	98%
	98%
	98%
	96%
	96%

	
	
	
	
	
	

	 
	
	Random Access

	 
	3.1
	3.3
	3.4
	3.1*
	3.3*

	RGB, text & graphics with motion, 1080p
	-3.3%
	-3.6%
	-3.3%
	-5.4%
	-6.0%

	RGB, text & graphics with motion,720p
	-2.7%
	-2.5%
	-2.7%
	-3.5%
	-3.5%

	RGB, mixed content, 1440p
	-1.6%
	-1.6%
	-1.7%
	-2.1%
	-2.2%

	RGB, mixed content, 1080p
	-2.1%
	-2.0%
	-2.2%
	-2.7%
	-2.8%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.1%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-3.1%
	-3.3%
	-3.2%
	-5.6%
	-6.1%

	YUV, text & graphics with motion,720p
	-3.0%
	-2.7%
	-2.9%
	-3.9%
	-3.8%

	YUV, mixed content, 1440p
	-1.7%
	-1.8%
	-1.9%
	-2.3%
	-2.7%

	YUV, mixed content, 1080p
	-2.4%
	-2.4%
	-2.6%
	-3.2%
	-3.3%

	YUV, Animation, 720p
	0.0%
	-0.1%
	-0.2%
	-0.1%
	-0.2%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	 

	Enc Time[%]
	101%
	102%
	96%
	106%
	106%

	Dec Time[%]
	99%
	99%
	98%
	103%
	91%

	
	
	
	
	
	

	 
	
	Low Delay

	 
	3.1
	3.3
	3.4
	3.1*
	3.3*

	RGB, text & graphics with motion, 1080p
	-1.8%
	-2.6%
	-1.8%
	-3.6%
	-4.9%

	RGB, text & graphics with motion,720p
	-1.0%
	-1.1%
	-1.0%
	-1.5%
	-1.6%

	RGB, mixed content, 1440p
	-0.7%
	-0.8%
	-0.9%
	-1.1%
	-1.3%

	RGB, mixed content, 1080p
	-0.8%
	-1.4%
	-0.8%
	-1.1%
	-1.4%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%

	RGB, camera captured, 1080p
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-1.6%
	-2.2%
	-1.6%
	-3.7%
	-4.9%

	YUV, text & graphics with motion,720p
	-1.0%
	-1.2%
	-1.0%
	-1.6%
	-1.7%

	YUV, mixed content, 1440p
	-0.7%
	-0.8%
	-0.7%
	-1.3%
	-1.6%

	YUV, mixed content, 1080p
	-0.5%
	-1.0%
	-0.7%
	-1.0%
	-1.5%

	YUV, Animation, 720p
	0.0%
	-0.1%
	0.0%
	0.0%
	-0.1%

	YUV, camera captured, 1080p
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	
	

	Enc Time[%]
	99%
	102%
	95%
	103%
	105%

	Dec Time[%]
	101%
	102%
	96%
	106%
	95%


	 
	BV Memory Requirements

	 
	3.1
	3.2
	3.3
	3.4

	Line Buffer
	No
	No
	No
	No

	#vectors to be stored
	Additional 23 for AI and 0 for RA and LD
	2
	3
	Additional  24 for AI and 0 for RA and LD


Usage of increasing the number of candidates for prediction gives clear benefit. A late contribution (309) proposes a unification of 3.1, 3.2 and 3.4. In contrast to them, 3.3 uses three candidates, which however does not give benefit for AI, but provides gain for RA and LD configurations.

Agreement: Some improved IBC vector prediction mechanism should be included in new test model, was further discussed in the context of R0309. (see BoG R0349)
Test 3B: IBC Block Vector Binarization
· Test 3.5: BV difference coding (JCTVC-R0133)

A modified context modeling method for coding IBC block vector difference (BVD) is tested. Additional contexts are assigned for coding the prefix bins used for representing the absolute value of the BVD component. 

· Test 3.6: BV binarization (JCTVC-R0186)

BVD binarization is modified: first, a flag is signaled to indicate whether the difference is zero. When BV difference is not zero, Exp-Golomb code of order 3 is used.

	 
	All Intra

	 
	3.5
	3.5 ctx rd
	3.6

	RGB, text & graphics with motion, 1080p
	-3.2%
	-3.0%
	-2.3%

	RGB, text & graphics with motion,720p
	-2.0%
	-1.9%
	-1.3%

	RGB, mixed content, 1440p
	-1.0%
	-0.9%
	-0.8%

	RGB, mixed content, 1080p
	-1.3%
	-1.2%
	-1.0%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	0.0%

	RGB, camera captured, 1080p
	-0.1%
	-0.1%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-4.0%
	-3.7%
	-2.9%

	YUV, text & graphics with motion,720p
	-2.5%
	-2.3%
	-1.6%

	YUV, mixed content, 1440p
	-1.3%
	-1.3%
	-1.0%

	YUV, mixed content, 1080p
	-1.5%
	-1.4%
	-1.2%

	YUV, Animation, 720p
	-0.1%
	-0.1%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%

	 

	Enc Time[%]
	96%
	97%
	101%

	Dec Time[%]
	102%
	102%
	103%


	 
	Random Access

	 
	3.5
	3.5 ctx rd
	3.6

	RGB, text & graphics with motion, 1080p
	-1.8%
	-1.7%
	-1.4%

	RGB, text & graphics with motion,720p
	-1.3%
	-1.3%
	-1.0%

	RGB, mixed content, 1440p
	-0.7%
	-0.6%
	-0.5%

	RGB, mixed content, 1080p
	-0.7%
	-0.7%
	-0.6%

	RGB, Animation, 720p
	-0.3%
	-0.2%
	-0.1%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-2.0%
	-1.8%
	-1.5%

	YUV, text & graphics with motion,720p
	-1.6%
	-1.6%
	-1.2%

	YUV, mixed content, 1440p
	-0.8%
	-0.7%
	-0.7%

	YUV, mixed content, 1080p
	-1.1%
	-1.0%
	-1.0%

	YUV, Animation, 720p
	0.0%
	-0.1%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	101%
	97%
	102%

	Dec Time[%]
	106%
	98%
	103%


	 
	Low Delay

	 
	3.5
	3.5 ctx r.d.
	3.6

	RGB, text & graphics with motion, 1080p
	-1.4%
	-1.4%
	-1.1%

	RGB, text & graphics with motion,720p
	-0.9%
	-0.8%
	-0.6%

	RGB, mixed content, 1440p
	-0.7%
	-0.5%
	-0.6%

	RGB, mixed content, 1080p
	-0.4%
	-0.9%
	-0.5%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	-0.2%

	RGB, camera captured, 1080p
	0.0%
	-0.1%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-1.5%
	-1.4%
	-1.2%

	YUV, text & graphics with motion,720p
	-0.9%
	-0.8%
	-0.5%

	YUV, mixed content, 1440p
	-0.4%
	-0.4%
	-0.3%

	YUV, mixed content, 1080p
	-0.4%
	-0.3%
	-0.1%

	YUV, Animation, 720p
	-0.1%
	-0.1%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	101%
	96%
	99%

	Dec Time[%]
	104%
	98%
	102%


	 
	Complexity

	 
	SCM
	3.5
	3.5 ctx rd
	3.6

	# regular (context coded) bins per BV
	4
	15
	14
	2

	# additional contexts
	0
	17
	4
	2

	Binarization as in HEVC
	Yes
	Yes, except the prefix bins are regular bins
	No


3.5 would increase the worst number of context coded bins per coefficient, as 14 CC bins could occur per 4x4 block. This is undesirable

Side activity (K. Rapaka): Analyze new contributions (R0123, R0181, R0088, R0074) wrt performance, complexity in comparison to 3.6 (as far as IBC (BV) binarization is concerned). Some of these are also touching inter binarization, which should be discussed separately as it would modify existing HEVC technology specifically for screen content. See notes relating to R0342.
Test 4: Block copying modifications

· Test 4.1: Symmetric intra block copy (JCTVC-R0116)

Symmetric intra block copy (SIBC) is tested. When SIBC is applied, the reference block is flipped horizontally or vertically before it is used to predict the current block. SIBC is only allowed for IBC with block size 2Nx2N. A flag is signaled to indicate whether the current block chooses SIBC or normal IBC. If used, another flag indicates horizontal or vertical SIBC. When horizontal SIBC is on, BVDy is not signaled and BVy is inferred to be 0. When vertical SIBC is on, BVDx is not signaled and BVx is inferred to be 0.

· Test 4.2: Block flipping (JCTVC-R0097) 

Vertical flipping is enabled for the CU using Intra BC prediction. One flag is signaled to distinguish flipping or not for every PU using Intra BC prediction (except the CU in Intra BC merge mode).

	 
	All Intra

	 
	4.1 hor.
	4.1 ver.
	4.1 h.+v.
	4.2

	RGB, text & graphics with motion, 1080p
	-0.9%
	-0.7%
	-1.3%
	-0.4%

	RGB, text & graphics with motion,720p
	-0.4%
	-0.7%
	-0.8%
	-0.1%

	RGB, mixed content, 1440p
	-0.8%
	-0.3%
	-1.0%
	-0.1%

	RGB, mixed content, 1080p
	-0.7%
	-0.2%
	-0.8%
	0.0%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-1.0%
	-0.6%
	-1.2%
	-0.6%

	YUV, text & graphics with motion,720p
	-0.5%
	-0.8%
	-0.9%
	-0.5%

	YUV, mixed content, 1440p
	-0.8%
	-0.4%
	-1.0%
	-0.2%

	YUV, mixed content, 1080p
	-0.7%
	-0.1%
	-0.8%
	0.0%

	YUV, Animation, 720p
	-0.1%
	0.0%
	-0.1%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	 

	Enc Time[%]
	101%
	102%
	102%
	105%

	Dec Time[%]
	100%
	100%
	99%
	102%


	 
	Random Access

	 
	4.1 hor.
	4.1 ver.
	4.1 h.+v.
	4.2

	RGB, text & graphics with motion, 1080p
	-0.6%
	-0.5%
	-0.9%
	-0.3%

	RGB, text & graphics with motion,720p
	-0.3%
	-0.5%
	-0.6%
	-0.2%

	RGB, mixed content, 1440p
	-0.4%
	-0.2%
	-0.4%
	0.0%

	RGB, mixed content, 1080p
	-0.3%
	0.0%
	-0.4%
	0.0%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-0.6%
	-0.4%
	-0.7%
	-0.2%

	YUV, text & graphics with motion,720p
	-0.3%
	-0.6%
	-0.6%
	-0.3%

	YUV, mixed content, 1440p
	-0.4%
	0.0%
	-0.4%
	0.1%

	YUV, mixed content, 1080p
	-0.4%
	-0.1%
	-0.5%
	-0.1%

	YUV, Animation, 720p
	-0.1%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	 

	Enc Time[%]
	100%
	100%
	99%
	99%

	Dec Time[%]
	100%
	99%
	99%
	101%


	 
	Low Delay

	 
	4.1 hor.
	4.1 ver.
	4.1 h.+v.
	4.2

	RGB, text & graphics with motion, 1080p
	-0.4%
	-0.3%
	-0.5%
	-0.1%

	RGB, text & graphics with motion,720p
	-0.1%
	-0.1%
	-0.4%
	-0.1%

	RGB, mixed content, 1440p
	-0.1%
	0.0%
	-0.3%
	0.0%

	RGB, mixed content, 1080p
	-0.2%
	-0.2%
	-0.5%
	-0.1%

	RGB, Animation, 720p
	0.0%
	0.0%
	-0.1%
	-0.2%

	RGB, camera captured, 1080p
	0.0%
	-0.1%
	0.0%
	-0.2%

	YUV, text & graphics with motion, 1080p
	-0.4%
	-0.4%
	-0.5%
	0.0%

	YUV, text & graphics with motion,720p
	-0.2%
	-0.3%
	-0.3%
	0.3%

	YUV, mixed content, 1440p
	-0.2%
	0.1%
	-0.3%
	-0.1%

	YUV, mixed content, 1080p
	0.3%
	0.0%
	0.1%
	0.0%

	YUV, Animation, 720p
	0.1%
	0.0%
	0.1%
	-0.1%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%

	 

	Enc Time[%]
	99%
	99%
	98%
	99%

	Dec Time[%]
	101%
	99%
	99%
	101%


The gain is relatively low compared to other proposed methods in the IBC domain. The flipping would require some additional decoder operations at the level of samples (re-ordering of the arrangement by which they are stored in the reference buffer). No action at this point, consider continuation of CE depending on new ideas in non-CE category.

Test 5: Combinations
· Test 5.1: Combination of tests 2.1 + 2.3 + 2.4 (JCTVC-R0191)

In this test, the methods that are used in tests 2.1, 2.3 and 2.4 are tested in combination. Test A is 2.1 + 2.3 and test B is 2.1 + 2.3 + 2.4.

· Test 5.2: Combination of tests 3.1 + 3.6 (JCTVC-R0187)

In this test, the BV prediction method in test 3.1 and the BV coding method in test 3.6 are combined.

Note: enc. refers to the integration of the common encoder described for tests 3.1 and 3.3. enc* indicates the encoder with full RD in 3.1.

	 
	All Intra

	 
	5.1A
	5.1B
	5.2
	5.2 

enc
	5.2 

enc*

	RGB, text & graphics with motion, 1080p
	-9.3%
	-9.9%
	-4.4%
	-8.6%
	-10.9%

	RGB, text & graphics with motion,720p
	-5.2%
	-5.7%
	-2.1%
	-5.0%
	-6.2%

	RGB, mixed content, 1440p
	-4.2%
	-4.6%
	-1.7%
	-3.4%
	-4.2%

	RGB, mixed content, 1080p
	-4.5%
	-4.8%
	-2.1%
	-4.1%
	-4.8%

	RGB, Animation, 720p
	-0.3%
	-0.4%
	-0.1%
	-0.1%
	-0.1%

	RGB, camera captured, 1080p
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-9.7%
	-10.6%
	-5.1%
	-9.5%
	-12.0%

	YUV, text & graphics with motion,720p
	-5.7%
	-6.2%
	-2.4%
	-5.7%
	-6.9%

	YUV, mixed content, 1440p
	-4.1%
	-4.5%
	-2.1%
	-4.0%
	-4.8%

	YUV, mixed content, 1080p
	-4.6%
	-5.0%
	-2.4%
	-4.5%
	-5.5%

	YUV, Animation, 720p
	-0.2%
	-0.5%
	0.0%
	-0.1%
	-0.2%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	120%
	166%
	100%
	102%
	115%

	Dec Time[%]
	94%
	95%
	104%
	103%
	97%


	 
	Random Access

	 
	5.1A
	5.1B
	5.2
	5.2 

enc
	5.2 

enc*

	RGB, text & graphics with motion, 1080p
	-5.8%
	-6.4%
	-2.1%
	-4.3%
	-6.3%

	RGB, text & graphics with motion,720p
	-3.8%
	-4.2%
	-1.3%
	-3.2%
	-4.0%

	RGB, mixed content, 1440p
	-2.6%
	-3.0%
	-1.0%
	-2.0%
	-2.6%

	RGB, mixed content, 1080p
	-3.0%
	-3.2%
	-1.3%
	-2.6%
	-3.1%

	RGB, Animation, 720p
	-0.1%
	-0.2%
	-0.1%
	-0.1%
	-0.2%

	RGB, camera captured, 1080p
	0.1%
	0.2%
	0.0%
	0.0%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-5.6%
	-6.2%
	-2.3%
	-4.3%
	-6.7%

	YUV, text & graphics with motion,720p
	-3.8%
	-4.3%
	-1.5%
	-3.7%
	-4.5%

	YUV, mixed content, 1440p
	-2.4%
	-2.6%
	-1.3%
	-2.5%
	-2.9%

	YUV, mixed content, 1080p
	-3.2%
	-3.5%
	-1.7%
	-3.1%
	-3.8%

	YUV, Animation, 720p
	0.1%
	-0.1%
	-0.1%
	-0.1%
	0.0%

	YUV, camera captured, 1080p
	0.1%
	0.1%
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	101%
	116%
	97%
	102%
	105%

	Dec Time[%]
	99%
	101%
	100%
	100%
	98%


	 
	Low Delay

	 
	5.1A
	5.1B
	5.2
	5.2 

enc
	5.2 

enc*

	RGB, text & graphics with motion, 1080p
	-4.9%
	-5.4%
	-1.4%
	-2.7%
	-4.6%

	RGB, text & graphics with motion,720p
	-2.1%
	-2.2%
	-0.8%
	-1.4%
	-2.0%

	RGB, mixed content, 1440p
	-2.0%
	-2.2%
	-0.4%
	-1.0%
	-1.4%

	RGB, mixed content, 1080p
	-1.7%
	-2.0%
	-0.6%
	-1.4%
	-1.9%

	RGB, Animation, 720p
	0.0%
	-0.1%
	-0.1%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.1%
	0.2%
	-0.1%
	-0.1%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-4.4%
	-4.9%
	-1.3%
	-2.5%
	-4.7%

	YUV, text & graphics with motion,720p
	-1.4%
	-1.9%
	-0.7%
	-1.4%
	-1.9%

	YUV, mixed content, 1440p
	-1.4%
	-1.5%
	-0.8%
	-1.2%
	-1.9%

	YUV, mixed content, 1080p
	-1.6%
	-1.8%
	-0.5%
	-0.9%
	-1.6%

	YUV, Animation, 720p
	0.3%
	0.1%
	0.0%
	-0.1%
	0.0%

	YUV, camera captured, 1080p
	0.3%
	0.3%
	0.0%
	0.0%
	0.0%

	

	Enc Time[%]
	98%
	112%
	102%
	103%
	102%

	Dec Time[%]
	101%
	101%
	97%
	102%
	105%


5.1: Extends the “refidx” method of 2.1 by merge mode of 2.3 (2 merge candidates) and asymmetric partitioning of 2.4. R0100 is a non-CE proposal that does something similar but more identical with conventional inter prediction. See also discussion under R0100: Does usage of refidx have benefits? 

JCTVC-R0342 BoG on block vector binarization methods [K. Rapaka]

IBC block vector binarization

· Test 2.1.2: BV binarization (JCTVC-R0186) - SCCE1 Method

First, a flag is signaled to indicate whether the difference is zero. When BV difference is not zero, Exp-Golomb code of order 3 is used.

· Test 2.1.3: Adaptive switching between differential and direct coding (JCTVC-R0074)

One flag is added to specify whether the block vector is predicted or not. If not predicted, BV is coded without prediction. The flag is signaled when the BV component is non-zero. 

Method 1: BVD binarization is modified: conditionally adds a new Bypass flag to indicate with BV component is predicted or not.

First, a flag is signaled to indicate whether the BV component is zero. When BV component is non-zero, a second flag is signaled if BV component is predicted or not. A flag is coded to indicate if BV component is greater than 1. When BV component is greater than 1, Exp-Golomb code of order 3 is used.
Method 2: BVD binarization is modified: conditionally adds a new bypass flag to indicate with BV component is predicted or not. Conditionally adds a second bypass flag (based BVDx and BVDy values) to indicate the sign of BVx and BVy components. Further conditionally encodes sign flag based on the second flag introduced.

· Test 2.1.4: Vector residual coding for Inter and IBC modes (JCTVC-R0088)

A slice level flag is added to switch between the Golomb order (1 and 4). At encoder side, Golomb order is determined from the previous frame statistics.

· Test 2.1.5: BV binarization (JCTVC-R0123)

BVD binarization is modified: The coeff_abs_level_remaining coding is applied to the delta block vectors as follows:

· A separate Rice parameter initialization statistic is kept for each component of the delta block vector and updated on each usage of the corresponding component.

· A separate context is used to code the significance flag of each component. No ‘gr1’ flag is present.

· The sign of each component is bypass coded.

Additionally, following bug-fixes that were distributed to participants in SCCE1 were incorporated into the software:

#define BUGFIX_FULL_FRAME_SEARCH_PREDICTORS               1

#define BUGFIX_Q0175                                      1 

#define BUGFIX_COMP_SIGNED_UNSIGNED                       1 // bug fix comp sign / const unsigned

These bug fixes were also used in the anchor for the presented results. Section 3 shows the performance improvement of the bug fixes.

In contrast to the other proposals, the results are reported against the bug fixed anchor, such that the BD rate gains may not fully be comparable.

· Test 2.1.6: BV binarization (JCTVC-R0181)

First a context coded flag is coded to indicate BVD is zero. When BVD is not zero, another flag is coded to indicate if absolute level of BVD is greater than 16. If BVD is greater than 16, the remaining absolute level is coded using bypass Exp-Golomb codes with order 5. Otherwise, the remaining absolute level is coded using fixed length bypass code of length 4. One flag is coded to indicate sign of the BVD. 

It may be noted that the binarization is same to Exp-Golomb codes with order equal to 4. Separate contexts for horizontal and vertical component are used for the above two prefix flags.
The proposed methods were implemented on top of SCM1.0 and simulated under the SCC common test conditions.
	 
	All Intra

	 
	2.1.2
	2.1.3M1
	2.1.3M2 
	2.1.4
	2.1.5
	2.1.6

	RGB, text & graphics with motion, 1080p
	-2.3%
	-2.5%
	-2.9%
	-2.4%
	-2.7%
	-2.9%

	RGB, text & graphics with motion,720p
	-1.3%
	-1.2%
	-1.4%
	-1.5%
	-1.7%
	-1.7%

	RGB, mixed content, 1440p
	-0.8%
	-0.9%
	-1.1%
	-0.7%
	-0.8%
	-0.9%

	RGB, mixed content, 1080p
	-1.0%
	-1.1%
	-1.4%
	-0.9%
	-1.1%
	-1.2%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	-0.1%
	0.0%
	0.0%
	0.0%
	-0.1%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-2.9%
	-3.0%
	-3.5%
	-3.1%
	-3.2%
	-3.7%

	YUV, text & graphics with motion,720p
	-1.6%
	-1.5%
	-1.7%
	-1.7%
	-2.1%
	-2.3%

	YUV, mixed content, 1440p
	-1.0%
	-1.2%
	-1.4%
	-0.9%
	-1.1%
	-1.2%

	YUV, mixed content, 1080p
	-1.2%
	-1.4%
	-1.6%
	-1.1%
	-1.3%
	-1.4%

	YUV, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%

	

	Enc Time[%]
	101%
	100%
	100%
	99%
	113%
	99%

	Dec Time[%]
	103%
	99%
	98%
	94%
	99%
	97%


Note: “Regular” means “context coded”

(for RA and LD refer to R0342)
	 
	Complexity

	 
	SCM
	2.1.2 (CE)
	2.1.3
	2.1.4
	2.1.5
	2.1.6

	Binarization as in HEVC
	Yes
	No
	No
	No
	No
	No

	# regular bins per BV
	4
	2
	4
	4
	2 + 2(rice/not coded)
	4

	# additional contexts
	0
	0
	0
	0
	2 (rice ctx)
	2

	Adaptation scheme
	Fixed
	Fixed
	Fixed
	Slice level
	Block (PU) level
	Fixed

	Separated Ctx between component
	No
	Yes
	No
	No
	Yes
	Yes

	Exp-Golomb Order
	1
	3
	3
	1 or 4

(Adaptive)
	No
	4

	Change to Gr1 flag
	No
	Yes

(Removed)
	No
	No
	Yes

(removed)
	Yes

(Gr16)

	Additional Bins
	No
	No
	1 or 2 Bypass bins
	No
	No
	No

	Rice
	No
	No
	No
	No
	0 to 7
	No


From follow-up track B discussion:

Decision: Adopt R0186 IBC BV binarization method, modified by the bug fix (bug in TM) as reported in R0081.

The text was inspected in track B and asserted to be appropriate.
All methods improve substantially compared against the previous TM

No pairwise comparison available, not known how the differences compared against TM would translate into actual benefit of the new proposals against the CE method which has been thoroughly investigated

Continue CE on vector entropy coding, investigating the other proposals 74, 88, 123, 181 and also R0134.
Inter binarization methods

· Test 2.2.1: Vector residual coding for Inter and IBC modes (JCTVC-R0088)

MVD binarization is modified A slice level flag is added to switch between the Golomb order (1 and 4) for Inter. At encoder side, Golomb order is determined from the previous frame statistics.

· Test 2.2.2: BV binarization (JCTVC-R0181)

MVD binarization is modified: First a context coded flag is coded to indicate MVD is zero. When MVD is not zero, another flag is coded to indicate if absolute level of MVD is greater than 1. If MVD is greater than 1, the remaining absolute level is coded using bypass Exp-Golomb codes with order 3. Separate contexts for horizontal and vertical component are used for the above two prefix flags. 

From follow-up track B discussion:

Further study of R0088 and R0181 in CE

The BoG also studied the following bug-fixes applied in R0123:

#define BUGFIX_FULL_FRAME_SEARCH_PREDICTORS               1

#define BUGFIX_Q0175                                      1 

#define BUGFIX_COMP_SIGNED_UNSIGNED                       1 // bug fix comp sign / const unsigned

The impact of the bug fix relative to the TM anchor is shown below. According to the opinion of the experts participating in the BoG, since the same bug also was present all proposals except for R0123, it is asserted that a similar gain would apply when the bug fix would be performed.
	
	All Intra 

	
	G/Y
	B/U
	R/V

	RGB, text & graphics with motion, 1080p
	-1.6%
	-1.7%
	-1.7%

	RGB, text & graphics with motion,720p
	-1.3%
	-1.4%
	-1.3%

	RGB, mixed content, 1440p
	-0.7%
	-0.7%
	-0.7%

	RGB, mixed content, 1080p
	-0.8%
	-0.8%
	-0.8%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-1.6%
	-1.7%
	-1.7%

	YUV, text & graphics with motion,720p
	-1.5%
	-1.5%
	-1.5%

	YUV, mixed content, 1440p
	-0.8%
	-0.8%
	-0.8%

	YUV, mixed content, 1080p
	-0.8%
	-0.7%
	-0.8%

	YUV, Animation, 720p
	0.0%
	0.0%
	-0.1%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	101%

	Dec Time[%]
	101%

	
	
	
	

	
	Random Access 

	
	G/Y
	B/U
	R/V

	RGB, text & graphics with motion, 1080p
	-0.9%
	-0.9%
	-1.0%

	RGB, text & graphics with motion,720p
	-0.9%
	-0.8%
	-0.9%

	RGB, mixed content, 1440p
	-0.3%
	-0.4%
	-0.3%

	RGB, mixed content, 1080p
	-0.5%
	-0.6%
	-0.6%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%

	YUV, text & graphics with motion, 1080p
	-0.9%
	-0.8%
	-0.8%

	YUV, text & graphics with motion,720p
	-0.9%
	-0.8%
	-0.9%

	YUV, mixed content, 1440p
	-0.5%
	-0.7%
	-0.5%

	YUV, mixed content, 1080p
	-0.6%
	-0.8%
	-0.6%

	YUV, Animation, 720p
	-0.1%
	-0.2%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	102%

	Dec Time[%]
	101%

	
	
	
	

	
	Low delay B 

	
	G/Y
	B/U
	R/V

	RGB, text & graphics with motion, 1080p
	-0.6%
	-0.6%
	-0.5%

	RGB, text & graphics with motion,720p
	-0.4%
	-0.4%
	-0.3%

	RGB, mixed content, 1440p
	-0.3%
	-0.4%
	-0.2%

	RGB, mixed content, 1080p
	-0.4%
	-0.2%
	-0.7%

	RGB, Animation, 720p
	-0.1%
	0.0%
	0.1%

	RGB, camera captured, 1080p
	-0.1%
	0.0%
	-0.1%

	YUV, text & graphics with motion, 1080p
	-0.5%
	-0.6%
	-0.6%

	YUV, text & graphics with motion,720p
	-0.2%
	-0.1%
	-0.4%

	YUV, mixed content, 1440p
	-0.1%
	-0.3%
	-0.7%

	YUV, mixed content, 1080p
	-0.1%
	-0.7%
	0.2%

	YUV, Animation, 720p
	-0.1%
	-0.5%
	-0.3%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	-0.1%

	Enc Time[%]
	103%

	Dec Time[%]
	101%


5.1.2 SCCE1 primary contributions (14)
JCTVC-R0061 SCCE1 Test 3.4: IntraBC BV prediction [X. Xu, S. Liu (MediaTek)]

JCTVC-R0081 SCCE1: Test 3.3 - BV prediction using the three last predictors [G. Laroche, T. Poirier, C. Gisquet, P. Onno (Canon)]

JCTVC-R0097 SCCE1: Result of Test 2.2 2.3 and 4.2 [B. Li, J. Xu (Microsoft)]

JCTVC-R0116 SCCE1 Test 4.1: Symmetric intra block copy [K. Zhang, J. An, X. Zhang, H. Huang, S. Lei (MediaTek)]

JCTVC-R0133 SCCE1: Test 3.5 - Block vector difference coding [S.-T. Hsiang, T.-D. Chuang, S. Lei (MediaTek)]

JCTVC-R0141 SCCE1: Result of Test 1.2 for IBC with constrained buffers from left CTUs [W. Wang, Z. Ma, M. Xu, H. Yu (Huawei Technologies)]

JCTVC-R0184 SCCE1: Test 1.1 – Intra block copy with different search areas [C. Pang, J. Sole, M. Karczewicz (Qualcomm)]

JCTVC-R0185 SCCE1: Test 3.1 – Block vector prediction method for Intra block copy [C. Pang, Y. Chen, J. Sole, M. Karczewicz (Qualcomm)]

JCTVC-R0186 SCCE1: Test 3.6 – Block vector coding for Intra block copy [C. Pang, K. Rapaka, J. Sole, M. Karczewicz (Qualcomm)]

JCTVC-R0187 SCCE1: Test 5.2 – Combination of Test 3.1 and Test 3.6 [C. Pang, Y. Chen, K. Rapaka, J. Sole, M. Karczewicz (Qualcomm)]

JCTVC-R0190 SCCE1 Test 2.1: IntraBC coded as Inter PU [X. Xu, S. Liu, S. Lei (MediaTek)]

JCTVC-R0191 SCCE1 Test 5.1: Combination tests of 2.1, 2.3 and 2.4 [X. Xu, S. Liu, S. Lei (MediaTek)]

JCTVC-R0240 SCCE1 subtest 3.2: Ping-Pong block vector predictor test [L. Zhu, J. Xu, G. J. Sullivan, Y. Wu, S. Sankuratri, B. A. Kumar (Microsoft)]

JCTVC-R0241 SCCE1 subtest 2.4: AMP for Intra BC prediction [L. Zhu, J. Xu, G. J. Sullivan, Y. Wu, S. Sankuratri, B. A. Kumar (Microsoft)]

5.1.3 SCCE1 cross checks (16)

JCTVC-R0090 SCCE1: Cross-check of Test 3.2 [P. Onno (Canon)] [late]

JCTVC-R0107 SCCE1: Cross-check of test 3.3 (JCTVC-R0081) [B. Li, J. Xu (Microsoft)] [late]

JCTVC-R0108 SCCE1: Cross-check of test 4.1 (JCTVC-R0116) [B. Li, J. Xu (Microsoft)]

JCTVC-R0129 Crosscheck of SCCE1 Test 2.1 on IBC as Inter PU [R.-L. Liao, C.-C. Chen, W. H. Peng, H.-M. Hang (NCTU/ITRI)]

JCTVC-R0138 SCCE1: Crosscheck of SCCE1 Test 3.6 - BVD binarization and coding [S.-T. Hsiang, T.-D. Chuang (MediaTek)]

JCTVC-R0171 SCCE1: Crosscheck report of SCCE1 test 2.3 Merge mode [Y. He, Y. Ye (InterDigital)]

JCTVC-R0192 Cross check of SCCE1 Test 3.1: Block vector prediction method for Intra block copy [X. Xu, S. Liu (MediaTek)] [late]

JCTVC-R0193 Cross check of SCCE1 Test 5.2: combination of 3.1 and 3.6 [X. Xu, S.-T. Hsiang (MediaTek)] [late]

JCTVC-R0195 Cross check of SCCE1 Test 2.2: Intra block copy skip mode [C. Pang (Qualcomm)]

JCTVC-R0196 Cross check of SCCE1 Test 3.5: BVD coding for Intra block copy [C. Pang (Qualcomm)]

JCTVC-R0211 SCCE1: Cross-verification of test1.2 results [M. Zhou (Broadcom)]

JCTVC-R0244 Cross check of ‘SCCE1: Test 1.1 – Intra block copy with different search areas’ (JCTVC-R0184) by Qualcomm [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0245 Cross check of ‘SCCE1 subtest 2.4: AMP for Intra BC prediction’ (JCTVC-R0241) by Microsoft [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0246 Cross check of ‘SCCE1 Test 5.1: Combination tests of 2.1, 2.3 and 2.4’ (JCTVC-R0191) by Mediatek [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0248 SCCE1: Cross-check results of Test 3.4 [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)] [late]
JCTVC-R0273 Crosscheck for SCCE1 Test 4.2 in JCTVC-R0097 [K. Zhang (MediaTek)] [late]

5.2 SCCE2: Line-based intra copy (5)

5.2.1 SCCE2 summary and general discussion (1)

(chaired by JRO, 07-01 afternoon/evening)
JCTVC-R0032 SCCE2: Summary Report of HEVC Screen Content Coding Core Experiment 2 on Line-based Intra Copy [C.-C. Chen, X. Xu, L. Zhang (CE coordinators)]

Test B: Line-based Intra Copy with 2-D BV and PU-level Splitting
· Proposal: (JCTVC-R0131)

· X-checker: (JCTVC-R0183)

· Description: It is proposed to performing intra copy for lines at PU level with 2-D BV for each line. In addition, a flag is present at PU level to indicate whether the row-wise splitting or the column-wise splitting is in use.
· Lossy Results:
	
	All Intra
	Random Access
	Low Delay B

	
	G/Y
	B/U
	R/V
	G/Y
	B/U
	R/V
	G/Y
	B/U
	R/V

	RGB, text & graphics w/ motion, 1080p
	-7.1%
	-7.1%
	-7.1%
	-4.1%
	-4.1%
	-4.2%
	-2.6%
	-2.6%
	-2.5%

	RGB, text & graphics w/ motion,720p
	-3.2%
	-3.1%
	-3.1%
	-2.4%
	-2.2%
	-2.4%
	-1.5%
	-1.4%
	-1.4%

	RGB, mixed content, 1440p
	-2.9%
	-2.9%
	-2.9%
	-2.2%
	-2.0%
	-2.1%
	-1.3%
	-1.4%
	-1.2%

	RGB, mixed content, 1080p
	-3.6%
	-3.8%
	-3.9%
	-2.6%
	-2.8%
	-2.7%
	-1.2%
	-1.3%
	-1.3%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	-0.1%
	0.0%
	-0.1%
	-0.1%
	-0.1%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%
	0.0%

	YUV, text & graphics w/ motion, 1080p
	-6.7%
	-6.6%
	-6.6%
	-3.7%
	-4.0%
	-3.9%
	-2.2%
	-2.3%
	-2.4%

	YUV, text & graphics w/ motion,720p
	-2.6%
	-2.9%
	-3.4%
	-2.0%
	-2.3%
	-2.5%
	-0.7%
	-1.3%
	-1.5%

	YUV, mixed content, 1440p
	-2.3%
	-2.7%
	-2.9%
	-1.4%
	-2.1%
	-2.3%
	-0.6%
	-1.6%
	-1.9%

	YUV, mixed content, 1080p
	-3.2%
	-3.9%
	-3.7%
	-2.4%
	-3.4%
	-3.1%
	-0.7%
	-2.4%
	-0.8%

	YUV, Animation, 720p
	0.0%
	-0.1%
	-0.1%
	0.0%
	-0.2%
	0.0%
	0.0%
	-0.4%
	-0.1%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%

	Enc Time[%]
	115%
	103%
	103%

	Dec Time[%]
	101%
	102%
	102%


· Lossless Results:
	
	All Intra
	Random Access
	Low Delay B

	
	Avg.
	Min
	Max
	Avg.
	Min
	Max
	Avg.
	Min
	Max

	RGB, text & graphics w/ motion, 1080p
	6.6%
	4.3%
	10.4%
	4.1%
	1.7%
	7.6%
	3.0%
	1.3%
	5.0%

	RGB, text & graphics w/ motion,720p
	1.8%
	0.5%
	3.3%
	1.0%
	0.3%
	2.8%
	0.7%
	0.2%
	1.9%

	RGB, mixed content, 1440p
	1.0%
	0.6%
	1.4%
	0.2%
	0.1%
	0.3%
	0.2%
	0.0%
	0.3%

	RGB, mixed content, 1080p
	1.3%
	1.3%
	1.3%
	0.2%
	0.2%
	0.2%
	0.1%
	0.1%
	0.1%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics w/ motion, 1080p
	6.6%
	4.3%
	10.3%
	4.2%
	2.0%
	7.7%
	3.1%
	1.5%
	5.3%

	YUV, text & graphics w/ motion,720p
	2.1%
	0.4%
	4.8%
	1.3%
	0.3%
	4.1%
	0.9%
	0.2%
	2.7%

	YUV, mixed content, 1440p
	1.0%
	0.5%
	1.4%
	0.2%
	0.1%
	0.3%
	0.1%
	0.0%
	0.3%

	YUV, mixed content, 1080p
	1.3%
	1.3%
	1.3%
	0.2%
	0.2%
	0.2%
	0.1%
	0.1%
	0.1%

	YUV, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	122%
	103%
	102%

	Dec Time[%]
	102%
	102%
	101%


Test C: Test B + Constrained PU-level Splitting
· Proposal: (JCTVC-R0131)

· X-checker: (JCTVC-R0249)

· Description: This test imposes an additional constraint on Test B, which requires that all the PUs within a CU use the same form of line splitting, row-wise or column-wise. Only one flag needs to be signaled at the CU level to indicate which mode is in use.

· Lossy Results:
	
	All Intra
	Random Access
	Low Delay B

	
	G/Y
	B/U
	R/V
	G/Y
	B/U
	R/V
	G/Y
	B/U
	R/V

	RGB, text & graphics w/ motion, 1080p
	-7.0%
	-7.0%
	-6.9%
	-4.1%
	-4.0%
	-4.0%
	-2.5%
	-2.4%
	-2.3%

	RGB, text & graphics w/ motion,720p
	-3.2%
	-3.2%
	-3.2%
	-2.3%
	-2.2%
	-2.4%
	-1.5%
	-1.4%
	-1.5%

	RGB, mixed content, 1440p
	-2.8%
	-2.7%
	-2.8%
	-2.1%
	-1.9%
	-1.9%
	-1.1%
	-1.3%
	-1.1%

	RGB, mixed content, 1080p
	-3.7%
	-3.8%
	-3.8%
	-2.6%
	-2.7%
	-2.7%
	-1.3%
	-1.3%
	-1.3%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics w/ motion, 1080p
	-6.6%
	-6.5%
	-6.5%
	-3.6%
	-3.9%
	-3.9%
	-2.2%
	-2.4%
	-2.5%

	YUV, text & graphics w/ motion,720p
	-2.5%
	-3.0%
	-3.3%
	-2.1%
	-2.6%
	-2.6%
	-0.9%
	-1.1%
	-1.8%

	YUV, mixed content, 1440p
	-2.2%
	-2.7%
	-2.9%
	-1.3%
	-2.4%
	-2.1%
	-0.7%
	-1.7%
	-1.8%

	YUV, mixed content, 1080p
	-3.2%
	-3.9%
	-3.7%
	-2.4%
	-3.1%
	-3.0%
	-0.5%
	-2.0%
	-0.4%

	YUV, Animation, 720p
	0.0%
	-0.1%
	-0.1%
	-0.1%
	-0.2%
	0.0%
	-0.1%
	-0.5%
	-0.2%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	0.1%
	0.0%
	0.1%
	-0.1%

	Enc Time[%]
	113%
	103%
	103%

	Dec Time[%]
	101%
	104%
	103%


· Lossless Results:
	
	All Intra
	Random Access
	Low Delay B

	
	Avg.
	Min
	Max
	Avg.
	Min
	Max
	Avg.
	Min
	Max

	RGB, text & graphics w/ motion, 1080p
	6.5%
	4.3%
	10.2%
	4.0%
	1.7%
	7.4%
	3.0%
	1.3%
	4.9%

	RGB, text & graphics w/ motion,720p
	1.7%
	0.5%
	3.2%
	1.0%
	0.3%
	2.7%
	0.7%
	0.2%
	1.8%

	RGB, mixed content, 1440p
	1.0%
	0.6%
	1.4%
	0.2%
	0.1%
	0.4%
	0.2%
	0.0%
	0.3%

	RGB, mixed content, 1080p
	1.3%
	1.3%
	1.3%
	0.2%
	0.2%
	0.2%
	0.1%
	0.1%
	0.1%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics w/ motion, 1080p
	6.5%
	4.3%
	9.9%
	4.1%
	2.0%
	7.5%
	3.1%
	1.6%
	5.1%

	YUV, text & graphics w/ motion,720p
	2.1%
	0.4%
	4.6%
	1.3%
	0.3%
	3.9%
	0.9%
	0.2%
	2.6%

	YUV, mixed content, 1440p
	1.0%
	0.5%
	1.4%
	0.2%
	0.1%
	0.3%
	0.2%
	0.0%
	0.3%

	YUV, mixed content, 1080p
	1.3%
	1.3%
	1.3%
	0.2%
	0.2%
	0.2%
	0.1%
	0.1%
	0.1%

	YUV, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	121%
	104%
	102%

	Dec Time[%]
	99%
	104%
	102%


Test D: Test C + Block Vector Merging
· Proposal: (JCTVC-R0131)

· X-checker: (JCTVC-R0194)

· Description: To reduce BV overhead for Test C, this test reuses one previously decoded BV for representing the BV of the current line, and no block vector difference needs to be signaled. A flag is present for each line to switch adaptively between BV merging and BV difference coding.

· Lossy Results:
	
	All Intra
	Random Access
	Low Delay B

	
	G/Y
	B/U
	R/V
	G/Y
	B/U
	R/V
	G/Y
	B/U
	R/V

	RGB, text & graphics w/ motion, 1080p
	-6.9%
	-6.9%
	-6.9%
	-3.9%
	-3.9%
	-3.9%
	-2.3%
	-2.3%
	-2.1%

	RGB, text & graphics w/ motion,720p
	-3.2%
	-3.2%
	-3.3%
	-2.4%
	-2.3%
	-2.3%
	-1.6%
	-1.4%
	-1.5%

	RGB, mixed content, 1440p
	-2.7%
	-2.6%
	-2.7%
	-1.9%
	-1.8%
	-1.9%
	-1.1%
	-1.1%
	-1.0%

	RGB, mixed content, 1080p
	-3.6%
	-3.6%
	-3.7%
	-2.6%
	-2.6%
	-2.7%
	-1.2%
	-1.3%
	-1.2%

	RGB, Animation, 720p
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	-0.1%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics w/ motion, 1080p
	-6.6%
	-6.6%
	-6.5%
	-3.6%
	-3.8%
	-3.8%
	-2.1%
	-2.3%
	-2.3%

	YUV, text & graphics w/ motion,720p
	-2.7%
	-3.0%
	-3.3%
	-2.0%
	-2.4%
	-2.5%
	-0.8%
	-1.2%
	-1.8%

	YUV, mixed content, 1440p
	-2.1%
	-2.6%
	-2.8%
	-1.3%
	-2.1%
	-2.2%
	-0.6%
	-1.4%
	-1.5%

	YUV, mixed content, 1080p
	-3.0%
	-3.7%
	-3.6%
	-2.3%
	-3.1%
	-3.1%
	-0.6%
	-2.2%
	-0.7%

	YUV, Animation, 720p
	-0.1%
	-0.2%
	-0.2%
	0.0%
	-0.2%
	0.1%
	-0.1%
	-0.4%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%
	-0.1%

	Enc Time[%]
	115%
	104%
	102%

	Dec Time[%]
	103%
	101%
	101%


· Lossless Results:
	
	All Intra
	Random Access
	Low Delay B

	
	Avg.
	Min
	Max
	Avg.
	Min
	Max
	Avg.
	Min
	Max

	RGB, text & graphics w/ motion, 1080p
	7.3%
	4.9%
	11.2%
	4.6%
	2.0%
	8.3%
	3.4%
	1.4%
	5.6%

	RGB, text & graphics w/ motion,720p
	2.0%
	0.5%
	3.8%
	1.2%
	0.3%
	3.2%
	0.8%
	0.3%
	2.1%

	RGB, mixed content, 1440p
	1.1%
	0.6%
	1.6%
	0.2%
	0.1%
	0.3%
	0.2%
	0.0%
	0.3%

	RGB, mixed content, 1080p
	1.4%
	1.4%
	1.4%
	0.2%
	0.2%
	0.2%
	0.1%
	0.1%
	0.1%

	RGB, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	RGB, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, text & graphics w/ motion, 1080p
	7.4%
	5.0%
	11.1%
	4.7%
	2.3%
	8.5%
	3.6%
	1.8%
	5.9%

	YUV, text & graphics w/ motion,720p
	2.4%
	0.5%
	5.5%
	1.5%
	0.3%
	4.7%
	1.0%
	0.2%
	2.9%

	YUV, mixed content, 1440p
	1.1%
	0.5%
	1.6%
	0.2%
	0.1%
	0.3%
	0.2%
	0.0%
	0.3%

	YUV, mixed content, 1080p
	1.4%
	1.4%
	1.4%
	0.3%
	0.3%
	0.3%
	0.1%
	0.1%
	0.1%

	YUV, Animation, 720p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	YUV, camera captured, 1080p
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	117%
	102%
	101%

	Dec Time[%]
	98%
	102%
	102%


Line base intra copy invoked at CU level (line means either horizontal or vertical 1D structure). Coding of displacement (2D) is done as in IBC, i.e. differential with reference to previous value. The structure can only be outside the current CU

Test B: signalling about using horizontal or vertical structure is done at PU level

Test C: signalling about using horizontal or vertical structure is done at CU level

Test D: Test C with modified signalling, where a flag indicates that the previous vector is not changed

The implemented syntax would basically allow full-frame range, but the encoder restricts the search in all cases within 2 CTU. There are also some further constraints on restricting the search range to horizontal or vertical-only. Further results about full-frame search are reported in non-CE proposals (R0132).

No analysis performed w.r.t. worst case memory bandwidth (which may also be different for the horizontal and vertical modes, depending on memory access arrangement).

Worst case number of context-coded should also be studied. It could happen that a new displacement vector needs to be signalled for each 1x4 or 4x1 structure within a 4x4 PU.

Presentation of R0132: This allows any 2D displacement within current picture. However, most of the additional gain is already available when searching only 2 CTUs over all possible 2D displacements.

CE2 to be continued

- Investigate benefit in comparison to restricted and full-frame IBC

- Investigate implications w.r.t. worst case memory bandwidth and CABAC throughput in the same fashion as it is done for IBC. Furthermore, investigate possible impact on decoder processing pipeline, particularly w.r.t. the new contribution R0281.

5.2.2 SCCE2 primary contributions (1)

JCTVC-R0131 SCCE2: Line-based Intra Copy with 2-D BV and PU-level Splitting (Test B), and Its Variants with Constrained PU-level Splitting (Test C) and BV Merging (Test D) [T.-S. Chang, C.-C. Chen, R.-L. Liao, C.-W. Kuo, W.-H. Peng, H.-M. Hang (NCTU), T. Lin, L. Zhao (Tongji Univ.), C.-C. Lin, F.-D. Jou (ITRI)]

5.2.3 SCCE2 cross checks (3)

JCTVC-R0183 Cross check of SCCE2 Test-B: Line-based Intra Copy with 2-D BV and PU-level Splitting (JCTVC-R0131) [K. Rapaka (Qualcomm)] [late]

JCTVC-R0194 Cross check of SCCE2 Test D: Line-based Intra Copy with 2-D BV and PU-level Splitting and BV Merging [X. Xu, S. Liu (MediaTek)] [late]

JCTVC-R0249 SCCE2: Cross-check of Test C [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)] [late]
5.3 SCCE3: Palette mode (50)

5.3.1 SCCE3 summary and general discussion (1)

(chaired by JRO, 07-02 morning)
JCTVC-R0033 SCCE3: Summary report of CE on palette mode [Y.-W. Huang, P. Onno, R. Joshi, R. Cohen, X. Xiu, Z. Ma (CE coordinators)]
Cat. A: Palette Table Coding
(A.1 was withdrawn)
Test A.2 – Palette coding and palette predictor updates

· Proponent: JCTVC-Q0033/JCTVC-Q0083, JCTVC-R0119

· Crosschecker: JCTVC-R0091

· Description:

This test evaluates performance of the palette predictive coding technique. The palette is predictive encoded by a palette copy mode and a palette modification mode. In the palette copy mode, the palette will be the same as the predictor. In the palette modification mode, the palette will be derived from the predictor according to the signaled modification information. The palette predictor will be updated according to modification and fully propagated to the next palette coded CU.
Test A.3 – Palette stuffing

· Proponent: JCTVC-Q0063, JCTVC-R0082

· Crosschecker: JCTVC-R0205
· Description:

It is proposed to combine the last coded palette and the last predictor palette by stuffing unused elements of the last predictor at the end of the last coded palette, using the resulting palette as predictor for the next palette-coded CU, and signalling when there are no predicted elements. This predictor and flags can then be used to determine the current CU palette.
Test A.4 – Color table processing

· Proponent: JCTVC-Q0034/JCTVC-Q0176, JCTVC-R0142

· Crosschecker: JCTVC-R0297

· Description:

It is proposed to derive color table using packed (interleaved) components together. It includes color table merge from neighboring blocks as implicit signaling method. It further contains the inter table color sharing and intra table color DPCM as explicit signaling mechanism.

Test A.5 – Palette table prediction
· Proponent: JCTVC-Q0037, JCTVC-R0166

· Crosschecker: JCTVC-R0092

· Description:

A representative color dictionary is used to store the representative colors from previously coded palette tables in previous CUs. When coding the current CU, the representative color dictionary is used to predict the representative colors in the current palette table. After the current CU is coded, the representative color dictionary is updated by: 1) adding the representative colors in the current CU into the dictionary, and 2) removing old representative colors from the dictionary adaptively. Additionally, a palette table skip mode is applied to directly re-use the representative color dictionary for the current CU. The signaling of the position of the last predictable palette table entry will be tested.

Test A.6 – Palette table generation
· Proponent: JCTVC-Q0037, JCTVC-R0167
· Crosschecker: JCTVC-R0250
· Description:

At the encoder side, an improved palette table generation method is applied to generate the representative colors in the palette table. The proposed palette table generation consists of three main steps: 1) representative color initialization, 2) representative color refinement, and 3) RDO based palette table entry selection. The histogram based method is used to calculate an initial set of M representative colors in the current CU. In the second step, for each quantization zone, the refined representative color is calculated as the weighted average of all the colors within that quantization zone.

Test A.7 – Encoder-improved palette generation

· Proponent: JCTVC-Q0031/JCTVC-Q0047, JCTVC-R0064

· Crosschecker: JCTVC-R0172

· Description:

In this test, improvement of palette generation is investigated. The main steps are the use of histogram of the pixel values in a CU to derive the palette, use of rate-distortion checking to prune the palette (decide whether pixels should be coded as escape pixel or as index), use of centroids in deriving the final palette. Results for subsets of these steps will also be provided.
Test A.8 – Improvements on palette prediction vector signaling

· Proponent: JCTVC-Q0031/JCTVC-Q0225, JCTVC-R0063
· Crosschecker: JCTVC-R0207
· Description:

In this test, methods of coding the binary predictor vector are investigated. A hierarchical binary tree data structure is used to code the binary palette predictor vector. Use of contexts for encoding the higher levels of the tree, starting and stopping the coding of the binary tree at various levels in the hierarchy will be evaluated. Sending the number of ones in the binary predictor vector or the total number of palette entries before sending the bits will also be tested. Additionally, these methods will be tested on top of palette stuffing.
Test A.9 – Long-term palette prediction
· Proponent: JCTVC-Q0071, JCTVC-R0047
· Crosschecker: JCTVC-R0093
· Description:

This test evaluates performance of the long-term palette prediction technique. The proposed method signals a long-term palette at the slice header to be used in the coding of the palette of a CU that is coded with palette mode within that slice. Long term palette information signaled at the slice header consists of the size and entries of the long term palette. At CU level, while coding the palette of a CU, for each palette entry that is not predicted from a previous slice, one bit is signaled to indicate whether this entry is copied from the long term palette or explicitly signaled. If the bit indicates the entry is copied from the long term palette, then the index of the entry within the long term palette is signaled.
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Summary of Category A Techniques

A.2 (MediaTek) Full Prediction flags
A.3 (Canon) Stuffing Reuse flags, stop bits sent at
fixed positions
A.4 (Huawei) Last coded with Inter & intra palette
maximum CU size, prediction
stuffing
Stuffing Reuse flags, stop bits sent
when reuse flag==1

N/A

A.5 (InterDigital)

A.6 (InterDigital), N/A
encoder-only

A.7 (Qualcomm), N/A
encoder-only

A.8 (Qualcomm) Stuffing Reuse flags, group coding

N/A

A.9 (Nokia) Long-term Reuse flags





(Results relative to JCTVC-R0094, bug fixed version of palette method used in AHG)
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(A.8 plus sharing would be best solution? Complexity of grouping vs. stopping?)

(Long term/A.9 additional gain?)

Test B: Color index map coding

Test B.1 – Line-based color index map coding

· Proponent: JCTVC-Q0033/JCTVC-Q0083, JCTVC-R0121

· Crosschecker: JCTVC-R0251

· Description:

The color indices of all samples in the CU are coded line by line. For each sample line, an “index line mode” is signaled to indicate the coding mode. The index line mode includes vertical mode, horizontal mode, and normal mode:

· If the vertical mode is selected, the color indices of the current line are copied from the above line.
· Else if the horizontal mode is selected, one color index is signaled and the color indices of all rest samples in the current line are set to the signaled color index.
· Else (the normal mode is selected), the color indices of the line are signaled sample by sample. For each sample, a color prediction index is signaled to specify how to predict the color index, and a color index of the sample is transmitted directly when the color prediction index indicates no prediction.

The index coding in normal mode includes the methods described in Test B.2, Test B3, and Test B.4 in line-based color index map coding, as shown in JCTVC-Q0083, while Test B.2, Test B3, and Test B4 are in run-based color index map coding.
Test B.2 – Transition copy mode

· Proponent: JCTVC-Q0033/JCTVC-Q0083, JCTVC-R0120

· Crosschecker: JCTVC-R0252

· Description:

Transition copy (TC) candidates are considered as one of the prediction modes in the color index map coding. In each CU, a TC table inherits the TC table of the previous CU. The TC table is maintained as the samples in the CU are coded. The input of the TC table is called a pilot color index and is set to the color index of the left sample, and the outputs of the TC table are TC color indices, where the indices are likely to occur right after an occurrence of the pilot color index. The color indices in TC table are updated according to coded samples.

(Test B.3 – Candidate-based color index map coding was withdrawn)

Test B.4 – Adaptive color index map scan

· Proponent: JCTVC-Q0033/JCTVC-Q0083, JCTVC-R0057

· Crosschecker: JCTVC-R0298

· Description:

This test evaluates performance of the adaptive color index map scan technique. For a palette coded CU, if the proposed tool is signaled to be enabled, the sample position axes for the color index map will be swapped before being encoded.
Test B.5 – Palette index coding

· Proponent: JCTVC-Q0064, JCTVC-R0083

· Crosschecker: JCTVC-R0069

· Description:

It is proposed to use two code lengths depending on the index, as well as removing impossible values from the set instead of using FLC as in AHG10 software.
Test B.6 – Transition copy mode

· Proponent: JCTVC-Q0065, JCTVC-R0084

· Crosschecker: JCTVC-R0275

· Description:

A new index prediction method is proposed. It uses the position of so-called transitions to determine a position from which the prediction copies indexes. This test describes a simpler prediction method that encodes a run of values being the expected transition.
Test B.7 – Run coding

· Proponent: JCTVC-Q0066, JCTVC-R0085

· Crosschecker:, JCTVC-R0210
· Description:

It is proposed to limit the number of runs coded after a palette index for the run mode. A syntax element is transmitted for each palette CU to determine when not to decode the run.
Test B.8 – Color index map processing

· Proponent: JCTVC-Q0034/JCTVC-Q0176, JCTVC-R0143

· Crosschecker: JCTVC-R0302

· Description:

This test evaluates the color index map coding using 1D and 2D string match based index compression.

Test B.9 – BWT-based index grouping

· Proponent: JCTVC-Q0037, JCTVC-R0168

· Crosschecker: JCTVC-R0094

· Description:

The Burrows–Wheeler transform (BWT) is used to increase the correlation between adjacent positions in the palette index map. The BWT is applied before encoding the palette index map. After scanning each position as a 1-D index sequence, this sequence is fed into the BWT process and the end position is also coded as BWT side-information (overhead) for decoder side reconstruction. Due to the side information needed for BWT reconstruction, a 1-bit flag for each CU is used to indicate if the BWT is performed or not. The BWT with adaptive scanning methods will be tested to get best performance.
Test B.10 – Palette index value mapping

· Proponent: JCTVC-Q0037, JCTVC-R0169

· Crosschecker: JCTVC-R0070

· Description:

To reduce the magnitude of the coded palette index value, the palette index value is mapped before being coded. The proposed palette index value mapping consists of two main steps: 1) reduce palette index value by comparing to the last compared palette index (LCPI), and 2) mapping of escape color index. In the first step, the palette index value is reduced by 1 if the palette index value is larger than its LCPI. In the second step, the index value of escape color pixels is set to a smaller index value, and the other entries in the palette table are shifted backward by 1 position. In addition, different escape color representation method will be tested.

Test B.11 – Escape color prediction

· Proponent: JCTVC-Q0037, JCTVC-R0170

· Crosschecker: JCTVC-R0247

· Description:

Escape color prediction method is used to code the escape colors efficiently. A flag is signaled to indicate if every color component of the current escape color pixel is the same as the previous escape color pixel or not. And if not (flag is equal to 0), the current escape color value is predicted from an entry in the palette table. The index value of the table entry used for prediction, along with the prediction difference (including absolute difference and the sign bit), are signaled to the decoder. This test is applied for lossless coding only.
It is reported that this method gives 1.5% bit rate reduction in the lossless coding case. It should be further investigated in an ongoing CE on top of the new palette coding of SCM.
Test B.12 – Binarization of escape sample and palette index
· Proponent: JCTVC-Q0031/JCTVC-Q0047, JCTVC-R0065

· Crosschecker: JCTVC-R0127
· Description:

Alternatives to fixed length binarization of escape pixel and index coding are tested in this experiment. Variable length binarization (e.g. truncated binary code) will be applied for coding of escape pixel and palette index coding. Index adjustment as described in JCTVC-Q0047 will also be tested.

Test B.13 – Flag to indicate escape and index coding

· Proponent: JCTVC-Q0031/JCTVC-Q0047, JCTVC-R0066
· Crosschecker: JCTVC-R0299

· Description:

Instead of assigning an index to indicate escape pixel, a flag is used to indicate whether the current pixel is an escape pixel or index coded. Modifications to the signaling scheme to accommodate this flag will also be tested.
Test B.14 – Restricted run coding

· Proponent: JCTVC-Q0071, JCTVC-R0045

· Crosschecker: missing
· Description:

This test evaluates performance of the run mode restriction technique. The proposed method signals which palette indexes have “palette_run” associated with them in “run mode” and which don’t. For the palette indexes for which the palette_run is not signaled those are assumed to be 0. This avoids signaling unnecessary run-length information for “stand-alone” samples that are not repeating consequently within the block. A single CU level syntax element is included in the bitstream to indicate the maximum palette index for which the “palette_run” is indicated.

Test B.15 – Scanning indicator for the palette coded CUs

· Proponent: JCTVC-Q0071, JCTVC-R0048

· Crosschecker: missing
· Description:

This test evaluates performance of the palette CU scanning technique. The proposed method signals whether the palette coded CU is scanned in horizontal or vertical scan order. Proposed method does not change the coding/decoding of the remaining syntax elements of the palette coded CU.
 (Results relative to JCTVC-R0094, bug fixed version of palette method used in AHG)
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Category C – 

From the discussion:

There are likely parsing dependencies in various proposals, particularly in “restricted run signalling” which requires decoded index values to determine existence of subsequent syntax elements, and eventually in “redundant index removal” which may require reconstructed values to determine which syntax element is mapping to the escape symbol. 

B1 and B8 are not built on top of R0094. The gains reported may be resulting partially from other elements (see combinations in C1 and C3, respectively.

Cat. C: Combinations of palette table coding and color index map coding

Test C.1 – Combination of Test A.2 and Test B.1

· Proponent: JCTVC-Q0033/JCTVC-Q0083, JCTVC-R0122

· Crosschecker: JCTVC-R0095

· Description:

This test combines Test A.2 and Test B.1, which cover the triplet palette representation and coding and the line-based color index map coding.

Test C.2 – Combination of palette coding tools

· Proponent: JCTVC-Q0069, JCTVC-R0086

· Crosschecker: JCTVC-R0294

· Description:

This test includes JCTVC-Q0063, JCTVC-Q0064, JCTVC-Q0065, JCTVC-Q0066, and encoding choices. It is related to the combinations of the aforementioned tools. Encoding choices will incorporate further improvements related to said combinations, as well as palette derivation and palettization process improvements.

Test C.3 – Combination of Test A.4 and Test B.8

· Proponent: JCTVC-Q0034/JCTVC-Q0176, JCTVC-R0144

· Crosschecker: JCTVC-R0295

· Description:

This test combines aforementioned tools in Test A.4 and Test B.8, which covers color table processing using packed components and string match based index map coding.

Test C.4 – Combination of Tests A.3, Test A.7, Test A.8, Test B.12, and Test B.13

· Proponent: JCTVC-Q0031/JCTVC-Q0047/JCTVC-Q0225, JCTVC-R0067
· Crosschecker: JCTVC-R0296

· Description:

A combination of palette stuffing (A.3), encoder palette improvements (Test A.7), binary prediction vector signaling (Test A.8), truncated binary coding of indices (Test B.12), and a flag to indicate escape pixel or index value (Test B.13) will be tested. Combinations of subsets of these methods will also be tested.

Results:
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Results of Category C Tests (1/2)

* Anchor: Q0094BF palette

RGB, text & graphics with motion, 1080p.
RGB, text & graphics with motion,720p
RGB, mixed content, 1440p

RGB, mixed content, 1080p

RGB, Animation, 720p

RGB, camera captured, 1080p

YUV, text & graphics with motion, 1080p
YUV, text & graphics with motion,720p
YUV, mixed content, 1440p

YUV, mixed content, 1080p

YUV, Animation, 720p

YUV, camera captured, 1080p

Enc Time[%] 106% 106% 91% 114% 101% 111%
Dec Time[%] 96% 95% 80% 109% 100% 112%
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FF-IBC Condition

RGB, text & graphics with motion, 1080p.
RGB, text & graphics with motion,720p
RGB, mixed content, 1440p

RGB, mixed content, 1080p

RGB, Animation, 720p

RGB, camera captured, 1080p

YUV, text & graphics with motion, 1080p
YUV, text & graphics with motion,720p
YUV, mixed content, 1440p

YUV, mixed content, 1080p

YUV, Animation, 720p

YUV, camera captured, 1080p

Enc Time[%]

Dec Time[%]

107%
98%

107%
97%
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(Supplemental results are extensions by some non-normative improvements. It is mentioned that such an extension also exists for C3 – R0268, giving additional gain by extending the search range into 4x2 CTU instead 4x1)
Next steps:

BoG (Y.-W. Huang, R. Cohen):

· Analyze the cat. C proposals in terms of complexity (memory bandwidth, CABAC throughput, number of operations per CU/sample etc., parsing dependencies

· Perform a similar analysis for cat. A and B, and suggest a useful combination of methods that provide reasonable performance vs. complexity tradeoff

See notes relating to R0346.

Cat. D: Single color mode
Test D.1 – Single color mode

· Proponent: JCTVC-Q0033/JCTVC-Q0093, JCTVC-R0058
· Crosschecker: JCTVC-R0160

· Description:

In the proposed scheme, one flag is signaled in the slice header to enable the single color mode for the entire slice. When the slice-level flag is enabled, one CU-level flag is further signaled to indicate the enabling of the single color mode for coding each CU.

To reconstruct a CU coded as single color mode, a sample color candidate list is first constructed by using the spatial neighboring samples of current CU in a predefined order into the candidate list. A redundancy pruning process is applied to the construction of sample candidate list. After the pruning process, if empty entry exists, a default candidate (e.g. value equal to 1<<(g_bitDepth-1)) will be used to fill in those empty entries. After the sample candidate list is constructed, a sample candidate index is signaled in the bitstream to indicate which sample candidate is used to fill the current CU.
Test D.2 – Independent uniform prediction
· Proponent: JCTVC-Q0036, JCTVC-R0200

· Crosschecker: JCTVC-R0265

· Description:

In Independent Uniform Prediction (IUP), a small set of color triplets is available to each CU for generating a uniform prediction block for each color component, where all pixels in the predictor block have the same value as the corresponding element in the color triplet selected from the set. This predictor block is then treated as in other prediction methods, where the predictor is added to the reconstructed residual block to form the reconstructed block in the decoder.

Discussion:

D1 determines two candidate color from 5 neighbored samples (by pruning tha candidate list) and signals explicitly which is used for reconstruction (no residual)

D2 signals up to two colors explicitly for the entire slice and allows signalling at CU level which of them is used.

BR reduction approx. 0.5-1% AI, 0.2-0.6% for RA/LD for screen content material (when palette is on), additional gain when palette is off

Both methods are disabled at slice level when not useful. This disabling is implicit in the D2 optimization (when no relevant dominant color is found), and done based on statistics of previous slice (with same temporal level) for D1. Question: Would benefit for D1 still be observable when it was always enabled? Not known.

Generally, since the suitability for screen content is obvious, support for the basic concept is expressed by other experts, Some preference is expressed for method D1 due to its local operation.

Two non-CE proposals (R0198, R0112) exist with similar method as D1 that could give either further simplification or other improvement.

The question was also raised where the mode is signalled (A: after IBC flag), and whether this is the appropriate place – clarify whether it is considered as intra or inter (A: treated like intra) in de-blocking.

Was revisited in context of non-CE proposals Sat. morning. It was concluded to continue this CE, to identify whether these relatively simple methods still give benefit in comparison to new version of TM and new palette, and if yes, which of them is the best approach.
5.3.2 SCCE3 primary contributions (23)

JCTVC-R0045 SCCE3: Test B.14 – Restricted run coding [J. Lainema, K. Ugur, D. Bugdayci (Nokia)]

JCTVC-R0047 SCCE3: Test A.9 – Long-term palette prediction [D. B. Sansli, J. Lainema, K. Ugur (Nokia)]

JCTVC-R0048 SCCE3: Test B.15 – Scanning indicator for the palette coded CUs [D. B. Sansli, J. Lainema, K. Ugur (Nokia)]

JCTVC-R0057 SCCE3 Test B.4: Adaptive color index map scan [Y.-C. Sun, T.-D. Chuang, Y.-W. Chen, X. Zhang, Y.-W. Huang, S. Lei (MediaTek)]

JCTVC-R0058 SCCE3 Test D.1: Single color intra mode for screen content coding [Y.-W. Chen, Y.-C. Sun, Y.-W. Huang, S. Lei (MediaTek)]

JCTVC-R0063 SCCE3: Test A.8 – Improvements on Palette Prediction Vector Signaling [M. Karczewicz, W. Pu, V. Seregin, R. Joshi, J. Sole (Qualcomm)]

JCTVC-R0064 SCCE3: Test A.7 – Encoder-Improved Palette Generation [W. Pu, V. Seregin, R. Joshi, M. Karczewicz, J. Sole (Qualcomm)]

JCTVC-R0065 SCCE3: Test B.12 – Binarization of Escape Sample and Palette Index [W. Pu, V. Seregin, R. Joshi, M. Karczewicz, J. Sole (Qualcomm)]

JCTVC-R0066 SCCE3: Test B.13 – Flag to Indicate Escape and Index Coding [W. Pu, R. Joshi, M. Karczewicz, J. Sole, V. Seregin (Qualcomm)]

JCTVC-R0067 SCCE3: Test C.4 – Combination of Tests A.3, A.7, A.8, B.12, and B.13 [W. Pu, V. Seregin, R. Joshi, M. Karczewicz, J. Sole (Qualcomm)]

JCTVC-R0119 SCCE3 Test A.2: Palette coding and palette predictor updates [Y.-C. Sun, P. Lai, T.-D. Chuang, Y.-W. Chen, S. Liu, Y.-W. Huang, S. Lei (MediaTek)]

JCTVC-R0120 SCCE3 Test B.2: Transition copy mode [Y.-C. Sun, T.-D. Chuang, Y.-W. Chen, Y.-W. Huang, S. Lei (MediaTek)]

JCTVC-R0121 SCCE3 Test B.1: Line-based color index map coding [T.-D. Chuang, Y.-C. Sun, S.-T. Hsiang, Y.-W. Chen, Y.-W. Huang, S. Lei (MediaTek)]

JCTVC-R0122 SCCE3 Test C.1: Combination of SCCE3 Test A.2 and Test B.1 [T.-D. Chuang, Y.-C. Sun, P. Lai, S.-T. Hsiang, X. Zhang, Y.-W. Chen, Y.-W. Huang, S. Lei (Mediatek)]

JCTVC-R0142 SCCE3 Test A.4: color table signaling with merge, sharing and DPCM [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)]

JCTVC-R0143 SCCE3 Test B.8: String Search for Color Index Map Coding [Z. Ma, W. Wang, M. Xu, H. Yu (Huawei Technologies)]

JCTVC-R0144 SCCE3 Test C.3: Combined Color Table and Index Map Coding of A.4 and B.8 [Z. Ma, W. Wang, M. Xu, H. Yu (Huawei Technologies)]

JCTVC-R0166 SCCE3: Test A.5 - Palette table prediction [Y. He, X. Xiu, Y. Ye, C.-M. Tsai (InterDigital)]

JCTVC-R0167 SCCE3: Test A.6 - Palette table generation [Y. He, X. Xiu, Y. Ye, C.-M. Tsai (InterDigital)]

JCTVC-R0168 SCCE3: Test B.9 - BWT-based index grouping [C.-M. Tsai, Y. He, X. Xiu, Y. Ye (InterDigital)]

JCTVC-R0169 SCCE3: Test B.10 - Palette index value mapping [C.-M. Tsai, Y. He, X. Xiu, Y. Ye (InterDigital)]

JCTVC-R0170 SCCE3: Test B.11 - Escape color prediction [C.-M. Tsai, Y. He, X. Xiu, Y. Ye (InterDigital)]

JCTVC-R0200 SCCE3 Test D.2: Independent Uniform Prediction (IUP) Mode [X. Zhang, R. Cohen (MERL)]

5.3.3 SCCE3 cross checks (26)

JCTVC-R0069 Crosscheck SCCE3: Test B.5 – Palette Index Coding [W. Pu (Qualcomm)] [late]

JCTVC-R0070 Crosscheck SCCE3: Test B.10 – Palette Index Value Mapping [W. Pu (Qualcomm)] [late]

JCTVC-R0091 SCCE3: Cross-check of Test A.2 [C. Gisquet (Canon)] [late]

JCTVC-R0092 SCCE3: Cross-check of Test A.5 [C. Gisquet (Canon)] [late]

JCTVC-R0093 SCCE3: Cross-check of Test A.9 [C. Gisquet (Canon)] [late]

JCTVC-R0094 SCCE3: Cross-check of Test B.9 [P. Onno (Canon)] [late]

JCTVC-R0095 SCCE3: Cross-check of Test C.1 [P. Onno (Canon)] [late]

JCTVC-R0127 Cross check of ‘SCCE3: Test B.12 – Binarization of Escape Sample and Palette Index’ (JCTVC-R0065) by Qualcomm [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0160 Crosscheck of SCCE3 Test D.1 Single Color Mode [X. Zhang, R. Cohen (MERL)]

JCTVC-R0172 SCCE3: crosscheck report of SCCE3 test A.7 encoder-improved palette generation [Y. He, Y. Ye (InterDigital)]

JCTVC-R0205 Cross-check SCCE3: Test A.3 - Palette Stuffing [X. Xiu, Y. He, Y. Ye (InterDigital)] [late]

JCTVC-R0207 Cross-check SCCE3: Test A.8 - Improvements on palette prediction vector signaling [X. Xiu, Y. He, Y. Ye (InterDigital)] [late]

JCTVC-R0210 Cross-check SCCE3: Test B.7 - Run coding [J.-Y. Kao, X. Xiu, Y. He, Y. Yan (InterDigital)]

JCTVC-R0247 Cross check of ‘SCCE3: Test B.11 - Escape color prediction’ (JCTVC-R0170) by Interdigital [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0250 SCCE3: Cross-check results of Test A.6 [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)] [late]
JCTVC-R0251 SCCE3: Cross-check results of Test B.1 [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)] [late]
JCTVC-R0252 SCCE3: Cross-check results of Test B.2 [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)] [late]
JCTVC-R0265 SCCE3: crosscheck report of SCCE3 test D.2 on independent uniform prediction [Y.-W. Chen, Y.-W. Huang (MediaTek)] [late]

JCTVC-R0275 SCCE3: Cross-check of test B.6 (JCTVC-R0084) [C.-H. Hung, C.-L. Lin, Y.-J. Chang, C.-C. Lin, J.-S. Tu (ITRI)] [late]

JCTVC-R0294 Crosscheck of SCCE3 Test C.2 [T.-D. Chuang (MediaTek)] [late]

JCTVC-R0295 Crosscheck of SCCE3 Test C.3 [T.-D. Chuang (MediaTek)] [late]

JCTVC-R0296 Crosscheck of SCCE3 Test C.4 [T.-D. Chuang (MediaTek)] [late]

JCTVC-R0297 Crosscheck of SCCE3 Test A.4 [Y.-C. Sun (MediaTek)] [late]

JCTVC-R0298 SCCE3: Cross-check of Test B.4 (JCTVC-R0057) [X. Guo (Microsoft)] [late]

JCTVC-R0299 SCCE3: Cross-check of Test B.13 (JCTVC-R0066) [X. Guo (Microsoft)] [late]

JCTVC-R0302 SCCE3: Cross-check of JCTVC-R0143 on SCCE3 Test B.8 [F. Zou (Qualcomm)] [late]

JCTVC-R0326 SCCE3: Cross-check results of restricted run coding for palette coding (JCTVC-R0045) [K. Kawamura, S. Naito (KDDI)] [late]

JCTVC-R0327 SCCE3: Cross-check results of scanning indicator for palette coding (JCTVC-R0048) [K. Kawamura, S. Naito (KDDI)] [late]

5.4 SCCE4: String matching for sample coding (10)

5.4.1 SCCE4 summary and general discussion (1)

(chaired by JRO, 07-01 evening)
JCTVC-R0034 SCCE4: Summary Report on string matching for sample coding [Y. Chen, J. Xu]
JCTVC-R0098 

The 1-D dictionary is enabled at the CU level with both horizontal scanning and vertical scans. Per-pixel matching is used for string matching. There are two types of 1-D dictionary mode, line based 1-D matching and shape based 2-D matching. 

In the first 1D matching mode, the previous coded pixels using 1-D dictionary mode are kept in the dictionary (which is dynamically updated). In this mode, prediction mode and direct mode are allowed. If a matching is found, an offset (the offset relative to the position of the current pixel in the dictionary) and a matching length are signaled, otherwise the pixel value is signaled directly.  The above two cases are called prediction mode and escape mode respectively. 
In the second 2D matching mode, all the previously reconstructed pixels can be used for prediction. Similar to 1D matching mode, 2D matching mode has prediction mode and escape mode. If a matching is found, a 2D MV and a matching length are signaled, otherwise, the pixel value is also signaled directly. Note that in 2D matching, when the current region starts a new row or column, the pixel used for prediction also starts a new row or column, as shown in the following figure. There is no additional memory requirement at the decoder side.
JCTVC-R0140 

1D dictionary is enabled at the CU level but with a search range constrained to the current CTU and left CTU. The proposed method utilizes horizontal scan only and per-pixel matching. The proposed method utilizes 2D matching mode thus can share the same reconstruction buffer as in intra BC, with up to 2CTU search range. It supports prediction mode and escape mode. The previously coded pixels within the current CU are allowed to be chosen as reference pixels. 
JCTVC-R0060 

1D dictionary is enabled at the CU level, but based on sample matching: instead of matching three components of a full pixel, sample matching can take one sample of a pixel and then either stop or go to the next sample of the same pixel. The proposed method utilizes horizontal scan only and is based on 1D matching mode. It supports also prediction and escape mode. In the 1D matching mode, 1-D distance (pos) is used to represent 2-D displacement with the basic unit of sample instead of pixel. The maximum matching string length is extended from 273 to 12288. It is found that the matching string length has unusual characteristic that many special and large values such as multiples of 3 and multiples of the current CU width occur much more frequently than many other small values. Based on the characteristics, a mapping of the string length values to two matching parameters (pos and len) is introduced to improve the coding efficiency for length values. A histogram-based qp-dependent color quantization scheme is used as a pre-processing step of the input pixels to enable lossy match at the encoder side. 
JCTVC-R0145 

1D dictionary is enabled at the CU level but with a search range constrained to the current CTU and three left CTUs. The proposed method utilizes horizontal scan and per-pixel matching. The 1D string matching can be based on either 1D matching mode or 2D matching mode. Compared to other CE proposals, different approaches for both prediction mode and escape mode are used. In the prediction mode, residual can be signaled with the normal HEVC residue coding. In the escape mode, if the color value can be found in an adaptive color table, the index to it rather than the color value itself is coded, otherwise, the color value is coded and the adaptive color table is updated based on the color value. The adaptive table is derived at the decoder unless if it contains only one entry. In that case, the adaptive table is signaled. 
The experimental results of the proposed methods are presented in Table 1. All the simulations are conducted on top of SCM1.0, and SCC common test conditions are used. The BD-rates are provided for the lossy configuration. 

Table 1 Lossy results in full frame intra BC
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G/Y B/U R/V G/Y B/U R/V G/Y B/U R/V

RGB, text & graphics with motion, 1080p -21.3% -22.1% -22.0% -13.3% -14.3% -14.4% -8.7% -9.6% -9.6%

RGB, text & graphics with motion,720p -13.0% -13.4% -13.2% -12.3% -12.5% -12.6% -7.3% -7.5% -7.4%

RGB, mixed content, 1440p -2.5% -2.5% -2.5% -2.8% -2.6% -2.6% -1.9% -2.1% -2.0%

RGB, mixed content, 1080p -6.0% -6.1% -6.0% -4.5% -4.8% -4.7% -2.5% -2.7% -2.7%

RGB, Animation, 720p 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1%

RGB, camera captured, 1080p 0.0% 0.0% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 0.1%

YUV, text & graphics with motion, 1080p -20.7% -21.3% -20.6% -12.9% -14.6% -14.3% -7.4% -9.5% -9.2%

YUV, text & graphics with motion,720p -10.4% -12.7% -14.3% -10.2% -13.3% -14.5% -5.9% -8.2% -9.1%

YUV, mixed content, 1440p -2.0% -2.2% -2.1% -1.5% -2.5% -2.3% -1.2% -2.2% -2.3%

YUV, mixed content, 1080p -5.1% -5.2% -4.8% -4.3% -4.7% -4.1% -1.4% -3.2% -1.6%

YUV, Animation, 720p 0.1% 0.0% 0.0% 0.2% -0.1% 0.3% 0.1% -0.1% 0.3%

YUV, camera captured, 1080p 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.1% 0.2% 0.2%

Enc Time[%]

Dec Time[%]

JCTVC-R0140

G/Y B/U R/V G/Y B/U R/V G/Y B/U R/V

RGB, text & graphics with motion, 1080p -11.7% -12.0% -12.0% -6.9% -7.3% -7.4% -3.5% -3.9% -3.9%

RGB, text & graphics with motion,720p -5.1% -5.1% -5.2% -5.0% -4.7% -5.0% -2.9% -2.8% -2.8%

RGB, mixed content, 1440p -0.5% -0.5% -0.5% -0.9% -0.8% -0.8% -0.6% -0.8% -0.5%

RGB, mixed content, 1080p -1.5% -1.5% -1.3% -1.8% -1.9% -1.6% -0.9% -0.7% -1.2%

RGB, Animation, 720p 0.0% 0.0% 0.0% 0.0% -0.1% 0.0% 0.1% 0.0% 0.1%

RGB, camera captured, 1080p 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

YUV, text & graphics with motion, 1080p -10.5% -11.3% -10.7% -6.7% -7.8% -7.5% -2.8% -4.1% -3.7%

YUV, text & graphics with motion,720p -3.7% -5.1% -6.4% -4.4% -5.8% -7.0% -2.9% -3.8% -4.8%

YUV, mixed content, 1440p -0.3% -0.9% -0.7% -0.3% -1.4% -1.2% -0.7% -1.4% -1.5%

YUV, mixed content, 1080p -0.7% -0.9% -0.8% -1.0% -2.1% -1.7% -0.3% -1.5% 0.0%

YUV, Animation, 720p 0.0% 0.0% 0.0% 0.1% 0.1% 0.3% 0.1% -0.2% -0.1%

YUV, camera captured, 1080p 0.0% 0.0% 0.0% 0.1% 0.0% 0.2% 0.1% 0.1% 0.1%

Enc Time[%]

Dec Time[%]

JCTVC-R0060

G/Y B/U R/V G/Y B/U R/V G/Y B/U R/V

RGB, text & graphics with motion, 1080p -14.1% -14.4% -14.3% -8.6% -9.2% -9.2% -4.6% -5.2% -5.2%

RGB, text & graphics with motion,720p -8.7% -8.2% -8.3% -9.1% -8.3% -8.5% -5.9% -5.4% -5.6%

RGB, mixed content, 1440p -1.4% -1.3% -1.2% -2.6% -2.1% -2.1% -2.2% -2.2% -1.8%

RGB, mixed content, 1080p -2.8% -2.9% -2.7% -3.3% -3.3% -3.1% -2.7% -2.8% -2.9%

RGB, Animation, 720p 0.0% 0.0% 0.0% 0.1% 0.0% 0.1% 0.2% 0.0% 0.1%

RGB, camera captured, 1080p 0.0% 0.0% 0.0% 0.1% 0.1% 0.1% 0.0% 0.1% 0.0%

YUV, text & graphics with motion, 1080p -14.5% -15.8% -15.0% -9.2% -11.4% -11.1% -4.2% -5.2% -4.9%

YUV, text & graphics with motion,720p -7.2% -9.6% -11.7% -7.8% -10.3% -12.3% -4.7% -7.5% -9.2%

YUV, mixed content, 1440p -1.0% -2.5% -2.3% -1.4% -4.2% -3.8% -1.5% -4.7% -4.4%

YUV, mixed content, 1080p -2.8% -5.2% -4.7% -3.0% -6.2% -5.8% -1.9% -6.5% -4.5%

YUV, Animation, 720p 0.1% 0.0% 0.0% 0.1% -0.1% 0.1% 0.2% -0.1% 0.0%

YUV, camera captured, 1080p 0.0% 0.0% 0.1% 0.1% -0.1% 0.1% 0.1% 0.1% -0.1%

Enc Time[%]

Dec Time[%]

JCTVC-R0145

G/Y B/U R/V G/Y B/U R/V G/Y B/U R/V

RGB, text & graphics with motion, 1080p -11.4% -11.7% -11.5% -6.9% -7.3% -7.3% -4.2% -4.6% -4.5%

RGB, text & graphics with motion,720p -6.4% -5.6% -5.9% -6.5% -5.3% -5.8% -4.6% -3.9% -4.1%

RGB, mixed content, 1440p -1.7% -1.4% -1.3% -2.2% -1.6% -1.6% -2.1% -1.8% -1.6%

RGB, mixed content, 1080p -3.6% -3.8% -3.4% -4.1% -4.1% -3.6% -3.2% -3.3% -3.1%

RGB, Animation, 720p 0.0% -0.1% -0.1% 0.0% -0.1% 0.0% 0.0% 0.1% 0.1%

RGB, camera captured, 1080p 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0%

YUV, text & graphics with motion, 1080p -11.7% -13.4% -12.2% -7.1% -9.8% -9.0% -3.7% -6.0% -5.5%

YUV, text & graphics with motion,720p -5.3% -7.5% -9.2% -5.5% -7.7% -9.3% -3.4% -5.5% -6.6%

YUV, mixed content, 1440p -1.2% -3.4% -3.3% -1.5% -5.2% -4.8% -1.3% -5.1% -4.9%

YUV, mixed content, 1080p -3.4% -6.7% -6.9% -3.6% -8.3% -8.4% -1.7% -7.1% -5.5%

YUV, Animation, 720p 0.1% -0.1% -0.1% 0.1% -0.3% -0.1% 0.0% -0.3% 0.0%

YUV, camera captured, 1080p 0.0% 0.0% 0.0% 0.1% 0.1% 0.2% 0.1% 0.0% 0.0%

Enc Time[%]

Dec Time[%]
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204%
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Random Access 

104%
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Random Access 

109%

109%
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All Intra 

99%

97%

Random Access 

122%

102%

Low delay B 

113%

102%

Low delay B 

107%

100%

All Intra 
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All Intra 
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102%

Random Access 

109%

101%

 
Some properties of CE proposals are compared in Table 2 and Table 3. As shown in these tables, commonalities may be identified among the CE proposals. The major difference of the proposed method, in terms of coding efficiency, encoder, decoder memory and complexity may be mainly due to different encoder optimizations. 

Comparison of the key technical aspects of the CE proposals (1/2)

	Proposal
	Scan
	Min. run
	Matching modes
	Search Range
	Res. Coding
	Additional dec. Buffer
	Lossy enc. Match

	R0098/3.1
	V&H
	1 pixel
	1D/2D
	Full frame
	No
	1M pixels
	No

	R0140/3.2
	H
	1 pixel
	2D
	2 CTU
	No
	None
	No

	R0060/3.3
	H
	1 sample
	1D
	Full frame
	No
	4K/3~4M/3 pixels
	Yes

	R0145/3.4
	H
	1 pixel
	1D/2D
	3 or 4?CTU
	Yes
	3x64x64 pixels
	No


Comparison of the key technical aspects of the CE proposals (2/2)

	Proposal
	Enc. Hash Table Size (Bytes)
	Eff. Highlight
	Enc. Time

AI, Other
	Dec. time 
	Miscellaneous

	R0098/3.1
	160 M B (1080p)
	-21.3%
	150%, 110%
	100%
	2D matching from pixels outside the current CU

	R0140/3.2
	64 K (2 CTUs)
	-11.7%
	190%, 115%
	100%
	2D matching from any decoded pixels of the current CU

	R0060/3.3
	16K~ 16M
(configurable)
	-14.1%
	140%, 110%
	105%
	Mapped table for offset/length coding

	R0145/3.4
	144 K (3 CTUs)
	-11.4%
	105%, 105%
	120%~180%
	Adaptive color table for escape pixel


Tests “1” and “2” were originally planned but did not turn out to be successful.

For “2D matching” (R0098, R0140, R0145), the differences compared to IBC are that 1) the minimum size is 1x1 sample, and 2) some of the proposals (except R0145) do not encode residual. For “1D matching” (R060, R0145), some additional decoder processing (re-organsation of samples in the dictionary) is necessary.

The different proposals show significant gains (10-20% for AI in screen content classes), depending on restrictions imposed.

It however appears that the complexity is significantly increased (worst case memory access and CABAC throughput clearly higher than in current HEVC).

Analysis is missing about complexity aspect (particularly w.r.t. worst case memory access, CABAC throughput and organization of the dictionary at the decoder). Breakout activity (Y. Chen, J. Xu) to make an initial assessment on this for the different proposals. See further notes under BoG report R0336.

The side activity should also investigate the new proposals (R0137, R0255) in the complexity investigation. R0137 might have impact on CABAC throughput (unknown whether it becomes worse), R0255 on worst case memory accesses (claims to become better). 

JCTVC-R0336 BoG on 1D dictionary [Y. Chen, J. Xu] [late]

(insert some info from BoG report)

It is pointed out in the discussion that the numbers, in terms of worst case memory bandwidth reported for runs>1, are likely not precise, because it may still happen that a string extends over more than one memory access pattern.

The worst case throughput per sample has not finally been analysed yet. The worst case per sample should be the runlength which has the maximum of the following expression: [numberbins_for_offset+numberbins_for_runlength]/runlength

The BoG suggests to rename the CE to "Intra string copy".

BoG meets again to discuss methods of complexity assessment and prepare the CE description. The method of complexity assessment is needed since every CE result needs to report about it.

It was also pointed out that the worst case memory bandwidth and CABAC throughput could be limited by imposing bitstream constraints, e.g. maximum number of runs allowed per CU, per CTU etc. Then however it would be necessary to impose such constraints already during the CE experimentation.
Plenary review 07-08 (GJS & JRO) p.m.

New analysis and CE plans were reported. Emphasis on 2D matching.
5.4.2 SCCE4 primary contributions (4)
JCTVC-R0060 SCCE4: Results of Test 3.3 [L. Zhao and some other authors from Tongji University and MediaTek who did not inform the chairs about renaming an existing document]

JCTVC-R0098 SCCE4: Result of Test 3.1 [B. Li, J. Xu (Microsoft)]

JCTVC-R0140 SCCE4: Test 3.2 Pixel based 1D dictionary coding [F. Zou, Y. Chen, J. Sole, M. Karczewicz (Qualcomm)]

JCTVC-R0145 SCCE4: Result of Test 4.3.4 for string search for sample coding [W. Wang, Z. Ma, M. Xu, H. Yu (Huawei Technologies)]

5.4.3 SCCE4 cross checks (5)

JCTVC-R0109 SCCE4: Cross-check of test 3.3 (JCTVC-R0060) [B. Li, J. Xu (Microsoft)] [late]

JCTVC-R0110 SCCE4: Cross-check of test 3.4 (JCTVC-R0145) [B. Li, J. Xu (Microsoft)]

JCTVC-R0130 Crosscheck of SCCE4 Test 3.1 on Combined Normal 1-D Dictionary Mode and Reconstruction Based 1-D Dictionary Mode [R.-L. Liao, C.-C. Chen, T.-S. Chang, W.-H. Peng, H.-M. Hang (NCTU/ITRI)]

JCTVC-R0197 SCCE4: Crosscheck results of Test 3.2 [J. Ye, S. Liu (MediaTek)] [late]

JCTVC-R0253 SCCE4: Cross-check result of Test 3.1 [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)] [late]
5.5 SCCE5: Inter-component prediction and adaptive colour transform (11)

5.5.1 SCCE5 summary and general discussion (1)

(chaired by JRO, 07-02 morning)
JCTVC-R0035 SCCE5: Summary report of HEVC Screen Content Coding Core Experiment 5 on Inter-component prediction and adaptive color transforms [X. Xiu, J. Chen (CE coordinators)]
Test 3.1.1: LM Chroma for intra mode (JCTVC-R0146)
· LM Chroma prediction mode which predicts chroma samples using linear combination of luma samples

· Essentially same to LM Chroma model as proposed in HEVC version 1, removing the luma sub-sampling.

· LM Chroma is only used in intra coded CU as one addition chroma intra mode.

· LM Chroma is enabled/disabled on PU basis.

· LM calculation is performed on TU basis.

· Averageperformance (full IntraBC lossy)

· AI

· G: -1.7%, B: -2.0%, R: -2.0%

· Y: -0.3%, U: -1.6%, V: -1.5%

· Avg enc time: 104%, avg dec time: 101%

· RA

· G: -1.0%, B: -1.2%, R: -1.3%

· Y: -0.2%, U: -1.4%, V: -1.2%

· Avg enc time: 101%, avg dec time: 101%

· LD

· G: -0.5%, B: -0.6%, R: -0.6%

· Y: 0.0%, U: -0.8%, V: -0.7%

· Avg enc time: 101%, avg dec time: 101%
Test 3.1.2: LM Chroma for intra mode and intra block copy mode (JCTVC-R0072)
· LM Chroma prediction mode which predicts chroma samples using linear combination of luma samples.

· R (Cr) can be predicted from either G (Y) or B (Cb) – signalled for each PU (otherwise, the method is similar to 3.1.1).

· LM Chroma is not jointly applied with CCP.

· LM Chroma is applied to intra mode and intra block copy mode.

· LM Chroma in intra mode

· LM Chroma is enabled/disabled on PU basis.

· LM calculation is performed on TU basis.

· LM Chroma in intra block copy mode

1. LM Chroma is enabled/disabled on PU basis.

2. LM calculation is performed on CU basis.

· Additional encoder only change

· A modified lambda for YCbCr sequences.

· Average performance (full IntraBC lossy)
Note: The gains reported below are partially obtained by using different lambda settings for luma in the RDO decisions. According to the summary report, the BR saving with unchanged lambda is approximately half.

· AI

· G: -3.9%, B: -4.5%, R: -4.6%

· Y: -1.9%, U: -1.9%, V: -1.9%

· Avg enc time: 114%, avg dec time: 101%

· RA

· G: -2.4%, B: -2.9%, R: -3.1%

· Y: -1.5%, U: -1.4%, V: -1.6%

· Avg enc time: 101%, avg dec time: 101%

· LD

· G: -1.2%, B: -1.5%, R: -1.6%

· Y: -1.1%, U: 0.2%, V: 0.3%

· Avg enc time: 101%, avg dec time: 100%
Test 3.1.3: Alpha parameter signaling for inter-component prediction (JCTVC-R0115)

· Two signaling methods are used to signal the alpha parameter in CCP.

· A PPS flag is added to indicate which signaling method is applied.

· Additional binarization method for the alpha parameter.

· Additional 10 contexts are used for the newly introduced syntax element log2_res_scale_pred_4minus and bypass coding is applied to log2_res_scale_neg.

· Average performance (full IntraBC lossy)

· AI

· G: -0.1%, B: -0.1%, R: -0.1%

· Avg enc time: 100%, avg dec time: 101%

· RA

· G: -0.2%, B: -0.1%, R: -0.2%

· Avg enc time: 99%, avg dec time: 99%

· LD

· G: -0.4%, B: -0.2%, R: -0.3%

· Avg enc time: 100%, avg dec time: 102%
Test 3.2.1: Adaptive color transform in residual domain (JCTVC-R0147)

· The method adaptively transforms prediction residuals of one color space into another at CU level.

· The method can be jointly applied with CCP.
· The method is applied to intra mode, intra block copy mode and inter mode.

· Two color space transforms are applied to lossy coding and lossless coding.

· Lossy coding

1. The YCoCg transform is applied.

2. QP − 5 is applied to code 
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 components and QP − 3 is applied to code 
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component, as the forward color transform is not normalized.

· Lossless coding

1. The YCoCg-R transform is applied.

· The CU level color space transform flag is only signaled when there is at least one non-zero coefficient in the current CU.

· Additional encoder only change for RGB coding

· Modified weighting parameter 
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 for chroma related RDO processes.

· When color space transform is used, IntraBC BV is determined in transformed color space for intra block copy mode.

· Average performance (full IntraBC lossy)

· AI

· G: -19.2%, B: -7.2%, R: -8.3%

· Y: -0.6%, U: -1.8%, V: -1.6%

· Avg enc time: 141%, avg dec time: 100%

· Informative (not in CE) gains compared against an out-of-loop YCoCg transform on average 6.6/6.1% for AI, 9.2/8.3% for RA, 6.2/4.5% for LD, for RGB-SC and RGB-all sequences.

· RA

· G: -21.8%, B: -7.7%, R: -9.3%

· Y: -0.4%, U: -1.9%, V: -1.5%

· Avg enc time: 110%, avg dec time: 96%

· LD

· G: -21.3%, B: -4.7%, R: -6.1%

· Y: -0.6%, U: -2.2%, V: -1.9%

· Avg enc time: 109%, avg dec time: 97%
Test 3.2.2: Adaptive color transform in pixel domain (JCTVC-R0099)

· Adaptive color space transform of GBR into YCoCg, RGB and BGR
· The method adaptively transforms prediction pixels into one of those color spaces at CU level.

· The method is only applied to intra mode. At most, 4*N + 1 neighboring pixels are converted into a specific color space. And the reconstructed pixels are needed to be converted back to GBR domain.

· Lossy coding

1. Color space transforms from GBR to YCoCg, RGB and BGR are enabled.

2. When YCoCg is used, QP − 5 is applied to code Y and Cg components and QP − 3 is applied to code Co component, as the color transform GBR->YCoCg is not normalized.

· Lossless coding

1. Color space transforms from GBR to RGB and BGR are enabled.

· Average performance (full IntraBC lossy)

· AI

· G: -11.9%, B: -7.0%, R: -7.9%

· Avg enc time: 179%, avg dec time: 103%

· RA

· G: -10.2%, B: -6.2%, R: -6.8%

· Avg enc time: 107%, avg dec time: 100%

· LD

· G: -5.9%, B: -3.8%, R: -3.8%

· Avg enc time: 106%, avg dec time: 99%

Discussion:

3.2.1 shows convincing results (also compared to out-of-loop transform) in compression of RGB sequences. It also improves for categories of sequences (e.g. anmated and mixed content) where other screen-content specific tools are not giving benefit. Further, it does not have a significant complexity impact (works in residual domain, where already similar cross-component dependencies exist due to CCP)

Decision: Adopt method from 3.2.1 (R0147) to SCC test model 
The draft text was inspected in track B and found to be sufficiently mature. The ControlPara should be renamed to better identify its function for the adaptive colour transform.
3.2.2 shows less benefit than than 3.2.1, and also has the disadvantage of performing the color transform in the pixel domain

3.1.1 shows only small gain, and would introduce cross-component dependencies in the pixel domain; ot of similar reasons, LM chroma had been rejected in the original HEVC design. No action.

3.1.2 shows higher gains than 3.1.1 (up to 1% rate reduction, less on average) but introduces even more irregular dependencies by switching the prediction references (sequence of components) at PU level. Such additional complexity does not justify adoption.

3.1.3 had originally been proposed for RExt (P0154), but had not been adopted. The number of context coded bins (at TU level) is increased by one compared to the alpha parameter coding that is currently existing. The additional gain for screen content is relatively low (0.1% AI, 0.2% RA, 0.4% LD). Not enough justification to change an existing coding tool for specific type of content.

5.5.2 SCCE5 primary contributions (6)

JCTVC-R0072 SCCE5 3.1.2: Extended inter-component prediction (JCTVC-Q0036) [A. Minezawa, K. Miyazawa, S. Sekiguchi (Mitsubishi)]

JCTVC-R0099 SCCE5: Result of Test 3.2.2 [B. Li, J. Xu (Microsoft)]

JCTVC-R0115 SCCE5 Test 3.1.3: Adaptive alpha-parameter coding in cross-component prediction [X. Zhang, K. Zhang, J. An, H. Huang, S. Lei (MediaTek)]

JCTVC-R0146 SCCE5: Result of Test 3.3.1 for modified LMChroma [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)]

JCTVC-R0278 Crosscheck for SCCE5 Test 3.1.1 in JCTVC-R0146 [X. Zhang (MediaTek)] [late]

JCTVC-R0147 SCCE5 Test 3.2.1: In-loop color-space transform [L. Zhang, J. Chen, J. Sole, M. Karczewicz (Qualcomm), X. Xiu, Y. He, Y. Ye (InterDigital)]

5.5.3 SCCE5 cross checks (4)

JCTVC-R0073 SCCE5: Cross-check on subtest 3.2.1 with disabling SAME_BD_YCOCG [A. Minezawa, K. Miyazawa, S. Sekiguchi (Mitsubishi)]

JCTVC-R0111 SCCE5: Cross-check of combination test in SCCE5 (JCTVC-R0147) [B. Li, J. Xu (Microsoft)]

JCTVC-R0177 SCCE5: Crosscheck report of SCCE5 test 3.1.2 Extended inter-component prediction [L. Zhang (Qualcomm)] [late]

JCTVC-R0254 SCCE5: Cross-check result of Test 3.2.2 [M. Xu, Z. Ma, W. Wang, H. Yu (Huawei Technologies)] [late]
JCTVC-R0328 SCCE5: Cross-check results of adaptive alpha-parameter coding in cross-component prediction (JCTVC-R0115) [K. Kawamura, S. Naito (KDDI)] [late]

6 Non-CE Technical Contributions (XX)
6.1 SHVC (11)

6.1.1 SCE1 related (colour gamut and bit depth scalability) (7)
Note that R0157 also contains one aspect regarding CGS.
JCTVC-R0151 Non-SCE1: Improved CGS partitioning on top of SHM-6 [X. Li, J. Chen, M. Karczewicz (Qualcomm), C. Auyeung (Sony), K. Misra, S.-H. Kim, A. Segall (Sharp), P. Bordes, P. Andrivon, E. François, F. Hiron (Technicolor)]

Discussed in Track A (GJS) on 2nd day (Tue) p.m.
Presenter was asked to upload presentation.
Relative to the current CGS function (with uniform partitioning of chroma) this proposal (which has non-uniform threshold positioning to segment each chroma compontent instead of always using mid-grey as the threshold).

The CGS LUT coefficient values (which do not have a range limit in the method tested in section 2 of the SCE) are restricted to be no more than 12 bits.

In addition, the CGS LUT coefficient coding proposed in JCTVC-R0163 is also enabled in this proposal.
luma gains were reported as: 1x AI 1.2%, 2x AI 0.9%, 1x RA 1.1%, 2xRA 0.4% (somewhat more in chroma).
The proposal requires one extra comparisons per chroma sample. However, there is a reduction in the number of additions in the mapping function.
Decision: Adopted.
JCTVC-R0300 Non-SCE1: improved residual coefficient coding for 3D LUT [Y. Ye, Y. He (InterDigital)] [late]

Discussed in Track A (GJS) on 2nd day (Tue) p.m.

This contribution proposes a change to the residual coefficient coding method proposed in JCTVC-R0151. It is asserted that having a more frequently updated 3D LUT causes the overall 3D LUT signaling overhead of JCTVC-R0151 to increase by 14% compared to SHM6.0 (at the PPS level, because more PPSs are sent, not because the amount of bits per PPS is increased). It is reported that the proposed change can reduce the overall signaling overhead of 3D LUT in JCTVC-R0151 by 8%. With the proposed change, the signalling overhead of 3D LUT using JCTVC-R0151 is reduced and reportedly becomes comparable to that of SHM6.0.
The contribution proposes to signal, within the PPS mapping information, as a 2-bit syntax element, the number of bits of precision used for the FLC part of the residual coefficients of the mapping function.
The coding efficiency is is reportedly essentially unaffected.
Decision: Adopted.
JCTVC-R0310 Non-SCE1: Crosscheck report of improved residual coefficient coding for 3D LUT (JCTVC-R0300) [X. Li (Qualcomm)] [late]
JCTVC-R0150 On CGS Signaling Improvement and Constraint [X. Li, J. Chen, M. Karczewicz (Qualcomm)]

Discussed 3rd day (Wed.) Track A (GJS) a.m.
This proposal includes five proposed modifications of colour gamut scalability in SHVC.

· To signal one reference layer id for the CGS LUT to indicate one reference layer which the specified LUT is applied to. If no action is taken, any picture that uses the PPS that contains the LUT would need to apply the colour mapping to all reference layers that it references. If adopted, it would not be possible to apply the mapping to more than one reference layer. In discussion it was suggested for the CGS LUT syntax structure to contain a loop that lists the layer IDs for which the LUT is applied. Decision: Add the suggested loop.

· Restrict the dynamic range of CGS LUT coefficients to 12 bits in CGS LUT. This is the range already used in the software, but not specified in the text. Decision: Add this constraint.

· Modify the CGS LUT chroma input and output bit depth signalling to the same way as the existing chroma bit depth signalling mechanism. Decision: Adopt.

· Restrict the input and output bit-depth of CGS module such that the input bit-depth is equal to that of the reference layer and the output bit-depth is not smaller than that of the reference layer or larger than that of the current layer. Decision: Adopt.

· Add a constraint that when CGS is enabled, the weighted prediction for the associated inter-layer reference picture must be disabled. No action was taken on this aspect, as the use of weighted prediction could have potential benefit and these processes are at different positions in the chain of processing flow (with resampling between them).
In the discussion, it was remarked that there is a constraint that the reference layer ID signalled for resampling data must be less than the layer ID of the picture that refers to the PPS, and noted that this constrains the ability to share PPSs by different layers. Decision: Remove that constraint.

JCTVC-R0256 Cross check of non-SCE1: Improved CGS partitioning on top of SHM-6 (JCTVC-R0151) [Y. Ye (InterDigital)] [late]
JCTVC-R0179 Non-SCE1: 3D LUT with larger sizes [Y. Ye, Y. He (InterDigital)]

Discussed 3rd day (Wed.) Track A (GJS) a.m.

3D LUT based Color Gamut Scalability was adopted into SHVC draft 6 at the 17th JCT-VC meeting. Although the current design limits the maximum size of 3D LUT to 8x2x2, it is reported that larger 3D LUT sizes can provide further performance benefits. Using SHM6.0 without any changes, and with 8x2x2 3D LUT as the anchors, 8x8x8 3D LUT and 8x4x4 3D LUT are reported to provide overall average {Y, U, V} BD-rate reduction of  {-1.2%, -2.2%, -2.6%}  and {-0.5%, -0.6%, -1.0%}, respectively. With an improved encoder design, the performance gain of 8x8x8 3D LUT and 8x4x4 3D LUT can reportedly be increased to {-1.6%, -3.3%, -4.0%} and {-0.7%, -1.1%, -1.5%}, respectively. It was asserted that the importance of allowing larger 3D LUT size will become more evident as the sample bit depth increases to 12-bit. It is suggested for the JCT-VC to discuss the maximum 3D LUT size.
With regard to the aspect of the contribution that discusses having a text description and syntax capable of indicating a larger LUT usage than what is allowed by the semantics, in the discussion, it was remarked that the degree of generality expressed in the text beyond what is allowed to be used with the associated syntax constraints (whether expressed in a profile or in semantics) is essentially an editorial matter only. In technical terms, this part of the contribution advocates not changing the actual syntax or associated constraints. Some degree of "speculative" generality in the text does not seem harmful in this case. So no action was taken in response to the discussion for this aspect (and no action was requested by the contribution).

The contribution proposes to allow 8x1x1 LUT usage, which is a smaller table and entails no extra complexity than the 8x2x2 case, but is currently disallowed. Decision: Allow 8x1x1 LUT.

The contribution also proposes a software/test model change to the encoding decision-making process for determining the size of the LUT to be used by the encoder, primarily for the "speculative" case of 8x8x8 LUT that is currently not allowed in the draft standard. An R-D method is proposed and disabling of PPS update under some circumstances are used. There is no R-D benefit (but no penalty) for the current allowed case of 8x2x2 resulting from this proposed change, but it was reported that the proposed modified method should speed up the encoding for RA encoding. The modified encoding method may be useful for future exploration work for study of larger LUT sizes. Decision (S/W): Adopt this modified encoding rule.

JCTVC-R0164 Bug fix in SHVC draft text [P. Bordes (Technicolor), Y. Ye (InterDigital)]

Discussed 3rd day (Wed.) Track A (GJS) a.m.

A change of the syntax of colour_mapping_octants() is proposed in this contribution, in order to arrange the explicitly-encoded vertices more uniformly in the colour mapping table. The performance and behaviour of the SHM encoder is reportedly not impacted by the bug fix.
The proposal relates to a case of syntax usage that is not used in the current encoding method.

Only the syntax table is proposed to be changed. The issue had been studied by some of the other participants already, and it was agreed that the (quite small) modification was desirable. Decision: Adopt.

JCTVC-R0242 Cross-Checking of Non-SCE1 JCTVC-R0179 [P. Bordes (Technicolor)] [late]
JCTVC-R0354 Specification text of colour mapping process [J. Chen, Y. Ye (editors)] [late] 

Discussed 07-06 p.m. in Track A (GJS).

This document was edited text prepared in response to the recorded meeting actions in this area. Decision (Ed.): It was agreed that this represents the intended outcome.
6.1.2 Upsampling process, phase offset (3)
See also AHG report R0013.
A BoG (E. Alshina) was asked to consider the remaining issues and check the recorded actions.

JCTVC-R0340 BoG on open issues in SHVC re-sampling [E. Alshina]

Reviewed in Track A (GJS) on 07-04 (Fri.) a.m.

A BoG meeting session was held on Wednesday July 2, 2014, 17:00 pm to 20:00 pm to clarify open issues mentioned in AhG13 report, verify adequacy of integration to SHVC draft test all agreed during this meeting action related to re-sampling process.
The desired phase range to support for 4:2:0 was identified as follows:

0 ≤ PhaseL < 32;

0 ≤ PhaseC+8 < 24+8/S.

Here S is inverse scaling factor.
It was thus concluded that the range for luma should be 0..31 and that the range for chroma should be 0..63.

This range was also considered adequate for non-4:2:0 usage.

The analysis and variants for signalling was summarized as follows, and the BoG seemed to have a slight preference for column C, although coding as ue(v) seemed to usually use fewer bits. It was remarked that the value 63 uses 13 bits when coded as ue(v).

Decision: Code as ue(v), with the range for luma being 0..31 and the range for chroma being 0..63, with offset of 8 for chroma.

	Syntax elements
	Theoretical range
	Default value
	Variants for signalling

	
	
	
	A
	B
	C

	phase_hor_luma
	0…31
	0
	ue(v)
	u(5)
	u(5)

	phase_ver_luma
	0…31
	0
	ue(v)
	u(5)
	u(5)

	phase_hor_chroma_plus8
	0…24+8/S
	8
	ue(v)
	ue(v)
	u(6)

	phase_ver_chroma_plus8
	0…24+8/S
	int(4/S+4)
	ue(v)
	ue(v)
	u(6)


For management of the dynamic range of the calculations in the resampling process, the BoG recommended the following:

· Not to allow the resampling process (for any particular picture) to be a downsampling process (either for texture or motion prediction), and

· Not to allow the resampling process to invoke a phase shift when the upsampling ratio is 1 (as a constraint on the values an encoder is allowed to send).

· Not to allow scaled_ref_layer_left(top/right/bottom)_offset and ref_layer_left(top/right/bottom)_offset to exceed the range −214 to 214− 1, inclusive, in order to keep a multiplier within 16 bits (and to have the same simple constraint range for all four of these syntax elements).
Decision: Agreed as above.

Editor action item: Avoid "the substring match problem" for the names of these syntax elements.

Decision: In other aspects for resampling and phase operations, the text changes recommended by AHG13 are adopted. A revised text to reflect these decisions will be uploaded with a new version of the BoG report. (For MV-HEVC, the presence of phase and ref_region_layer_left(top/right/bottom)_offset are to be prohibited.)
JCTVC-R0209 AHG13: Re-sampling process with generic phase [E. Alshina (Samsung)]

Reviewed in Track A (GJS) on 2nd day (Tue.) a.m.

This document explains the resampling process with generic phase (versus phase and delta as in the current draft) proposed by AHG13. Normative changes related to this contribution are part of recommendation of AHG13 where the "system of 3 flags" for resampling process phase derivation is replaced by explicit signaling for phases. This document describes proper settings of resampling phases for different use cases and estimates potential effect on accuracy of resampling process.
Editor action item: It was suggested to include, if feasible, some informative text about how to set the phase syntax element values (left to the discretion of the editors).

JCTVC-R0312 AHG13 Crosscheck for Re-sampling process with generic phase (JCTVC-R0209) [K. Minoo (Arris Group)] [late]

JCTVC-R0220 AHG13: On reference position calculation [T. Yamamoto, T. Takeshi, T. Ikai (Sharp)]

Reviewed in Track A (GJS) on 2nd day (Tue.) a.m.

In this contribution, three modifications relating to reference position calculation are proposed. Proposal 1 suggests signalling scaled reference layer offsets, reference layer offsets, and resample phases associated with the common reference layer in a single loop. Proposal 2 suggests the variables representing reference layer offsets to be derived using the prediction by the corresponding scaled reference layer offset. Proposal 3 suggests removing clipping in reference position calculation so that whole reference layer picture can be accessed.
The current Q1008 SHVC text uses the boundary clipping region in the reference layer as the boundary of the coded picture region, not the boundary of the reference region (and the "reference region" is not a concept found in the Q1008 text). The proposal does not suggest changing that. In the discussion, one participant indicated that for some uses it could be preferable to clip to the boundary of the reference region (e.g., if the region outside of that boundary is black bars or an independently coded region). However, several other participants suggested that changing this would add significant extra complexity and thus would be undesirable – so no action was taken on that.
The proposal would make the position calculation for resampling purposes in the area outside the EL scaled ref layer region similar to the way motion data is resampled – which is performed the same way without regard to the boundaries of the reference region (and the "reference region" is not a concept found in the Q1008 text). This differs from the AHG13 output text, but was identified as an open issue in the AHG13 report. Decision: Remove the clip to the boundary of the EL scaled ref layer region.

From AHG 13 report notes: "Current syntax signal 1) scaled reference layer offsets, 2) reference layer offsets, and 3) resample phases in independent loops. In two layers case, it could result in signaling the same 6 bit layer id syntax three times. It is suggested to discuss whether we should keep this design or signalling the parameters associated with the same reference layer in one loop."

The proposal suggests to combine three loops in the PPS extension and use presence flags within the combined loop. In discussion, it was suggested to use 3 presence flags rather than two, so there is also a flag for the scaled reference layer offset information. This was agreed. Decision: Adopt this aspect as described (with three flags).

As a final element, the proposal suggests to predict the reference layer offset values from the scaled reference layer offset values. It was commented that the solution does not seem adequately generic for different applications and may be getting too complicated and fancy. No action was taken on this.
6.2 SCC (102)
6.2.1 SCCE1 related (intra block copy) (39)

(chaired by JRO, 07-02 afternoon)
JCTVC-R0050 Non-SCCE1: Intra block copy masking [J. Lainema, K. Ugur, M. M. Hannuksela (Nokia)]

This contribution proposes a possibility for “masking” areas in blocks predicted with intra block copy mode and substituting all the sample values in a masked area with a single sample value (as proposed earlier in JCTVC-O0351). It is argued this kind of operation helps coding efficiency by being able to provide finer prediction granularity for intra block copy with no significant complexity implications. It is reported that the proposed approach provides objective bitrate reductions of -1.4 %, -1.6 % for All Intra 1080p text and graphics RGB and YUV categories, respectively.
Mask is on one of the four sides of the block, and can be one or more samples wide or high.

Some similarity in terms of targeted content property like line-based intra copy.

Also AMP with IBC (CE 2.4) targets similar additional flexibility, but gives less gain; the maskimg could also be used in combination with AMP.

The decision is made only based on the best found displacement vector to keep encoder complexity low.

Further study in CE (CE1 or CE2).
JCTVC-R0056 Restriction of CU sizes for Intra Block Copy [J. H. Ma, H. H. Jo, M. Ismail, Y. J. Ahn, W. Lim, D. G. Sim (KWU)]

This document presents IBC syntaxes to reduce amount of on/off flags for intra block copy (Intra BC) coded on each CU-level. In the proposed algorithm, two syntax elements are added into the sequence parameter set (SPS) syntax to indicate the minimum and maximum block sizes of Intra BC. Based on these two syntax elements, the intra block copying mode is performed only in the specified block sizes, and an on/off Intra BC flag is also coded for the CU blocks. Experimental results show that the average BD-rates of the proposed algorithm are -0.1%, 0.0%, and 0.0% for All intra (AI), Random access (RA), and Low-delay B (LB) under the common test conditions for screen content coding, respectively.
Coding gain very low. Requires at least some some additional operation at the decoder (parameter dependent parsing).

Benefit not obvious. No action.
JCTVC-R0074 Non-SCCE1: Adaptive switching between differential and direct coding for intra block copy vectors [K. Miyazawa, A. Minezawa, S. Sekiguchi (Mitsubishi)]

BoG
JCTVC-R0315 Cross-check of JCTVC-R0074 on adaptive switching between differential and direct coding for intra block copy vectors [C. Pang (Qualcomm)] [late]

JCTVC-R0088 Non-SCCE1: Vector residual coding for Inter and IBC modes [G. Laroche, T. Poirier, C. Gisquet, P. Onno (Canon)]

BoG
JCTVC-R0287 Crosscheck of JCTVC-R0088 [S.-T. Hsiang, T.-D. Chuang (MediaTek)] [late]
JCTVC-R0089 Non-SCCE1: IBC BV throughput issue [C. Gisquet, G. Laroche, T. Poirier, P. Onno (Canon)]

The current design of the Intra Block Copy mode allows 4x4 partitions, using the inter MV coding for the signaling of the BVs of each PU. This causes a doubling in the required parsing throughput, potentially incurring incompatibilities with HEVC and other extensions. This proposal restricts the 4x4 BVs to be horizontal so as to halve current requirements of Intra Block Copy, back to those of HEVC. It is reported that this changes combined with adapted search area gives BDR gains with an encoding run time decreases compared to the SCM 1.0 for AI configuration. A second solution restricts the 4x4 BVs to be the horizontal or the vertical component of the 4x4 BVs. This second proposal increases the coding efficiency of the first solution. 
Presentation deck not uploaded.
No analysis provided that the problem really exists, i.e. that the worst case number of context coded bins is increased due to the 4x4 block sizes (e.g. IBC does not require a reference index, and vectors are integer precision). The contribution was further revisited (Sat. morning) after further analysis was provided. Even though it was shown that the worst case number of context coded bins would have been 12% higher for the IBC is TM (compared to worst case CC bins in MV coding), this problem would be resolved per adoption of the new vector binarization method R0186, where only 2 bins (instead of 4) are context coded. 

The “1D difference” coding is only used for 4x4 block sizes. This means that vector coding would be PU size dependent which would be highly undesirable.
JCTVC-R0307 Cross-check Non-SCCE1: IBC BV throughput issue (JCTVC-R0089) [X. Xiu, Y. Ye (InterDigital)] [late]

JCTVC-R0096 Non-SCCE1: Intra block copy with modified motion vector predictor [Dong Jiang, Xuerong Zhang, Yaqiang Wu (Lenovo)]

This contribution proposes an improved scheme of MODE_INTRABC by permitting the zero motion vector predictor in intra block copy motion search. Since there are no reconstructed pixels in current CU position, an interpolation using its neighbour pixels is needed. Due to the more accurate motion vector predictor, the encoder and decoder complexity is visibly reduced while the average BD-rate reduction of 0.0%, 0.0%, 0.0% for LB, RA and AI lossy configurations respectively.

Benefit not obvious. No action.
JCTVC-R0100 Non-SCCE1: Unification of intra BC and inter modes [B. Li, J. Xu (Microsoft)]

This document propose to unify the syntax table, semantics, and the decoding process of Intra BC mode and Inter mode. With the unification, coding tools designed for Inter mode, such as skip mode, merge mode, AMVP, etc., could also be applied to Intra BC mode. The experimental results show the proposed method brings about 9.3% bit saving for RGB TGM 1080p AI lossy coding. Performance gain is also observed for the other cases.
There are two configurations: one with 4x8 minimum size (where IBC could be interpreted by an existing to inter) and one with 4x4 (where it would not be possible), where in the latter case the gain increases to 11.7% 

Bi-prediction and sub-pel MC was disabled at the encoder side.

CE5.1B would be expected to perform similar, but only gave 9.9% with 4x4 block size (compared to 11.7% reported here). This could be due to the usage of 5 merge candidates, the usage of LTP candidate which comes from the current picture, or further methods of encoder optimization used for AMP.

Would a “high-level syntax only” give benefit in case of SCC?

Pro:

· Simpler specification (re-using existing text)

· Re-use existing design elements such as motion comp stage

Con:

· Definition of all-intra profiles would require implementation of motion comp, whereas IBC could be designed simpler (no sub-pel, simpler merge, …)

· Would require various conditional specifications, e.g. related to definition of the additional reference picture which might require some re-definitions of I slice, RAP, etc.

· There may be things to be done different in IBC in order to achieve more compression gain

It is common understanding that the whole collection of SCC tools would not be restricted by a “HLS only” philosophy. Basically, it can be expected that even if elements from motion comp are used in IBC, at the end they may look different.

Further investigation of the improvements that the proposal gives in CE (e.g. usage of merge mode with 5 candidates, optimization for AMP).

Also define a CE which tests performance of ref_idx vs. ibc_flag signaling with otherwise unchanged coding tools.
JCTVC-R0258 Cross-check of JCTVC-R0100 on intraBC and inter unification [X. Xu, S. Liu (MediaTek)] [late]

JCTVC-R0117 Non-SCCE1: Segmental prediction for intra block copy [K. Zhang, J. An, X. Zhang, H. Huang, S. Lei (MediaTek)]

This contribution presents a segmental prediction method for intra block copy (segIBC). When segIBC is applied, two steps are applied to modify the IBC prediction block before it is used to predict the current block. First, samples in an IBC prediction block are implicitly classified into two or three segments. Second, a single value is signaled to represent all the prediction samples of the segment. Experimental results reportedly show that the segmental prediction method can achieve BD-rate savings in AI configurations as follows:
1.6%, RGB, text & graphics with motion, 1080p
0.4%, RGB, text & graphics with motion,720p
0.6%, RGB, mixed content, 1440p
0.4%, RGB, mixed content, 1080p
2.2%, YUV, text & graphics with motion, 1080p
0.5%, YUV, text & graphics with motion,720p
0.3%, YUV, mixed content, 1440p
0.2%, YUV, mixed content, 1080p.
Study in CE, including a detailed analysis about complexity impact. Also report results about restricting to only two segments.

JCTVC-R0288 Cross-check of Non-SCCE1: Segmental prediction for intra block copy (JCTVC-R0117) [B. Li, J. Xu (Microsoft)] [late]

JCTVC-R0118 Modified Deblocking Filter for Intra Block Copy (IBC) [M. Ismail, H. H. Jo, J. H. Ma, W. Lim, D. G. Sim (KWU)]

This contribution proposes a modified deblocking filter considering intra block copy (IBC)-coded blocks both for visual quality improvement and coding gain. Intra block copy is a block matching technique that generates prediction value in a picture using block vector similar to motion compensation of inter-prediction mode. In the SCM-1.0, the IBC mode is employed as a prediction mode and it provides significant bitrate savings for screen content videos. For the deblocking filtering of IBC-coded blocks, the SCM-1.0 regards the IBC block as similar to the conventional intra-coded block. It means that SCM-1.0 sets the boundary strength to 2 on the block boundary of two adjacent blocks when one of the blocks is encoded with IBC regardless of the block vectors of two blocks. However, when the two blocks are encoded with IBC having the same block vector without residual coefficients, there is no discontinuity between two blocks. For this case, we propose to modify the deblocking filter process with a special attention to IBC treated as inter-coded blocks. The experimental results show that the average BD-rate of the proposed algorithm is -0.17% for Low Delay, -0.09% for Random Access, and 0.14% for All Intra configuration under the common test conditions for screen content coding, respectively. 

For AI, significant loss (BR increase almost 1%) in class “text&graphics with motion 720p”.

So far, no visual comparison has been made.
JCTVC-R0123 Non-SCCE1: On block vector coding [C. Rosewarne, M. Maeda (Canon)]

BoG
JCTVC-R0324 Crosscheck of JCTVC-R0123 on Non-SCCE1: On block vector coding [S. H. Kim, A. Segall (Sharp)] [late]
JCTVC-R0126 On deblocking for intra block copy [C. Rosewarne, M. Maeda (Canon)]

This contribution presents a method for applying the deblocking filter to edges between blocks where intra-block copy is used.  In this method, if the block on either side of the edge uses intra-block copy, then the boundary strength is set to 1 (even if the other block uses intra-prediction).  Visual testing was performed and did not uncover any reduction in subjective quality. 

BR reduction is 0.1-0.5% depending on class.

One expert informatively reports that similar and higher gain can be found when disabling the de-blocking for some screen content classes entirely.

Before taking action on changing a core element as the de-blocking filter specifically for screen content, it should be identified whether a problem exists (i.e. whether screen content quality is affected by existing deblocking filter), and if yes, whether simple solutions such as disabling or changing thresholds would be viable.

Establish AHG (C. Rosewarne) to further study the issue.

JCTVC-R0285 Crosscheck of JCTVC-R0126 on deblocking for intra block copy [C. Pang (Qualcomm)] [late]

JCTVC-R0189 Non-SCCE1: Intra block copy deblocking [C. Pang, Y. Chen, J. Sole, M. Karczewicz (Qualcomm)]

Identical with R0118 – no need for presentation.

JCTVC-R0262 Cross-check of 'Non-SCCE1: Intra block copy deblocking' (JCTVC-R0189) by Qualcomm [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0134 Non-SCCE1: Unified BVD & MVD coding using a universal entropy coding scheme [S.-T. Hsiang, T.-D. Chuang, S. Lei (MediaTek)]

This contribution proposes to re-uses our previous BVD entropy coding method in SCCE1 Test 3.6 for coding MVD. It is reported to achieve average Luma BD-rate savings of 3.7%, 4.8%, and 5.6% for YUV, text & graphics with motion, 1080p sequences for the AI, RA, LB settings, respectively, under the SCC CTCs. The proposed method employs a universal entropy coding scheme to represent a syntax value by its most significant bit (MSB) index and refinement bits, corresponding to exactly the same binarization as the current HEVC MVD coding. The proposal, reportedly, can thus further unify the existing HEVC MVD and proposed MVD coding method by using the same entropy coding tool with different bypass thresholds. It is also reported that the proposed entropy coding scheme is experimentally shown to be efficient for coding some other new syntax elements used by the new SCC coding tools and can thus further support more new SCC syntax elements coded by a unified entropy coding scheme.
Further study in CE

JCTVC-R0283 Cross-check of JCTVC-R0134 on Unified BVD & MVD coding using a universal entropy coding scheme [P. Onno (Canon)] [late]

JCTVC-R0162 Non-SCCE1: Intra block copy hash search enhancement [Y. He, X. Xiu, Y. Ye (InterDigital)]

This proposal proposes a refinement with chroma components for intra block copy hash search. In SCM-1.0, the BV refinement with chroma components is only applied in normal BV search, and is not applied in hash search for 8x8 CU IntraBC search. Compared to SCM-1.0 full frame intra block copy anchors, the proposed hash search refinement achieves average BD rate gain up to -0.7%, -0.4%, -0.4% for lossy AI, RA and LDB coding for Y component. 

The proposal is supported by several experts. It also unifies global search and local search.

Decision (SW): Adopt JCTVC-R0162
JCTVC-R0212 Crosscheck of JCTVC-R0162 on Intra block copy hash search enhancement [C. Pang (Qualcomm)] [late]

JCTVC-R0165 Non-SCCE1: Improved intra block copy coding with block vector derivation [Y. He, Y. Ye, X. Xiu (InterDigital)]

This proposal proposes the block vector derivation method for improved intra block copy coding. The derived block vectors are used in intra block copy merge mode and normal intra block copy mode. Compared to SCCE1 full frame IntraBC anchors, the lossy coding of the proposed scheme reportedly achieves average {Y, U, V} BD rate gain of {-8.0%, -8.3%, -8.2%}, {-5.0%, -5.2%, -5.2%} and {-3.2%, -3.2%, -3.3%} for the the category (RGB/YUV, text & graphics with motion, 1080p and 720p) for AI, RA and LDB, respectively. And the lossless coding reportedly achieves total bit-rate saving of 4.8%, 3.0% and 2.9% for the category (RGB/YUV, text & graphics with motion, 1080p and text & graphics with motion, 720p) for AI, RA and LDB, respectively. 

The proposal requires to store more BVs than current design – it might be desirable to use compression

It is confirmed that for MV derivation, the compressed MVs are used.

Further study in CE, also investigating constraints of MV/BV storage and other complexity aspects.

JCTVC-R0289 Cross-check of Non-SCCE1: Improved intra block copy coding with block vector derivation (JCTVC-R0165) [B. Li, J. Xu (Microsoft)] [late]

JCTVC-R0181 Non-SCCE1: Block vector coding for Intra block copy [M. Karczewicz, K. Rapaka, C. Pang, J. Sole (Qualcomm)]

BoG

JCTVC-R0333 Crosscheck of JCTVC-R0181 on Non-SCCE1: Block vector coding for Intra block copy [K. Miyazawa, A. Minezawa, S. Sekiguchi (Mitsubishi)] [late]

JCTVC-R0182 Non-SCCE1: On Intra block vector difference redundancy removal [K. Rapaka, J. Sole, M. Karczewicz (Qualcomm)]

This contribution proposes a method to remove redundancies in block vector difference coding. It is argued that when the current block’s BV predictor happens to be default predictor (no BV reconstruction required) there exist redundancies in the BVD which can be inferred. This inference is used to conditionally signal the sign and the BVD value of the vertical component thus removing redundancy in signalling. It is reported that the proposed approach over SCCE1 Test 3.1 (Encoder configuration 2) provides objective bit rate reductions of -0.3 % and -0.4% for All Intra 1080p text and graphics RGB and YUV categories.
Presentation deck not uploaded.
Average gain over all classes around 0.2% for AI; it is reported that the gain for RA is less (not included I document).

Relatively small improvement, no action at this point, but further study recommended when IBC vector coding is more stabilized.

JCTVC-R0337 Crosscheck of Non-SCCE1 on Intra block vector difference redundancy removal (JCTVC-R0182) [R.-L. Liao, C.-C. Chen, T.-S. Chang, W.-H. Peng, H.-M. Hang (NCTU/ITRI)] [late]
JCTVC-R0188 Non-SCCE1: Memory bandwidth reduction for Intra block copy [C. Pang, K. Rapaka, J. Sole, X. Li, T. Hsieh, M. Karczewicz (Qualcomm)]

Presented in CE1 context (see further notes under SCCE1 summary).
Study this further in AHG on complexity analysis of IBC, line-based intra copy, string matching for sample coding.
JCTVC-R0320 Crosscheck of JCTVC-R0188 on Non-SCCE1: Memory bandwidth reduction for Intra block copy (Method 1) [K. Miyazawa, A. Minezawa, S. Sekiguchi (Mitsubishi)] [late]

JCTVC-R0201 Block vector predictor selection for intra block copy [S. Yang, H. Shim, D. Lee, B. Jeon (SKKU)]

In this contribution, a modified block vector signaling scheme is proposed for the Intra Block Copy (IntraBC) mode. In the IntraBC design in SCM 1.0, the last coded block vector (BV) in a CTU is set as the predictor for a current block vector. When the current block is the first IntraBC-coded block, an initial block vector predictor (BVp) value corresponding to its block size is used. This contribution modifies the BVp selection scheme by signaling index of coded-BV’s that are used for BVp. In the lossy condition, it is reported that 1.3% for the AI and 1.7%/1.2% for RA/LD gains are achieved by this contribution.

The basic idea is to further extend the number of candidates stored in a buffer for the current slice (up to 128 is mentioned as a possible number)

The method seems to give additional gain relative to the results of CE3.1 (which used only two candidates). It is questioned whether the additional effort of storage and selecting candidates justifies this additional gain. The proponent mentions that by more encoder optimization it can be expected that the gain becomes larger. Further study recommended (not in CE) – report back when more interesting gain is found relative to the TM configuration after this meeting.
JCTVC-R0203 Non-SCCE1: Default vector selection for Intra block copy BV prediction [X. Xu, T.-D. Chuang, S. Liu, J. Ye, S. Lei (MediaTek)]

This contribution proposes to use previously coded BV(s) in IntraBC mode as the default BV predictor, in spatial based IntraBC BV prediction schemes. In SCCE1 Test 3.4 (JCTVC-R0061), two candidate BV lists are constructed based on spatially adjacent and IntraBC coded blocks. When one or two of the lists is empty, the last one or two coded IntraBC BV will be used. It is reported that together with Test 3.4, the proposed approach with last 2 coded BVs used, provides objective bitrate reductions of -3.9 %, -4.6 % for All Intra 1080p text and graphics RGB and YUV categories, respectively; and with last one coded BV, provides objective bitrate reductions of -4.0 %, -4.8 % for All Intra 1080p text and graphics RGB and YUV categories, respectively. With encoder only optimization, it is reported that with last 2 coded BVs, the objective bitrate reductions are -7.7 %, -8.3 % for All Intra 1080p text and graphics RGB and YUV categories, respectively; with last one BV, the objective bitrate reductions are -7.5 %, -8.2 % for All Intra 1080p text and graphics RGB and YUV categories, respectively.

The contribution also includes a basic element from R0240 (ping pong predictor) which is storing the last two BVs

Included in the combination R0309.
JCTVC-R0243 Cross-check of JCTVC-R0203 Non-SCCE1: Default vector selection for Intra block copy BV prediction, simulation B [R. Cohen (MERL)] [late]
JCTVC-R0204 Non-SCCE1: PU Intra block copy with flipping mode [X. Xu, S. Liu, J. Ye, K. Zhang, S. Lei (MediaTek)]

IntraBC with flipping or symmetric IntraBC mode was proposed and implemented at CU level last meeting. This contribution proposes to have the decision of IntraBC mode at PU level. So each non Intra coded PU can choose from IntraBC, IntraBC with flipping and Inter mode. It is reported that the proposed approach provides objective bitrate reductions of -2.6 %, -2.4 % for All Intra 1080p text and graphics RGB and YUV categories, respectively; the proposed approach provides objective bitrate reductions of -2.2 %, -1.6 % for Random Access 1080p text and graphics RGB and YUV categories, respectively; the proposed approach provides objective bitrate reductions of -2.0 %, -1.3 % for All Intra 1080p text and graphics RGB and YUV categories, respectively.

From the results, for the inter configurations it is estimated that approx. half of the gain is due to the PU based decision, and the other half due to flipping.

For the AI configuration, compared to the results of CE1 4.x, the additional gain is asserted to the possibility of deciding about flipping for units smaller than 8x8.

Further study in CE. This should also investigate the implications in terms of complexity (memory re-shuffling necessary by flipping), and how much of the gain is due to flipping, and how much due to the modified coding of vectors (inferring one of the components as zero). 
JCTVC-R0291 Cross-check of Non-SCCE1: PU Intra block copy with flipping mode (JCTVC-R0204) [B. Li, J. Xu (Microsoft)] [late]

JCTVC-R0208 Non-SCCE1: Additional test results on intra block copy (IBC) [M. Zhou (Broadcom)]

This document reports additional tests results on intra block copy (IBC). In the tests, the full frame IBC is used for I-frame coding while the local intra block copy (IBC) is used in non-I frame coding. The IBC search range for local IBC is set as follows:

1. The current CTU and one neighboring CTU to the left (i.e. 2CTUs case). FII+2C

2. The current CTU and two neighboring CTUs to the left (i.e. 3CTUs case). FII+3C 

3. The current CTU and three neighboring CTUs to the left (i.e. 4 CTUs case). FII+4C

4. The current CTU, three neighboring CTUs to the left and four upper sample rows (i.e. 4CTUs + 4 upper lines case). FII+4C+4

Contribution for information.

In the lossy case, similar findings as in R0188, such that losses by restricting the search range are much lower for RA and LD than they are for AI.

The contribution also reports that for lossless coding the search range restriction improves performance, which however is not the case as for lossless coding negative numbers means increase of bit rate. 
JCTVC-R0301 Non-SCCE1: Cross-check of Additional results on intra block copy (IBC) (JCTVC-R0208) [Z. Ma, W. Wang, F. Duanmu, M. Xu, H. Yu (Huawei R&D USA)] [late]

JCTVC-R0269 Non-SCCE1: Analysis of Full Frame IBC Block Vector Distribution [F. Duanmu, Z. Ma, M. Xu, W. Wang, H. Yu (Huawei R&D USA)] [late]
Presented in CE1 context.
JCTVC-R0309 Non-SCCE1: Combination of JCTVC-R0185 and JCTVC-R0203 [C. Pang, J. Sole, Y. Chen, M. Karczewicz (Qualcomm), X. Xu, S. Liu, T.-D. Chuang, S. Lei (MediaTek)] [late]

This proposal reports the combination results of JCTVC-R0185 and JCTVC-R0203 on block vector prediction method for Intra block copy. In the combination method, the spatial neighboring blocks as in JCTVC-R0185 and the default vectors as in JCTVC-R0203 are selected to form a block vector candidate list and one block vector is chosen as the predictor, similar as in HEVC version 1 AMVP. The performance is reported to be an average BD-rate of –9.8% and –10.8%, respectively for 1080p RGB and YUV SC text & graphics with motion sequences under AI configuration.
Presentation deck not uploaded.
The presentation deck provides additional results with different degrees of encoder optimization, settings of combining the different tools etc.

It also includes elements of R0061 and R0240.

BoG (C. Pang) to discuss the details and make a proposal for an improved vector prediction method in IBC, and the method of encoder decision optimization to be used in the next TM. See notes under R0349.
JCTVC-R0343 Cross-check Non-SCCE1: Combination of JCTVC-R0185 and JCTVC-R0203 (JCTVC-R0309) [X. Xiu, Y. Ye] [late]
JCTVC-R0349 BoG on block vector prediction methods for Intra block copy [C. Pang]
A BoG was held on Thursday July 3, 2014, 2:00 pm to 5:00 pm to provide more detailed information of the input documents related to block vector (BV) prediction method for Intra block copy (IBC). The agreed mandates of the BoG were:

1. Discuss the details of the BV prediction methods for IBC.
2. Evaluate different BV prediction methods and recommend the method to be used in the next TM.
3. Evaluate different encoder decision optimization methods and recommend the method to be used in the next TM.

The BoG investigated the following proposals:

· JCTVC-R0185 (SCCE1 Test 3.1)

The BV prediction method of IBC is modified to use either a spatial neighboring BV or default vector is used as BV predictor. The default vectors are chosen from (-2 * PUWidth, 0) and (2 * PUWidth, 0). Up to two BV from those in spatial neighboring blocks as used in HEVC are used to form a BV candidate list and one BV is selected.
· JCTVC-R0240 (SCCE1 Test 3.2)

BV prediction values are maintained as state information. For each BV to be sent, a flag is sent to select between them for the BV prediction value.

· JCTVC-R0081 (SCCE1 Test 3.3)
The BV predictor is selected among a predictors list that includes the three last decoded BVs. The selected predictor is indicated through a syntax element. Additional fixed predictor values are added when the full list does not contain three elements.

· JCTVC-R0061 (SCCE1 Test 3.4)

The BV prediction method of IBC is modified to use either a spatial neighboring BV or default vector is used as BV predictor. A flag is used to signal which of the predictors is used. When there is only one unique candidate BV available, (-2*CU_width, 0) is used for the second candidate. If both candidates are not available, (-2*CU_width, 0) and (-CU_width, 0) are used.
· JCTVC-R0309 (Combination of SCCE1 Test 3.1, Test 3.2 & Test 3.4)

This contribution proposes the combination of SCCE1 Test 3.1, Test 3.2 and Test 3.4 on BV prediction method for IBC. In the proposed method, the BV predictor is derived similar to the AMVP scheme in HEVC. The predictor candidate list is constructed by first accessing in order the spatial neighboring blocks a1 and b1. If not both of the spatial neighbors contain BVs, the last N coded BVs, which are initialized with (-2*CU_width, 0) and (-CU_width, 0), are used to fill into the BV candidate list to make it contain two different entries. If N = 1, the first default vector will be the last coded BV, and the second default vector will be the preset constant ((-2*CU_width, 0) in this case). To avoid the line buffer, the above BV out of current CTU is considered unavailable.
From the analysis of the BoG:

In terms of compression efficiency, R0309 (N = 2) provides the best performance in AI/RA; R0309 (N = 2) and R0081 have the best performance for LB. 

In terms of complexity, 

· R0309 (N = 2) needs to store additional 24 BVs (96 bytes) for AI and additional1 BV (4 bytes) for RA/LB; R0081 needs to store additional 2 BVs (8 bytes) for AI/RA/LB. As a reference, for each CTU, we need 64x64x3 (12K) bytes to store the pixels, so the buffer used for the BVs is negligible.

· For candidate index coding, R0081 uses truncated unary codes (up to 2 bypass bins), and R0309 (N = 2) uses mvp_l0_flag.

· For all the methods, there is no encoding time increase.
Some non-proponent expert prefers R0309 (N = 2) over R0081.

The BoG recommends R0309 (N = 2) as the BV prediction method for IBC in the next TM.
Furthermore, the BoG recommends to include the following encoder decision optimization tools in the next TM (all of which do not effect encoding time increase):

1. RD-cost check at all the search points in IBC BV estimation

2. Bugfix released in JCTVC-R0081

#define BUGFIX_FULL_FRAME_SEARCH_PREDICTORS         1

#define BUGFIX_Q0175                                       1

#define BUGFIX_COMP_SIGNED_UNSIGNED                   1 // bug fix comp sign / const unsigned

3. Code simplification released in JCTVC-R0081
#define CODE_SIMPLIFICATION                               1 // code simplification

From follow-up discussion in track B:

Decision: Adopt R0309 (N = 2) as the BV prediction method for IBC in the next TM
Decision(SW/BF): Use encoder optimization settings/bug fixes 1-3 (above) in CTC

The text was inspected in track B and found to be appropriate with some minor typo corrections.
CEs in IBC: 
· Vector entropy coding and block vector derivation (R0074, R0088, R0123, R0181, R0133, R0134, R0165) coordinator: C. Pang

· Signalling and partitioning (R0100 also tested against SCM with PU-level ibc_flag from 204, and if possible with AMP (note: R0241 implemented AMP but with CU-level signalling), to be further refined also with merge R0097)  coordinator: J. Xu
· Sub-block partitioning and flipping (R0204, R0050, R0117) Coordinator: S. Liu
6.2.2 SCCE2 related (line-based intra copy) (4)
(handled in context of SCCE2, chaired by JRO, 07-01 afternoon/evening)
JCTVC-R0132 Non-SCCE2: Line-based Intra Copy with Unconstrained 2-D BV Coding for Test C [C.-C. Chen, T.-S. Chang, R.-L. Liao, C.-W. Kuo, W.-H. Peng, H.-M. Hang, C.-L. Lin, F.-D. Juo (NCTU/ITRI))]

See notes under SCCE2 summary
JCTVC-R0264 Cross-check of JCTVC-R0132: Non-SCCE2: Line-based Intra Copy with Unconstrained 2-D BV Coding for Test C [J. Ye, X. Xu (MediaTek)] [late]

JCTVC-R0281 Non-SCCE2: An improvement on Intra Line Copy of SCCE2 [L. Liping, X. Chen, T. Lin] [late]
This contribution proposes an improvement on Intra Line Copy (Line-based Intra Copy) technique described in the Screen Content Core Experiment 2 (JCTVC-Q1122). The improvement is to allow a current line to copy a reference line inside the same CU as the current line or partially overlapped with the current line. Experiment results report -1.8%, -0.8%, and -0.4% BD-rate savings for YUV TGM 1080p sequences under AI, RA, and LB, respectively, using SCCE2 TestD as the anchor.

Less gain in lossless coding.

It is reported that in contrast to the current line-based copy, this modification also allows usage of closer lines from same CU and same PU.

Question: Does encoder and decoder use the same prediction in this case? They do, since the residual is not added yet to the prediction.

The approach definitely requires additional processing and may also impact on latency/pipelining. More analysis necessary about complexity/memory accesses.

Further study in ongoing CE

CE on line based intra copy (R0132, R0281) coordinator: C. C. Chen
JCTVC-R0292 Crosscheck of JCTVC-R0281: An improvement on Intra Line Copy of SCCE2 [R.-L Liao, C.-C Chen, T.-S Chang, W.-H Peng, H.-M Hang (NCTU/ITRI)] [late]

6.2.3 SCCE3 related (palette mode) (43)

Following notes from BoG, chaired by Cohen/Huang, Thursday/Friday, unless indicated otherwise. This was presented in track B, Saturday morning, chaired by JRO. Generally, the BoG recommendations were approved, in case of clarification this is indicated as NTB: (Note from track B)
JCTVC-R0051 Non-SCCE3: Adaptive escape scheme for palette mode [Y.-J. Chang, C.-L. Lin, C.-C. Lin, J.-S. Tu, C.-H. Hung (ITRI)]
This document proposes an adaptive escape scheme for palette mode. The scheme can turn on/off the escape function of a palette CU by a CU-based escape flag. The contribution is implemented on top of SCM-1.0 + JCTVC-Q0094 + bug-fixes of JCTVC-Q0047. Experimental results show that, compared with SCM-1.0 + JCTVC-Q0094 + bug-fixes of JCTVC-Q0047, -0.7% and -0.4% BD-rate savings under AI-Lossy coding are, respectively, achieved (1080p) on 2-CTU and full-frame IBC conditions for YUV Text & Graphics with motion sequences.
Bypass mode is used to code the skip flag, in contrast to JCTVC-R0066, only difference is whether the flag is context coded. Results are similar.

Recommendation: Test this with the SCCE3 BoG’s combined software and add to software if there is no loss.

The WD text was integrated in the text of I0348 and reviewed (see further notes under R0048).
JCTVC-R0330 Crosscheck of Non-SCCE3: Adaptive escape scheme for palette mode [R. Joshi, W. Pu (Qualcomm)] [late]
Cross-checker stated that results matched, document will be uploaded.
JCTVC-R0075 Non-SCCE3: Encoder modification of palette mode for escape pixels [Y.-J. Chang, C.-L. Lin, C.-C. Lin, J.-S. Tu, C.-H. Hung (ITRI)]

This document proposes an encoder modification of palette mode. If only few pixels are quantized to a major color, the method will modify the major color index as an escape index. The contribution is combined with JCTVC-R0051, and implemented on top of SCM-1.0 + JCTVC-Q0094 + bug-fixes of JCTVC-Q0047. Experimental results show that, compared with SCM-1.0 + JCTVC-Q0094 + bug-fixes of JCTVC-Q0047, –1.4% and –1.1% BD-rate savings under AI-Lossy coding are achieved for YUV Text & Graphics with motion sequences (1080p) on 2-CTU and full-frame IBC conditions, respectively.

BD-rate savings obtaind by using a CU-level flag.

A similar, but not identical concept is used in the SCCE3 BoG combined method, from JCTVC-R0175 (subtest C.4 supplemental, with improved encoder, also subtest A.7).

Recommendation: Further study using the palette mode in SCM-2.0 (if present).

[NTB: CE]

JCTVC-R0263 Cross-check of 'Non-SCCE3: Encoder modification of palette mode for escape pixels' (JCTVC-R0075) by ITRI [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0076 Non-SCCE3: Run-copy coding method for two-color index map of palette CU [Y.-J. Chang, C.-L. Lin, C.-H. Hung, C.-C. Lin, J.-S. Tu (ITRI)]
This document proposes a run-copy coding method for two-color index map of palette CU. An encoder modification is also implemented for the proposed coding method. The contribution is implemented on top of SCM-1.0 + JCTVC-Q0094 + bug-fixes of JCTVC-Q0047. Experimental results show that, compared with SCM-1.0 + JCTVC-Q0094 + bug-fixes of JCTVC-Q0047, -1.7% and -0.8% BD-rate savings under AI-Lossy coding are achieved for YUV Text & Graphics with motion sequences (1080p) on 2-CTU and full-frame IBC conditions, respectively.
When palette CU has only two colors, the value of a major color index must be either 0 or 1. A two-color index map coding method is proposed by skipping the transmission of color indices.
A participant asked what happens if there’s an escape. The proponent said they restrict this from the encoder when there are only two colors in the palette table, i.e. there is no escape used. The decoder was modified as well not to expect an escape flag when there are only two colors in the palette. It was noted that this method would work well with JCTVC-R0051 (from the same proponent).

It was noted that this method is related to tests B.5, B.10, and B.12. It’s a special case of these redundant index removal tests.

Recommondation: If there is a CE on related palette mode improvements, this should be included.

JCTVC-R0068 Crosscheck Non-SCCE3: Run-copy coding method for two-color index map of palette CU [W. Pu (Qualcomm)] [late]

JCTVC-R0078 Non-SCCE3: Modified copy above mode for palette based coding [J. Zhu, Z. Xu, J. Ye (Fujitsu R&D Center)]
A simplification of the process for copy above mode on palette based coding is presented. It uses a pixel value directly rather than an index for the encoding and decoding process for copy mode. In addition,  copy above mode is extended from 1 direction to 3 directions. Reported test results show gain of 0.1% AI-lossless for 1 above direction and 0.1-0.3% AI-lossless on SCs for 3 above direction on top of the SCCE3 anchor (full frame IBC). 
This proposal contains two methods:

Use pixel value rather than index for copy mode, so the index does not have to be derived.

Copy above mode extended from 1 to 3 directions above

Proponent only presented results for lossless coding

Recommendation: No action

JCTVC-R0079 Non-SCCE3: Skip palette size for palette based coding [J. Zhu, J. Ye (Fujitsu R&D Center)]
By deriving palette size from index information, the syntax element of palette size is skipped for palette based coding. Reported test results show gain of 0.2-1.5% on AI-lossless，0.1-0.8% on RA-lossless, 0.1-0.7% on LB-lossless,0.1-1.0% on AI-lossy, ,0.1-0.5% on RA-lossy and ,0.1-0.3% on AI-lossy on top of SCCE3 anchor(2CTU-IBC).
AI lossy RGB text & graphics 1080p BD-Rate change: -1.0% on G, 720p: -0.4 on G

A comment was whether truncated Rice codes can remove redundancy when number of colors is not a power of two. This proposal interacts with those proposals (test B.5, B.10, and B.12), which may part of the SCCE3 BoG combined proposal. It was unclear whether this method would still yield gains over the combined proposal.

Recommendation: No action

JCTVC-R0080 Non-SCCE3: Modified Escaped pixel mode in palette based coding [J. Zhu, J. Ye (Fujitsu R&D Center)]
The escaped pixel mode is modified if the palette size is less than a predefined maximum palette size. The escape flag is used to indicate that the pixel value or index is coded. An escaped pixel run is introduced for case when the palette size is less than predefined maximum palette size. The predictor construction is also modified accordingly. Reported test results show gain of 0.3-1.7% AI, 0.1-1.1% RA, 0.1-1.0% LB for lossless coding and 0.2-1.0% AI, 0.1-0.4% RA, 0.1-0.5% LB for lossy coding on top of SCCE3 anchor (2CTU IBC).
This in effect looks isolated colors in the palette and makes them escape pixels. A run is used for the escaped value.

Recommendation: No action
JCTVC-R0112 Non-SCCE3: Bi-color intra mode for screen content coding [Y.-J. Chang, C.-L. Lin, C.-C. Lin, J.-S. Tu, C.-H. Hung (ITRI)] [late]
This document proposes a bi-color intra mode for screen content coding. The proposed bi-color intra mode first transmits an index to specify which two colors are selected out of available spatial neighboring pixels of the current CU. Then an index map for the CU is established by the selected two colors. An index map coding is used to transmit the index map. Experimental results show that, compared with SCM-1.0, -2.9% and –2.7% BD-rate savings under AI-Lossy coding are achieved for YUV Text & Graphics with motion sequences (1080p) on 2-CTU and full-frame IBC conditions, respectively.
RGB Text and Graphics with motion AI lossy BD-Rate change: -1.9%, -2.0%, -2.2% for GBR. With palette enabled: -0.3%, -0.3%, -0.3%.

This method selects 2 colors from previously-decoded boundary pixels, and then signals indices, and then it codes an index map using run-length coding similar to what they used in JCTVC-R0076.

A participant commented that the same method could be used within palette mode, i.e. enable palette, and if there are only two colors, apply JCTVC-R0076.

Proponent asks that this be furthered study in CE

Recommondation: Because both chairs of this BoG are proponents of related proposals JCTVC-R0058 (Test D.1), JCTVC-R0200 (Test D.2), JCTVC-R0198 (simplified Test D.1), we should complete this discussion during the BoG report in the main track.

NTB: Further study in CE

JCTVC-R0113 Non-SCCE3: Improved Palette Index Coding with Contextualization [T. Laude (Univ. Hannover)]

This contribution presents a modified palette index coding method. In particular, it is reported that the most significant bin (MSB) of the palette_index syntax element is coded using contextualization rather than using the CACAC bypass mode. The modified palette index coding reportedly shows Y/G BD-rate changes of {-0.7%, -0.5%, 0,0%, -0.1%, 0.0%, 0.0%, -1.0%, -0.4%, 0.0%, -0.2%, 0.0%, 0.0%}, {-0.4%, -0.5%, -0.1%, -0.1%, 0.0%, 0.0%, -0.4%, -0.3%, -0.2%, -0.1%, 0.1%, 0.0%} and {-0.3%, -0.5%, -0.2%, 0.1%, 0.0%, 0.0%, -0.3%, -0.2%, -0.4%, -0.1%, 0.0%, 0.0%} for AI, RA and LD compared to the SCCE3 palette mode software under SCC common test conditions.
Currently, palette mode signalling is done with fixed-length coding using CABAC bypass mode. This proposal uses MSB contextualization.

RGB text and graphics with motion: -0.7%, -0.7%, -07% for GBR

A non-proponent expressed interest in this method and it may be a useful method to add to the BoG’s combined software platform.

Recommendation: Do in-meeting test of this on top of proposed BoG combined software, and include in software if there is no loss. 

JCTVC-R0135 Non-SCCE3: Palette index coding using a universal entropy coding scheme [S.-T. Hsiang, T.-D. Chuang, S. Lei (MediaTek)]
This contribution develops a new method for coding palette index values for improved compression efficiency. The proposed method utilizes a universal entropy coding scheme representing a syntax value by its most significant bit (MSB) index and refinement bits. It is reported to achieve average Luma BD-rate savings of 1.1%, 0.6%, and 0.4% for the AI, RA, and LB settings, respectively, using IBC with a full-frame search range on the full-length test sequences and 2.0%, 1.0%, and 1.0% for the AI, RA, and LB settings, respectively, using IBC with a 2-CTU search range on the short-length sequences in the YUV, text & graphics with motion, 1080p category compared with the related results of the SCCE3 palette base software under the SCC common test conditions.
RGB text & graphics with motion AI gains: -1.0%, -1.0%, -1.0% for GBR for full-frame IBC with palette; -1.8%, -1.9%, -1.8% for 2-CTU IBC with palette.

Recommendation: Do in-meeting test of this on top of proposed BoG common platform.
JCTVC-R0305 Cross-check of JCTVC-R0135 on Palette index coding using a universal entropy coding scheme (Non-SCCE3) [Y. He, Y. Yan (InterDigital)] [late]

JCTVC-R0136 Non-SCCE3: Run coding of the palette index map using a universal entropy coding scheme [S.-T. Hsiang, T.-D. Chuang, S. Lei (MediaTek)]
This contribution develops a new method for coding syntax palette_run of palette coding for improved compression efficiency. The proposed method utilizes a universal entropy coding scheme representing a syntax value by its most significant bit (MSB) index and refinement bits. It is reported to achieve average Luma BD-rate savings of 0.9%, 0.4%, and 0.3% for the AI, RA, and LB settings, respectively, using IBC with a full-frame search range on the full-length test sequences and 1.4%, 0.6%, and 0.7% for the AI, RA, and LB settings, respectively, using IBC with a 2-CTU search range on the short-length sequences in the YUV, text & graphics with motion, 1080p category compared with the related results of the SCCE3 palette base software under the SCC common test conditions.
Similar to JCTVC-R0135, except that the method is used to code the palette run

Recommendation: Do in-meeting test of this on top of proposed BoG common platform.

(NTB: It was reported by proponents that they are trying to run this within the software used in R0351 as suggested here, otherwise they would like to have this further investigated in CE. There was no concern expressed against this.)
JCTVC-R0323 Crosscheck of JCTVC-R0136 Non-SCCE3: Run coding of the palette index map using a universal entropy coding scheme [X. Zhang, R. Cohen (MERL)] [late]

JCTVC-R0161 Non-SCCE3: Simplified palette size coding [J. Zhao, S. K. Kim, K. Misra, A. Segall (Sharp)]

This contribution proposes to change the binarization of palette_num_signalled_entries to use a fixed length code, as compared to the existing Truncated Unary (TR) code. It reduces the worst case number of coded bins from 32 bins to 5 bins in the existing palette coding structure. It has been also observed that the proposed method provides coding performance benefit of 0.1% and 0.2% for lossy coding and lossless coding, respectively.

It was commented that the current JCTVC-Q0094BF software has a bug in which it uses unary instead of truncated unary coding.

It was also noted that these are all being coded using bypass mode.

The proponent noted that the purpose of this proposal is for simplification, not BD-Rate gain.

A participant inquired whether this was really a problem that needed to be addressed.

A chair commented that re-testing on the proposed common platform may not be necessary because this is primarily a change in signalling that doesn’t affect performance. A participant said that we would want to make sure there was no loss.

It was commented that the software defines the maximum palette size, and there is no signalling of the maximum number of possible entries, so this proposal’s target number of bins may be different than 5, depending on the palette size that is used.

Recommendation: Re-test on proposed common platform to verify that there is no loss, then consider for addition to proposed common platform.

JCTVC-R0322 Cross check of ‘Non-SCCE3: Simplified palette size coding’ (JCTVC-R0161) by Sharp [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0174 non-SCCE3: Contexts for coding index runs [R. Joshi, M. Karczewicz, W. Pu, V. Seregin, J. Sole (Qualcomm)]
Additional contexts for coding the runs of index values are proposed. The context is dependent on the index value. BD-rate results for two additional contexts are presented for all intra configuration with respect to the AHG palette base as well as SCCE3 subtest C.4 with improved encoder. The method reportedly improves the BD-rate performance by up to 0.3% and 0.5% with respect to AHG palette base with full-frame intra block copying and two CTU intra block copying, respectively. When compared against subtest C.4 with improved encoder, the BD-rate improvements are reported to be much higher (up to 0.6% and 0.9%, resepctively).

Additional results using exponential Golumb coding with parameter 2 to encoding remaining run values was presented. This information is in a later version of this document which is awaiting approval.

In the proposed combined software, sometimes the index has to be incremented by 1 on the decoder side, so it was suggested that we should also test what happens if we use the parsed index value (before increment), to avoid parsing dependencies.
Recommendation: Re-test on proposed common platform to verify that there is no loss, then consider for addition to proposed common platform.

JCTVC-R0316 Cross check of ‘non-SCCE3: Contexts for coding index runs’ (JCTVC-R0174) by Qualcomm [C. Rosewarne, M. Maeda (Canon)] [late]
JCTVC-R0175 non-SCCE3: Additional results for subtest C.4 [R. Joshi, V. Seregin, W. Pu, M. Karczewicz, J. Sole (Qualcomm)]
In subtest C.4 of screen content coding experiment 3 (SCCE3), a combination of proposed tools from subtests A.7, A.8, B.12 and B.13 was tested. This document reports changes to the encoder for subtest C.4. It is asserted that there are no normative changes with respect to subtest C.4. The changes in the encoder reportedly achieve BD-rate improvements up to 11.5% and 13.7% with respect to the SCCE3 palette base as anchor for all intra configuration for full-frame intra block copying and two CTU intra block copying, respectively. Simulation results for a subset of C.4 tools are also presented.

The presentation also included one of the informational tables from the SCCE3 Summary Report (JCTVC-R0033 presentation, page 39) showing that the gains from combined tools exceed the added gains of individual tools.

The proponent supports the proposed common BoG software, so at this stage, this document is more of an informative document.
JCTVC-R0308 Cross-check of JCTVC-R0175: non-SCCE3: Additional results for subtest C.4 [S. H. Kim, A. Segall (Sharp)] [late]

JCTVC-R0198 Non-SCCE3 Test D.1 Modified single color mode [P. Lai, S. Liu, Y.-W. Chen, S. Lei (MediaTek)]
This contribution presents modified methods related to SCCE3 Test D.1 Single Color Mode (JCTVC-R0058). In the original proposal, to obtain the final two single color candidates, the candidate list reconstruction process is modified by pruning five samples to only two samples. For this proposal, the syntax remains the same as the original proposal, and only the candidate list construction process is changed. Simulation results of this Method 1 report very similar coding efficiency as the original SCCE3 Test D.1 proposal.
Instead of reducing 5 color candidates two 2, this proposal directly selects two candidates. The gains in performance for AI conditions is 0.0%-0.1%.

A participant asked if it’s worth adding a new mode for small gains, if changing palette mode can achieve most of these gains. However, palette has more overhead than this method.

Refer to the notes for JCTVC-R0112 regarding discussing this in the JCTVC-plenary.

(NTB: Further study in CE along with R0112 and previous D.1/D.2)

JCTVC-R0222 Cross-check of JCTVC-R0198 Non-SCCE3 Test D.1 Single Color Mode, Method 1 [R. Cohen, X. Zhang (MERL)]

JCTVC-R0202 Non-SCCE3: Copy from previous row mode for palette coding [F. Zou, R. Joshi, J. Sole, M. Karczewicz, W. Pu, V. Seregin (Qualcomm)]

This proposal presents a “copy from previous rows” mode for the palette coding. The proposed method enables to copy pixels from previously coded rows beyond the row above in the current CU. This is defined as a palette mode besides the existing “Copy from left”, “Copy above” and “Escape” modes. The reference row index is coded in the bitstream to indicate which row is copied from. The simulation results report that the proposed method achieves 0.9% and 1.0% BD-rate savings for 1080p text and graphics RGB and YUV respectively against the SCCE3 anchor in the full frame intra BC test condition.

This proposal adds a “copy from a previous row” mode and associated index. It is enabled from the third row onward, and is only used (via encoder) if the copy above mode is invalid.

Copying from escaped pixels is not allowed.

Recommendation: Consider for inclusion in palette-mode CE, if conducted.

JCTVC-R0213 Non-SCCE3: Palette and deblocking [J. Sole, C. Pang, W. Pu, R. Joshi, V. Seregin, M. Karczewicz (Qualcomm)]
The deblocking filter is applied for palette coded blocks. However, generally, some kinds of filtering and smoothing processes are avoided for screen content coding. It is proposed to not deblock CUs coded with palette mode in the same way that PCM CUs and lossless CUs (i.e., cu_transquant_bypass_flag enabled) are not deblocked. It is asserted that this saves some complexity, avoids unwanted filtering and achieves BD-rate reductions (in the range of 0.0% to -0.1%). Additionally, a flag at SPS level could be included to enable/disable deblocking of palette coded CUs.

The proponent has bitstreams at the meeting for those interested in viewing the decoded video

It was suggested that if palette is in SCM-2.0, some subjective testing related to deblocking should be done.

If intra block is next to PCM or lossless block, a strong filter would be applied to intra side of edge, and none on PCM/lossless, via adjusting boundary strength.

It was asked that if palette is adopted into SCM-2.0, what kind of deblocking should be done.

It was commented that deblocking with respect to transform skip hasn’t been looked at.

JCTVC-R0126 is on a related topic.

Recommendation: Study in AHG or CE with JCTVC-R0126
(NTB: Study in AHG)

JCTVC-R0319 Cross check of ‘Non-SCCE3: Palette and deblocking’ (JCTVC-R0213) by Qualcomm [C. Rosewarne, M. Maeda (Canon)] [late]

JCTVC-R0215 Non-SCCE3: WD text fixes for palette [J. Sole, R. Joshi, V. Seregin, W. Pu, M. Karczewicz (Qualcomm)]
It is asserted that there are some inconsistencies in the SCCE3 palette design. These inconsistencies have been detected and fixes are proposed. The issues include the SPS flag for palette mode, the signalling of the maximum palette size, and the signalling of the number of new entries.

The Section 3 change for palette_num_signalled_entries was discussed earlier and will be included in the proposed combined software.

For Section 2, signalling the maximum palette size, it was asked if there’s benefit for signalling the max palette size vs. having it pre-defined.

Recommendation: For the Section 1 SPS flag to enable palette, consider this when drafting the text, and add this to the proposed combined software. Section 2 signalling max palette size: further study. Section 3 change for palette_num_signalled_entries: Include in proposed combined software. Also specify the maximum palette size in the proposed text for palette (currently 31).

JCTVC-R0318 Crosscheck of JCTVC-R0215 on WD text fixes for palette [Y.-C. Sun, Y.-W. Huang, S. Lei (MediaTek)] [late]

JCTVC-R0228 Non-SCCE3: Run-length coding for palette predictor [V. Seregin, M. Karczewicz, W. Pu, R. Joshi, J. Sole (Qualcomm)]

This contribution is related to the palette method studied in SCCE3 and method of signaling the palette entries predicted from the palette predictor formed from the palette entries of the previous coded blocks. It is proposed to use run-length coding to code the palette predictor reuse flags. Reportedly, it provides up to 3.6% luma BD-rate gain on top of the SCCE3 software base, and up to 11.8% luma BD-rate gain with combination of SCCE3 C4 test. Additionally, the palette predictor size is increased from 64 to 128. Increased palette predictor provides additionally up to 0.6% luma BD-rate gain.

SCCE3 Test A.8 (JCTVC-R0063) proposes a different way to code the reuse flags, via grouping. The method proposed here outperforms Test A.8 by approximately 0.1%-0.2%, with additional gains on top of the Test C.4 supplemental tests.

JCTVC-R0063 and this proposal are from the same proponents.

Recommendation: Perform in-meeting test on combined platform, and if performance improvement is still produced, include in the proposed combined software (assuming “non-SCCE” proposals are allowed to be in that software).
JCTVC-R0270 Cross-check of JCTVC-R0228 on Run-length coding for palette predictor (Non-SCCE3) [Y. He, Y. Ye (InterDigital)] [late]

JCTVC-R0229 Non-SCCE3: Palette predictor resetting [V. Seregin, R. Joshi, M. Karczewicz, W. Pu, J. Sole (Qualcomm)]

This contribution is related to the palette method studied in SCCE3. In this method, the palette entries of the current CU can be predicted using the palette predictor consisting of the palette entries of the previous coded CUs. In current SCCE3 software, palette predictor is reset at each CTB row. This contribution proposes to perform the palette predictor reset in the beginning of each slice and tile, and in the beginning of each CTB row if wavefront is used. Otherwise, no palette predictor resetting is done. Removal of palette predictor resetting provides up to 1.2% luma BD-rate improvement.

The proposed combined software enables CTB row palette resetting if wavefront is enabled.
JCTVC-R0233 is related to this, so discussion of this will continue with that proposal.

JCTVC-R0271 Cross-check of JCTVC-R0229 on Palette predictor resetting (non-SCCE3) [Y. He, Y. Ye (InterDigital)] [late]

JCTVC-R0176 Non-SCCE3: Combination of subtest C.4 with new palette tools [R. Joshi, W. Pu, V. Seregin, M. Karczewicz, J. Sole (Qualcomm)]
In subtest C.4 of screen content coding experiment 3 (SCCE3), a combination of proposed tools from subtests A.7, A.8, B.12 and B.13 was tested. This document reports the combination of subtest C.4 with other new palette tools related to contexts for coding index runs and run signalling for binary palette prediction vector and encoder bugfixes. It is reported that BD-rate improvements up to 12.5% and 14.9% is achieved with respect to SCCE3 palette base under full-frame intra block copying and two CTU intra block copying, respectively. When palette predictor size of 128 is used, BD-rate improvements up to 12.9% and 15.3%, respectively, is reported.
Note: Some other proponents use the term “palette dictionary” synonymous with palette predictor
This can be considered informational since we now have a proposed combined software for palette. 

JCTVC-R0232 Non-SCCE3: high throughput palette coding [S. H. Kim, K. Misra, J. Zhao, A. Segall (Sharp)]
This contribution proposes a high throughput palette coding method by reducing the number of context coded bins for palette coding. Specifically, for each CU, the number of context coded bins for palette_run is counted and context bins are replaced by bypass bins when the number of context coded bins exceeds a predetermined threshold. The proposed method doesn’t change binarization method for palette_run reducing the worst case context coded bins per pixel from 1.984375 bins/pixel to 1.5625 bins/pixel.  The results show that the average coding performance is 0.0% and BD-rate variation has been observed between 0.2% and -0.2%.

There were some comments from several participants that this may not be reducing the worst case conditions for the whole codec by just changing the process for palette coding.

The proponent said that the issue with palette coding is that all three components are being coded at once, which increases the worst case number of context-coded bins as compared to non-palette coding where the components are being coded separately.

A participant commented that decoder complexity is increased, and there may be other ways to reduce the number of context-coded bins.

Recommendation: Further study

[NTB: We need to find common term what “per pixel” and “per sample” means. It is understood that a “pixel” is a triplet of colour samples.]

JCTVC-R0332 Non-SCCE3: Cross-check of JCTVC-R0232 on high throughput palette coding [F. Zou, R. Joshi (Qualcomm)] [late]
JCTVC-R0233 Modifications to palette coding for tiles/slices/dependent slices/wavefronts [K. Misra, S.-H. Kim, J. Zhao, A. Segall (Sharp)]

This contribution proposes modifications to palette coding for harmonizing operation with tiles/slices/dependent slices/wavefronts:

1.
Prevent palette table prediction across tile/slice boundary 

2.
For dependent slice segments, define a storage and synchronization process for the palette table predictor
3.
For wavefronts, define storage and synchronization process for palette table predictor

Item 1 is the same as in JCTVC-R0229

Item 2 (not in JCTVC-R0229). It was noted that the JCTVC-Q0094BF text doesn’t clearly define the synchronization or prediction across dependent slice segments. Considering adding this to the WD text for palette if palette is adopted.

Item 3 The current software and text always reset per CTB row. The BOG’s proposed combined software will reset per CTB row only when wavefront is used. A participant said that Item 3 is a more complex solution than what’s proposed in the BoG combined software, and we don’t know yet what the BD-Rate performance of this item is.

Recommendations for both JCTVC-R0229 and JCTVC-R0233:

· Prevent palette prediction across slice or tile boundaries by resetting the palette predictor size to be zero at the start of slice and tile boundaries: Include in proposed palette text and software if palette is adopted. (JCTVC-R0229 and JCTVC-R0233)

· Allow palette prediction across (dependent?) slice segments of the same slice: Consider adding this to the text and software if palette is adopted. (JCTVC-R0233)

· Reset palette predictor at the start of CTB row if wavefront is enabled (JCTVC-R0229): This is currently planned to be added to the proposed combined software. Whether this is controlled by the wavefront flag or the method proposed in JCTVC-R0229 can be studied in an AHG for palette mode, if established.

· For item 3 of JCTVC-R0233, further study perhaps in AHG is needed.

[NTB: Some of the tools in SCC may have problems with parallel processing due to relatively random dependencies from previously decoded samples. Establish AHG to study parallel processing capability of SCC tools (K. Rapaka)]
JCTVC-R0234 Palette coding and scaling lists [K. Misra, S.-H. Kim, J. Zhao, A. Segall (Sharp)]

This contribution proposes modification to palette coding asserted to harmonize operation with scaling lists. The ESCAPE pixel value in palette coding uses the existing HEVC quantization process. However, use of the scaling list is part of this process. It is proposed that when palette coding mode is used then the scaling lists are set to be flat.

It was noted that flat scaling lists are used for transform skip, too.

There’s no scaling list defined for 64x64 CUs, so this may affect this proposed method, too.

No implementation or simulation results were provided.

No action

JCTVC-R0237 Non-SCCE3: Delta QP signalling in palette mode [J. Sole, R. Joshi, W. Pu, V. Seregin, M. Karczewicz (Qualcomm)]

In the previous JCT-VC meeting, SCCE3 was established to study palette related coding tools. The palette modes in SCCE3 code escape values using the coefficient quantization parameter, QP. However, there is no mechanism to vary this QP in CUs coded with the palette mode, so an encoder has to work at constant QP as long as CUs are coded in palette mode. SCCE3 test B.13 proposes a CU-level escape flag that indicates whether escape pixels exist in the current CU. This document proposes to use CU esacape flag as entry point for the syntax elements that adjust the QP (like the cbf flags in residue coding). That is, when CU-level escape flag is on, then the delta QP value can be signalled. In this way, encoders have the flexibility to use the palette mode and adjust the QP.

The current palette software uses the slice-level QP.

It was asked whether there is benefit from this method. The proponent said that this method could be used, for example, to get better quality over text, and it can be used to achieve lossless coding.

The proponent noted that there’s a need for a method to control the quality of these escape pixel values. Currently there is no way to do that.

Recommondation: Discuss briefly in plenary to get other opinions, to see if it is of sufficient interest to be added to the combined software now or if it should first be implemented and cross-checked.

[NTB: This will likely be needed, but no urgency to include at this point of development] 

JCTVC-R0266 Non-SCCE3: Palette Table Prediction by the Nearest Palette Table [C.-H. Hung, C.-L. Lin, Y.-J. Chang, C.-C. Lin, J.-S. Tu (ITRI)] [late]

Palette coding analyzes the major colors of a CU. Then it creates a palette table and represents each pixel by corresponding color index. Palette tables from neighboring CUs may have many consistent major colors. This document proposes a prediction algorithm to predict the major color table by the nearest ones. Compared with SCCE3 reference software (SCM-1.0 + JCTVC-Q0094 + bug-fixes of JCTVC-Q0047) under All intra, lossy, and 2 left CTUs IBC search, the BD rates are -1.2% and -1.1% for “RGB, text & graphics with motion, 1080p” and “YUV, text & graphics with motion, 1080p” respectively. For All intra, lossy, and full frame IBC search condition, BD rates of above two test sequence groups are all -0.8%.
This method was also combined with palette stuffing, and it is asserted to yield an additional 0.5% improvement in BD-Rate.

Recommendation of BoG: Further study with possibly related proposals

[NTB: It is recommended to report updated results to the next meeting, provided that it still gives benefit compared to the new base palette approach (which already incudes stuffing)]

JCTVC-R0286 Cross-check of JCTVC-R0266: Non-SCCE3: Palette Table Prediction by the Nearest Palette Table [S. H. Kim, A. Segall (Sharp)] [late]

JCTVC-R0268 Non-SCCE3: Results of SCCE3 with support of 2x4 CTUs as reference buffer [Z. Ma, W. Wang, M. Xu, F. Duanmu, H. Yu (Huawei R&D USA)] [late]
This contribution reports the additional data to SCCE Test C.3. The technical difference is that it uses a larger search range for string matching in this contribution, i.e., 3 left CTUs and upper 4 CTUs to the current CTU, while in SCCE Test C.3 only 1x4 CTUs are used for string search.

Four tests were performed, with various search ranges for the string matching and for IBC.

This method applies to the string-matching method for coding color indices.

Average losses in performance as compared to Test C.3 with full-search IBC (averaged over the set of RGB text & graphics and mixed content sequences) range from 2.1% to 2.3% for lossy all-intra conditions, and 1% to 2.5% for lossless all-intra conditions.

Recommendation: Further study with other Test C-related tools and IBC search range variation studies.

[NTB: Establish separate CE on string matching for palette index coding]

JCTVC-R0277 Non-SCCE3: Cross-check of JCTVC-R0268 SCCE3 with support of 2x4 CTUs as reference buffer [P. Lai, X. Xu (MediaTek)] [late]

JCTVC-R0304 Non-SCCE3: Improvements for SCCE3 Test C3 [Z. Ma, W. Wang, M. Xu, F. Duanmu, H. Yu (Huawei R&D USA)] [late]

This contribution reports the results of a modified SCCE3 Test C.3 where a new color mode is further introduced and the SCCE3 A.6 method is borrowed to select the colors using Rate-Distortion optimization.
The modifications are to the color table derivation and addition of a color mode for index coding.


For color table derivation, the color table encoding uses the same method as in the JCT-VC R0144 (same proponents), and escape pixels are applied without HEVC residual coding in contrast to SCCE3 C.3.

This method applies to the string-matching method for coding color indices. 

Compared to Test C.3, this method produces approx. 5% - 8% improvement in BD-Rate for all-intra lossy test conditions.

Recommendation: Further study with other Test C-related tools and IBC search range variation studies.

[NTB: Same CE as R0268]

JCTVC-R0331 Non-SCCE3: Cross-verification of Improvements for SCCE3 Test C3 (JCTVC-R0304) [M. Zhou (Broadcom)] [late]
JCTVC-R0306 SCCE3 base Software Bugfix Report [W. Pu, J. Sole, R. Joshi, F. Zou (Qualcomm), T.-D. Chuang, Y.-C. Sun (MediaTek), Y. He, X. Xiu, Y. Ye (InterDigital), X. Zhang, R. Cohen (MERL)] [late]

In the previous JCT-VC meeting, SCCE3 was established to study palette related coding tools. Palette mode was implemented on top of SCM1.0 as a basis for SCCE3 in JCTVC-Q0094. This proposal reports the reported bugs and fixes on top of this software.

3 of the 4 bugfixes are encoder-only.

· According to palette mode syntax description below, if a CU is palette mode, the following syntax elements such as part_mode should be bypassed. However, in the encoder function xEncIntraHeader, this logic was not correctly implemented.

· When counting the palette mode bits, the CABAC encoder was not properly reset.

· According to the working draft below, palette_mode_flag is not signaled in intraBC mode. However, in xAddSymbolBitsInter function, palette_mode_flag was counted even if the current mode is intraBC.

· According to the working draft below, the syntax element palette_num_signalled_entries is only signalled when the numPredPreviousPalette is less than the max_palette_size. However, this conditional check was not impelemented in the software.

The change in compression performance is 0% - 0.1% (mostly on the order of a few hundredths of a percent).

NTB: This bugfix is included in R0348.

JCTVC-R0311 Non-SCCE3: Combination of palette tools [Y. He, X. Xiu, Y. Ye (InterDigital), R. Joshi, V. Seregin, W. Pu, M. Karczewicz, J. Sole (Qualcomm)] [late]

A combination of palette methods in SCCE3 is tested. Compared with SCM1.0, it is reported that the proposed method provides BD-rate improvements of (22.4%, 21.9%, 21.7%) and (22.5%, 25.3%, 24.5%) for 1080p GBR/YCbCr text & graphics test sequences in All Intra lossy configuration with full frame IntraBC search, respectively, and the performance with respect to SCM1.0+SCCE3 software is BD-rate improvements of (13.1%, 12.7%, 12.5%) and (13.4%, 15.0%, 14.8%), respectively, for 1080p GBR/YCbCr text & graphics test sequences in All Intra lossy configuration with full frame IntraBC search.
This is a combination of 7 methods, related to palette mode.

This can be considered informational since we now have a proposed combined software for palette.
JCTVC-R0329 Crosscheck of Non-SCCE3 on Combination of Palette Tools (JCTVC-R0311) [R.-L. Liao, C.-C. Chen, W.-H. Peng, H.-M. Hang (NCTU/ITRI)] [late]

JCTVC-R0317 Non-SCCE3: memory reduction for palette mode software [C. Gisquet, G. Laroche, P. Onno (Canon), T.-D. Chuang (MediaTek)]

In the scope of SCCE3, concerns were raised over the palette mode software memory allocations. This contribution reports the investigations on reducing these allocations. It is further reported that the suggested changes result in no change to the generated bitstreams. It is therefore asserted that simple changes can be applied to reduce these memory allocations, and furthermore, that the core issue is actually not within the palette mode algorithm, but it is due to the particular software implementation and the fact that anything added to the CU class gets saved and copied many times in the software.
The changes in palette-related software include reducing the declared types of some arrays (e.g. from 2 bytes to 1 bytes); removed or merged some redundant or unused arrays; changed allocation of m_piPLT and related variables to be on 8x8 CU basis instead of 4x4; reused existing buffers.

Prior to these changes, the memory increase was 78% for RA conditions in SCCE3 palette software vs SCM 1.0. With these changes, the memory increase is 10% over SCM 1.0. For example, prior to these changes, for 720p sequences the memory usage is up to about 1 GB with palette, 560 MB without palette; with these changes the memory usages is up to 625 MB and 560 MB without palette.

These changes did not alter the bitstreams.

A participant commented that in the original HM, there are 2 lossless coding schemes. The cu-transquant-bypass mode may use a buffer for another purpose. A proponent commented that the changes here don’t affect that.

Recommendation: Include these changes in the proposed combined palette software.

[end recordings from BoG]

JCTVC-R0346 BoG on SCCE3 palette coding mode [R. Cohen, Y.-W. Huang]
Reported to track B Sat. morning:
Mandate 1:

Analysis made about worst case number of context coded bins per sample. For line-based and run-based approaches this is below the current worst case of HEVC (which is 6.1875 per 3-component pixel), typically around 2-5. String-based approaches are significantly above (around 16).

It is also suggested to consider cases of evil bitstreams in general (e.g. extensively using codes with long sequences of bypass coded bins, escape with every pixel etc.)

Mandate 2: Suggest and analyze new combinations of cat. A and B methods

The following combinations were suggested in the BoG meeting: 

Category A palette coding (replace company names by proposal numbers):

· Palette sharing, A2 (*MediaTek), A4 (Huawei), A5 (InterDigital)
· Palette stuffing, A3 (*Canon), A4 (Huawei), A5 (InterDigital), A8 (Qualcomm)
· Grouping reuse flags, A8 (*Qualcomm)
· Encoder-only palette generation, from C2+modifications in C4 supplemental (*Canon, Qualcomm)
=====================================================

Category B color index map coding (replace company names by proposal numbers):

· Horizontal and vertical scans, B4 (*MediaTek), B8 (Huawei), B9 (InterDigital), B15 (Nokia)
· Redundant index removal, B5 (*Canon), B10 (InterDigital), B12 (Qualcomm)
· Truncated binary codes for color indices, B5 (*Canon), B12 (Qualcomm)
· Escape color values coded as bypass, C4 (*Qualcomm)

· Traverse scan, B9 (*InterDigital)
=====================================================

Others:

· Palette reset per CTU row for WPP-on only, C4 (*Qualcomm)
· Bugfixes: R0306 (*Qualcomm, MediaTek, InterDigital, MERL) and the R0215 bugfix of palette_num_signalled_entries.
· Software memory reduction, R0307 (*Canon, MediaTek) (to be added later)
=====================================================

Implementation:

· Which software package should we start to add/remove things? Q0094BF, C2, or C4 supplemental? – will be discussed offline

=====================================================

In-meeting tests of the following tools on top of the combined proposal software will be performed:

· Long-term palette, A9 (*Nokia) 
· Transition copy, B2 (*MediaTek)
· Transition copy, B6 (*Canon)
· Restricted run signaling, B7 (*Canon), B14 (Nokia)
· CU level escape color flag, B13 (*Qualcomm) 

The BoG discussed on whether these tools should be tested in a “TE-12”-style test, where tools are individually disabled, i.e. revert back to JCTVC-Q0094 method for that particular tool. The proponents of this combined software will try to generate all-intra (lossy, full-frame IBC, 2-CTU optional) simulation results compared to a reference of JCTVC-Q0094BF palette mode (and maybe RA and LB if time) before the end of this JCT-VC meeting. Also, proponents will run disable individual tools in this proposed combination (and thus revert to JCTVC-Q0094BF for that tool) to see how each tool performs. The anchor for this latter set of experiments will be this new combination proposal with all tools enabled. Participants will suggest a set of tool-disabling tests if it turns out that it doesn’t make sense to individually disable every one of the new tools.

In summary,

· R0348 contains a combination of promising tools from CE, additionally results with disabling individual

· R0351 takes the combination as basis, and switches on additional tools from non-CE category. 

In the subsequent discussion in Track B (Sat. morning), it was concluded that, considering the fact that the common basis evolving from R0348 already contains a substantial number of new elements, further additions from R0351 should be avoided. R0351 could also be used as a pre-test to identify which new elements are most promising to be investigated in the next CE.
The BoG met again 07-06 9:00-12:30 (see BoG report R0346r5), and the results of this discussion were presented in track B.
JCTVC-R0348 Suggested combined software and text for run-based palette by the palette BoG [P. Onno (Canon), X. Xiu (InterDigital), Y.-W. Huang (MediaTek), R. Joshi (Qualcomm)]
Was reviewed in BoG R0346 07-06 morning

During the Sapporo meeting, the SCCE3 BoG provided a new run-based palette mode, which combines several SCCE3 run-based palette techniques asserted to have reasonable gain-complexity tradeoffs reported in the SCCE3 summary report. It is shown that the BD-rates savings achieved by the combined palette mode under full frame intra block copy (FF-IBC) and all intra conditions when compared against JCTVC-Q0094BF palette mode (and palette mode off) are as follows:

12.1%

(21.5%)
for RGB, text & graphics with motion, 1080p
10.7%

(15.8%)
for RGB, text & graphics with motion, 720p
5.8%

(6.9%)
for RGB, mixed content, 1440p
5.7%

(7.7%)
for RGB, mixed content, 1080p
12.3%

(21.4%)
for YUV, text & graphics with motion, 1080p
6.9%

(11.1%)
for YUV, text & graphics with motion, 720p
4.5%

(5.4%)
for YUV, mixed content, 1440p
5.1%

(7.3%)
for YUV, mixed content, 1080p


In comparison with SCCE3 category C palette modes and their non-CE variants, about 1-4% additional BD-rate savings are observed, while overall complexity is asserted to be reduced according to conducted analysis.

On top of the combined palette mode, a proposed simplification was further studied: horizontal scan and vertical scan are removed, and only horizontal traverse scan and vertical traverse scan are left. It is shown that the BD-rate increases are 0-0.1% with this method.
Also included in this proposal is a removal of the horizontal and vertical raster scans for the color index coding, reducing the scans to two (horizontal traverse and vertical traverse). Losses from disabling the horizontal and vertical raster scans are reported to be 0.0%- 0.1%.
In addition to the above results, more results were obtained by individually disabling tools individually. Losses in BD-Rate from disabling the tool, for RGB Text & Graphics 1080p G component are:

Disabling “palette sharing” versus combined palette mode: 0.5%

Disabling “palette stuffing and grouping reuse flags” versus combined palette mode: 6.7%

Disabling “grouping reuse flags” versus combined palette mode: 2.5%

Disabling “encoder-only palette generation” versus combined palette mode: 5.7%

Disabling “vertical scan and vertical traverse scan” versus combined palette mode: 0.8%

Disabling “redundant index removal” versus combined palette mode: 0.7%

Disabling “truncated binary codes for color indices” versus combined palette mode: 2.3%

Disabling “escape color values coded as bypass” versus combined palette mode: 0.1% (purpose of tool is to reduce complexity)

Disabling “traverse scans” versus combined palette mode: 0.7%

Disabling “palette reset per CTU row for WPP-on only” versus combined palette mode: 1.0%

Disabling “bugfixes of RDO and bugfix of palette_num_signalled_entries” versus combined palette mode: 0.1% (purpose of tool is bug fixes)

It was noted that the palette sharing removal only caused 0.5% loss, whereas in the CE it was producing more than 3% gain, so another tool may be targeting the same aspect.

There was discussion on whether the BoG should recommend adopting a palette mode tool into SCM. A proponent of JCTVC-R0348 reiterated that palette mode has been around for several meeting cycles and has been tested in a CE.

It was noted that lossless coding result are not yet available for the proposed combined software. A proponent noted that lossless results for individual tools are available from the SCCE3 results. It was also noted that this BoG had intended only to test lossy all-intra for in-meeting tests. It was noted that such results could become available during the short period after the meeting when the SCM software is being prepared for release. A non-proponent said that sufficient information to make a decision is available now, and that it would be good to know the lossless results, but with the information we have now, that’s sufficient for recommending that palette become part of the next SCM draft text and software.

Recommendation from BoG: Palette mode should become part of the next SCM, software and draft text. The BoG also recommends that the palette mode described in JCTVC-R0348, including the removal of horizontal and vertical raster scans, be the version of palette mode that is incorporated as a result of this meeting. Also review the above individual-tool-removal tests listed above.

The following was clarified:

R0348 is a proposal of combined existing SCCE tools

[NTB: Decision: Include R0348 in SCM, draft text and software]

[NTB: The final version of the software is expected to be implemented with less memory allocation]

R0351 takes R0348 as a basis, and switches on additional tools from both the CE and the non-CE category. Per the JCT-VC meeting notes, the non-CE tools are not being recommended by the BoG for immediate inclusion in the recommended palette mode text and software, but are being recommended for study in a CE. Additional tools from the CE category will be individually examined and recommended or not recommended for immediate inclusion. This list of CE-category tools is in JCTVC-R0351

Further discussion 07-08 plen p.m. (GJS & JRO)

Text was reviewed that integrates the CU-level escape flag part of R0067 plus bypass coding from R0051 as candidate text to become the basis of the WD. Test results for the combined method were shown, confirming the expected effectiveness of the combination. Decision: Adopt the combination as the basis of the WD.
JCTVC-R0351 Additional test results on top of suggested combined palette software in JCTVC-R0348 [R. Cohen, Y.-W. Huang (SCCE3 BoG)] [late]
Was reviewed in BoG R0346 07-06 morning

· Long-term palette, Test A9 (JCTVC-R0047) 
Results not available now, recommend further study, not immediate inclusion.

· Transition copy, Test B2 (JCTVC-R0120)
Partial results available, proponent asks this be studied in CE and not immediately included. Recommendation: further study in relevant CE 

· Transition copy, Test B6 (JCTVC-R0084)
All-intra RGB text & graphics 1080p: 0.6% G, 720p: 0.2% gains. Proponent asks for further study in CE and not immediate inclusion.

Recommendation: further study in relevant CE

· Restricted run signaling, Tests B7 (R0085) and B14 (JCTVC-R0045)
Gains 0.4% 1080p, 720p: 0.3% all-intra text & graphics. Loss of 0.1% for mixed content. Proponent asks that this version be included in recommended palette text and software. A participant asked whether this required index reconstruction, i.e. parsing dependencies. It was noted that at this stage there is no consensus that this kind of dependency is an issue. A participant noted that the gains of this tool are smaller than some of the non-CE tools that aren’t being considered for immediate inclusion. A participant asserted that this method modifies the encoder, and if the encoder is not modified, the gains are different. A proponent asserted that although these gains are small, some of the CE tools that are currently in JCTVC-R0348 have similar gains. Another participant (competing) said that these kinds of proposal should be studied in CE to study complexity issue to see whether these parsing dependencies are an issue. A cross-checker supported including this in the proposed combined software now.

The proponents of test B7 and B14 ask for immediate inclusion; two non-proponents who have proposals using different methods to remove similar redundancies (which are not mutually-exclusive with this proposal) asked for this proposal not to be included immediately. One cross-checker supported immediate inclusion; the other cross-checker had no position at the moment. Some participants asked if the gains were worth the change. A proponent noted that similar already-included tools have similar gains, although another participant stated that gains of 0.4% and 0.7% aren’t necessarily similar.

Recommendation: Decide on one of the following:

1. If the parsing dependency is not an issue, then include this tool immediately in the combined proposed software, and conduct a CE on this and related tools, and as part of this CE, also test the disabling of this tool; otherwise

2. Not include this tool immediately, and study this and related tools in a CE (and study whether parsing dependencies are an issue, if necessary).

[NTB: select recommendation 2]

· CU level escape color flag, Test B13 (JCTVC-R0066) 

BD-Rate improvement 0.4% for text & graphics with motion, 0.1% for mixed content.

It was noted that there are no parsing dependencies with this proposal

This is related to the non-CE proposal JCTVC-R0051, which uses bypass coding for the CU-level escape color flag. It was noted in the BoG meeting report that JCTVC-R0051 would also be considered with JCTVC-R0066, if it produced no loss.

JCTVC-R0051 produced 0.4% & 0.3% for text & graphics with motion, 0.1% for mixed content.

Recommendation: Include this, with the bypass coding of the CU-level escape color flag (JCTVC-R0051 & JCTVC-R0066). Also study adding back the context coding, in a CE.

[NTB: R0051 is a simplified non-CE version of the CE technology R0066]

[NTB: Revisit. Provide text that adds the method into the draft text of R0348]

Existing non-SCCE tools being considered for study in a subsequent CE:

Note: Gains below are just listed for RGB, there was some brief discussion that common test conditions should include sufficient common reporting conditions.

JCTVC-R0051: Already discussed above, to be included in proposed combined software

JCTVC-R0113: Implementation still in progress, but existing results are of sufficient interest to be included in a CE.

JCTVC-R0135: 0.2% loss to 0.3% gain for RGB, perhaps include in index coding CE.

JCTVC-R0136: RGB T&G with motion 1080p: 1.7% gain – include in CE

JCTVC-R0161: 0.2% loss, do not include in CE given all the losses

JCTVC-R0174: 0.7%/0.3% gain, include both parts in CE

JCTVC-R0215, the part related to whether the maximum palette size should be signalled: include in CE for various maximum palette sizes (also perhaps include in an AHG discussion of what’s the best size for a palette)

[NTB: Palette size and dictionary size should be studied in CE; AHG should study complexity impact of various palette tools]

JCTVC-R0228: 0.3% gain, palette reuse flag coding, include in CE

CEs in palette coding:
· global variation of palette size and palette predictor size (R0166, R0176, R0215) coordinator: R. Joshi

· Improvement of palette signalling with sub-categories run coding for palette (R0174, R0136, R0085, R0045, R0076), index/escape coding (R0113, R0135, R0075, R0170, R0066), transition copy (R0120, R0084) and predictor signalling (R0228) coordinator: Y.-W. Huang

· string matching for palette index coding (R0268, R0304) coordinator: Z. Ma

· uni- and bi-color mode (R0112, R0198, R0200) coordinator: R. Cohen

(remove TBD somewhere else)

6.2.4 SCCE4 related (string matching for sample coding) (3)
(handled in context of SCCE4, chaired by JRO, 07-01 afternoon/evening)
JCTVC-R0137 Non-SCCE4: Unified method for coding string matching syntax using a universal entropy coding scheme [S.-T. Hsiang, T.-D. Chuang, S. Lei (MediaTek)]

This contribution develops a unified method for coding new syntax elements employed by string matching coding. The proposed method utilizes a universal entropy coding scheme representing a syntax value by sending its most significant bit (MSB) index and refinement bits. It is reported to achieve 4.8%, 2.9%, and 2.2% average Luma BD-rate savings compared with the results of the SCCE4 Test3.1 for YUV, text & graphics with motion, 1080p sequences under AI-Main-Tier, RA-Main-Tier, and LB-Main-Tier, respectively, of the screen content coding (SCC) CTCs. It is also reported that the proposed universal entropy coding scheme is experimentally shown to be efficient for coding other new syntax elements used by the new SCC coding tools and can thus further support coding some other new SCC syntax elements by a unified entropy coding scheme.

Perform intial complexity analysis in context of side activity (see further notes under SCCE4 summary).
JCTVC-R0303 Non-SCCE4: Cross-check of JCTVC-R0137 [F. Zou (Qualcomm)] [late]
JCTVC-R0225 Non-SCCE4: Constrained run for 1D dictionary coding [F. Zou, Y. Chen, J. Sole, M. Karczewicz (Qualcomm)] [late]

This proposal presents preliminary results by constraining the current 1D dictionary (string match) methods investigated under the current SCCE4. It is reported that the current 1D dictionary methods may require much more times of memory access from different locations of the reference area compared to e.g., Intra BC. Therefore, it could be beneficial to address more pixels for each string match. In this proposal, the matching length is constrained to be equal or larger than a predefined threshold T, e.g., 4. The simulation results show that the constraint as implemented based on SCCE4 proposals JCTVC-R0098 and JCTVC-R0140 leads to noticeable bitrate increase. It is suggested to have discussions on 1) whether the proposed constraint is needed, if yes, 2) in which extent such a constraint should apply, e.g., what is a suitable number of T? and 3) in which level of reference region such a constraint does not need to apply, e.g., should the constraint for a match from pixels within the same CU and that for a match from pixels outside the current CTU be different? 

Further discussion in BoG (see under SCCE4 summary). 
TBD: CE on string matching for sample coding (after BoG report)
6.2.5 SCCE5 related (inter-component prediction and adaptive colour transform) (5)

(chaired by JRO, 07-02 evening)
JCTVC-R0178 Non-SCCE5: On index signaling of cross component prediction [L. Zhang, M. Karczewicz, J. Chen, J. Sole (Qualcomm)]

No need to review after the adoption of R0147.
JCTVC-R0284 Cross-check of R0178 Non-SCCE5: On index signaling of cross component prediction by Qualcomm [X. Zhang, R. Cohen (MERL)] [late]

JCTVC-R0180 Non-SCCE5: Deblocking filter for in-loop color-space transform [L. Zhang, J. Chen, J. Sole, M. Karczewicz (Qualcomm)]

No need to be presented according to proponents.

Agreed to subsume into study of new AHG on loop filtering in context of SCC (see under XXX)
JCTVC-R0290 Cross-check of Non-SCCE5: Deblocking filter for in-loop color-space transform (JCTVC-R0180) [B. Li, J. Xu (Microsoft)] [late]
JCTVC-R0321 Non-SCCE5: Modified alpha-parameter sets in cross-component prediction for SCC [K. Kawamura, S. Naito (KDDI)] [late]

The current alpha coding method for the cross-component prediction simply utilize the least bins to signal the smaller alpha values based on the characteristics of camera captured content. However, it is observed that the alpha is often chosen to be positive value, especially 1.0, for screen contents in RGB color space. Furthermore, statistics of selected alpha value depend on the prediction modes such as regular intra prediction, intra block copy, and inter prediction. Therefore, two parameter sets for alpha coding are proposed. In addition, an encoder only optimization is also presented based on the RDO. In the encoder implementation, RGB videos always utilize the additional two parameter sets while the YUV videos utilize the same set in SCM1. BD-rates gains for RGB videos under lossy coding with all intra / random access / low-delay B conditions are as follows.

0.0% / -0.2% / -0.3% for RGB, text & graphics with motion, 1080p
-0.4% / -0.5% / -0.7% for RGB, text & graphics with motion,720p
-0.6% / -0.7% / -0.7% for RGB, mixed content, 1440p
-0.5% / -0.5% / -0.8% for RGB, mixed content, 1080p
-0.6% / -0.8% / -0.6% for RGB, Animation, 720p
-1.0% / -0.7% / -0.6% for RGB, camera captured, 1080p
The normative part of the proposal is not necessary any more upon adoption of R0147. Not clear whether the encoder-only optimization would still be relevant. If yes, further contribution on this non-normative aspect would be welcome.
JCTVC-R0338 Crosscheck of Non-SCCE5: Modified alpha-parameter sets in cross-component prediction for SCC (JCTVC-R0321) [L. Zhang (Qualcomm)] [late]
6.2.6 Other (14)
(chaired by JRO, 07-02 evening)
JCTVC-R0218 trType for Intra Block Copy for screen content coding [X. Zhang, R. Cohen (MERL)]

Currently in SCM 1.0, the transform used in CUs using intra block copy mode is the same as that used for CUs using the other directional intra prediction modes. For 4x4 TUs, the DST-like transform with trType=1 is used, and for other TU sizes the DCT-like transform with trType=0 is used. This document proposes modifying intra block copy in SCM so it uses the same transform as is used for inter-coded CUs, i.e. trType=0. Average gains for RGB and Y components are up to 0.2% and 0.1% respectively for all intra lossy test conditions, 0.2% and 0.1% for random access, and 0.4% and 0.1% for low delay. A second method that uses transform trType=0 for all intra-coded CUs yields average gains for RGB and Y components up to 0.5% and 0.3% respectively for all intra lossy test conditions, 0.4% and 0.2% for random access, and 0.4% and 0.2% for low delay.
Note: In an earlier phase of IBC (when it was included in RExt), the usage of DST was changed to DCT (see BoG report JCTVC-O352 of Oct. 2013 meeting). 

Not an urgent issue at this point. It is necessary to keep this in mind and consider dependent on the final role of IBC (intra/inter or third mode?).

JCTVC-R0199 Cross-check of JCTVC-R0218 on Transform by MERL [P. Lai, S. Liu (MediaTek)] [late]

JCTVC-R0219 Improvement of cross-component prediction [X. Zhang, R. Cohen (MERL)]

SCM1.0 (and HM-14.0+RExt-7.0) contains a cross-component prediction (CCP) process. This document proposes modifying the CCP process by adding an offset block to the reconstructed luma (or first component) residual block. This offset block is the difference between the luma prediction block after intra boundary filtering is applied and the same block before intra boundary filtering is applied. The intra boundary filtering is not modified. Simulations results for making this modification to SCM1.0 are provided. For all intra test conditions, average improvements in BD-rate performance are up to 1.7% for RGB sequences and 0.2% for the Y component of YCbCr sequences.

The proposal intends to still use intra boundary filtering (IBF) for intra prediction, but use the result prior to filtering for CCP. To achieve this, the difference between the input and output of IBF is computed and used for compensation.

JCTVC-R0347 Cross-check of Improvement of cross-component prediction (JCTVC-R0219) [B. Li, J. Xu (Microsoft)] [late]

JCTVC-R0114 Optionally disabling the usage of the intra boundary filters for SCC [X. Zhang, K. Zhang, J. An, H. Huang, S. Lei (MediaTek)]

In this contribution, it is proposed to conditionally disable the boundary filters for Intra horizontal, vertical, and DC modes altogether for both lossless and lossy coding with flag controls in SPS and slice header. Experimental results reportedly show that when the Intra boundary filters are always disabled in SPS, the lossy coding BD-rates in AI, RA and LD are as follows:

-1.0%, -0.5% and -0.2% for RGB, text & graphics with motion, 1080p
-1.5%, -1.2% and -0.7% for RGB, text & graphics with motion,720p
-2.0%, -1.2% and -0.5% for RGB, mixed content, 1440p
-1.9%, -1.2% and -0.4% for RGB, mixed content, 1080p
-0.8%, -0.4% and -0.2% for YUV, text & graphics with motion, 1080p
-0.4%, -0.2% and -0.3% for YUV, text & graphics with motion,720p
0.0%, 0.1% and -0.1% for YUV, mixed content, 1440p
-0.3%, 0.0% and -0.1% for YUV, mixed content, 1080p.
Higher gain in mixed content – how does this comply with the rationale that IBF is disadvantageous for screen content?

Generally, gain is in a similar margin as for R0219, slightly lower for YUV.

JCTVC-R0282 Cross-check of JCTVC-R0114 on disabling the usage of the intra boundary filters for SCC [P. Onno (Canon)] [late]

JCTVC-R0314 On intra chroma boundary filtering [B. Li, J. Xu (Microsoft), X. Zhang, R. Cohen (MERL)] [late] 

This document proposes to enable intra boundary filter for the second and third components in the 444 chroma sampling format. The experimental results show the proposed modification achieves 2.2% bit-rate saving on average for RGB, Mixed Content, 1440p, AI lossy coding.
Uses IBF for all three components both for the purpose of intra prediction and CCP.

CE on IBF/CCP interdependency (R0114, R0219, R0314) coordinator: R. Cohen
JCTVC-R0334 Crosscheck of JCTVC-R0314 on Intra chroma boundary filtering [P. Onno (Canon)] [late]

JCTVC-R0087 On Sample Adaptive Band Value for Screen Content Coding [G. Laroche, T. Poirier, C. Gisquet, P. Onno (Canon)]

This contribution reports the results of SAO Band value presented in JCTVC-Q0068 on top of the SCM1.0. This SAO type is similar to the sample adaptive band offset. The difference is that all filtered pixels of a band are systematically equal to a decoded value instead of being equal to the addition of the decoded pixels and the decoded offset. The proposed method gives an average BDR gain of 1.1% for all sequences and all configurations compared to the SCM1.0. It is reported that the proposed method provides on average 2.5% BDR gain for 1080p text and graphics class under the SCC test conditions. 

Presentation deck not uploaded.
Question: Would this still be effective in combination with palette mode approaches? Such content where the problem is evident would hardly be coded by transform coding.

Further study in the context of the new AHG on loop filters for SCC.

JCTVC-R0335 Crosscheck for JCTVC-R0087 on sample adaptive band value for screen content coding [X. Zhang (MediaTek)] [late]

JCTVC-R0102 Fix and improvement for hash based inter search [B. Li, J. Xu (Microsoft)]

This document proposes bug fix and improvement in hash based inter search process. With the (non-normative) modifications, the maximum bit saving is about 4% for Console RGB LB lossy coding. The impact on the other sequences are not so large. The encoding time is also decreased a little.
1. Bug fix on MV setting.
The MV in xHashInterEstimation() is not set properly. This document proposes to fix this bug.
2. Proposed modifications.

The current SCM (under SCC CTC) performs inter mode decision in the following way:

· Check Inter 2Nx2N.

· Check Skip and Merge.

· Check Hash based Inter.

· If not early terminate (based on both early skip detection and hash detection), check the following modes.

Due to the bug in current implementation, the early termination does not work properly. Compression improvements are due to the other proposed modifications.

Decision (BF/SW): Adopt JCTVC-R0102
JCTVC-R0259 Cross-check of JCTVC-R0102 Fix and improvement for hash based inter search [X. Xu, S. Liu (MediaTek)] [late]

JCTVC-R0104 On HAD calculation in the lossless RDO process [B. Li, J. Xu (Microsoft)]

This document proposes to get rid of HAD calculation in the RDO process for lossless coding. The experimental results show that the proposed method brings some bit saving (1.3% for RGB TGM 1080p RA, 1.4 for YUV TGM 1080p RA, 1.4% for RGB TGM LB, 1.5% for YUV TGM 1080p LB on average) for lossless coding under SCC CTC. Some encoding time saving is also observed.

Decision (SW): Adopt JCTVC-R0104, also for HM/HM-RExt in general
JCTVC-R0260 Cross-check of JCTVC-R0104 on HAD calculation in the lossless RDO process [Y. He, Y. Ye (InterDigital)] [late]
JCTVC-R0105 On motion estimation start point [B. Li, J. Xu (Microsoft)]

This document proposes to modify the start point of motion estimation in the SCM software. The proposed modification brings about 14% encoding time saving for both RA and LB configurations in lossy coding and about 19% and 20% encoding time saving for RA and LB in lossless coding. Some coding efficiency improvements are also observed (about 0.9% bit saving for RGB mixed content 1440p and YUV mixed content 1440p in RA lossy coding).

Decision(SW): Adopt JCTVC-R0105, also for HM/HM-RExt in general
JCTVC-R0261 Cross-check of JCTVC-R0105 on motion estimation start point [Y. He, Y. Ye (InterDigital)] [late]
JCTVC-R0106 Adaptive motion vector resolution for screen content [B. Li, J. Xu, G. J. Sullivan, Y. Zhou, B. Lin (Microsoft)]

This document proposes and reports performance measurements for disabling fractional pixel motion compensation in high-level syntax, as previously proposed in JCTVC-P0277 and JCTVC-Q0155. It is observed that when encoding video content captured from screens, most of the spatial displacements are full pixel displacements – few of them are at fractional pixel positions. Considering the fact that no bits need to be spent on the fractional parts of motion vectors for such content, the proposed scheme can reduce the bit rate needed to encode such content. Since fractional-sample interpolation is avoided, the decoding complexity is reduced when the scheme is applied. Depending on how the encoder operates, the encoding process can also be simplified, as the fractional-sample search is unnecessary when disabled for the decoding process. The proposed modification, which is slightly different than previously proposed (simplifying the MV derivation by eliminating the need for a rounding operation for MV predictors), does not change the syntax or parsing process (except for adding a control indication at the header level). The modification is shown to improve coding efficiency as much as 7.3% for some screen content. For RGB text and graphics with motion (TGM) 1080p sequences, 2.8% and 4.2% bit saving on average is obtained for RA and LB lossy coding when multi-pass decision is used. To speed up the encoding process, hash based decision on MV resolution is developed. The single-pass encoding is shown to improve coding efficiency as much as 7.0% for some screen content. For RGB TGM 1080p sequences, 1.6% and 3.0% bit saving on average is obtained for RA and LB lossy coding. The experimental results show that most coding gain could be obtained without increasing the encoding complexity.

The usage of integer pel is signalled per slice (via PPS).

The single-pass method has loss 0.2-0.7% for some sequences.

It is generally agreed that for specific coding of screen content the capability of selectively restricting motion compensation to integer precision is useful (due to the fact that some content is generated that way).

The multi-pass method would allow to actually realize compression gain for sequences where it applies without receiving losses on other sequences. However, it would double the encoding time which would be undesirable for common conditions.

The single-pass method has losses for some sequences, which also would be undesirable for common conditions.

At the current stage of development, no benefit is obvious to adopt this as an optional condition in the TM, since no other planned CE really would need it. If a more advanced method of encoder optimization would be found (fast and without for specific sequences), this would be a good candidate for inclusion in common conditions.
Follow-up discussion in JCT-VC plenary Sat. 16:00

· Would this be a reasonable functionality for screen content, such that it would appear likely to be part of a final spec?

· Counter-arguments brought: The bit rate saving reported here may not be too relevant, considering the fact that the total bitrate may already be low; this could partially be realized by non-normative means (as had been investigated in CE before Valencia) – would be interesting to get the same information for the new test sequences.

· It was also suggested to eventally not only restrict full-pel, but add a code point for half pel

Further study recommended.

JCTVC-R0350 Crosscheck of JCTVC-R0106 on Adaptive motion vector resolution for screen content [K. Rapaka] [late]
6.3 HL syntax common issues for range extensions, 3D, SHVC, and single-layer HEVC coding (1)
6.3.1 Auxiliary pictures (1)

JCTVC-R0062 On monochrome coding (concerning multi-layer profiles and auxiliary pictures) [M. M. Hannuksela (Nokia)]

See notes for AHG10 report.
6.3.2 Other (0)

6.4 HL syntax in SHVC and 3D extensions (30)
6.4.1 General HLS issues and cleanups (14)
BoG (Boyce) to discuss some small cleanup issues 1Q Rm. 104.

JCTVC-R0345 BoG report on HLS [J. Boyce] 

Discussed 07-06 Track A (GJS) p.m.

The BoG met on 3 July 2014.

The BoG recommended the following (with further detail as necessary to be found in the BoG report and as noted below):

· JCTVC-R0226

· Modification to semantics of slice_temporal_mvp_enabled_flag.
· Modification to semantics in temporal motion vector prediction constraints SEI message.
· JCTVC-R0227

· Signalling of bit rate and picture rate information for additional layer sets.
· Adding a restriction on update of representation format of the base layer.
· Bug fix and simplification for value ranges of num_negative_pics, num_positive_pics, and num_long_term_pics.
· Add semantic constraint of vps_vui_bsp_hrd_present_flag.
· Remove restriction on update of separate_color_plane_flag in SPS.
· Further discussion in Track A 07-07 (GJS) p.m. regarding video signal type (VST) information (e.g., transfer_characteristics, matrix_coefficients, colour_primaries). It was questioned whether to prohibit these from being present when the base layer is not internal.

· Further discussion in Track A 07-08 (GJS) a.m. The prior text was asserted to be inconsistent in regard to whether the VST is sent for the base layer. The presented "Option 1" is to not signal it (which was the original proposal), and was preferred. Thus, the prior agreement of the meeting was confirmed. It was suggested that when the base layer is internal, we should send the VST also for the base layer along with the other layers (e.g., for session negotiation purposes). Decision: Agreed (send VST for base layer when internal).
· JCTVC-R0276

· Generalize scalable nesting SEI message so that it can be applied to additional layer sets.
· Editorial cleanups to derivation of BitstreamToDecode in the HRD and semantics of scalable nesting SEI message and the sub-bitstream property SEI message to properly reference the subclauses of F.10.x.
· JCTVC-R0154

· Add inference value to alt_output_layer_flag[ i ].
· Modify semantics of default_output_layer_idc and output_layer_flag[ i ][ j ] to consistently handle auxiliary pictures.
· JCTVC-R0155

· Modify the semantics of slice_type for I slice_type with respect to IRAP pictures and sps_max_dec_pic_buffering_minus1[ TemporalId ] value to enable inter-layer prediction could be used for pictures with nuh_layer_id > 0.
· Constrain the allowed range for values of output_layer_set_idx_to_vps[ i ].
· JCTVC-R0157

· Constrain DependencyId and ViewOrderIdx to increase with increasing values of nuh_layer_id (text in v2 version).
The BoG also met on 5 July 2014. No additional recommendations were made at that time, but review was confirmed of text for R0157.

Additional notes on R0276, recording actions subsequent to the BoG discussion, are recorded in the part of this report that discusses that contribution.
Decision: The BoG recommended actions are agreed (see also additional notes for R0276).
JCTVC-R0236 MV-HEVC/SHVC HLS: On access unit boundary detection [M. M. Hannuksela (Nokia)]

Discussed 3rd day (Wed.) Track A (GJS) a.m.

The contribution proposes some changes into subclause 7.4.2.4.4 "Order of NAL units and coded pictures and their association to access units". The proposal addresses some issues identified in editors' notes in the Valencia output text.

· The phrasing "The first of any of the following NAL units after the last VCL NAL unit of a coded picture with nuh_layer_id equal to 0 specifies the start of a new access unit" is used in subclause 7.4.2.4.4 and then the list of these NAL units include e.g. SPS, PPS and prefix SEI NAL units. However, within a "multi-layer" access unit at least an SPS, PPS, or prefix SEI NAL unit may be present after the last VCL NAL unit of the picture with nuh_layer_id equal to 0. In such a case, a version 1 or RExt decoder would determine an access unit boundary at the SPS/PPS/SEI NAL unit (at a wrong location). Some of the proposed changes seemed to not be backward compatible.
Further discussion of this aspect was conducted on 07-04 (GJS) on this aspect to consider whether some constraint expression or informative text should be added to the specification.
It was noted that version 1 already contained a classification of NAL units with layer ID greater than 0 into VCL and non-VCL categories, which means that the last VCL NAL unit in an access unit (even in a version 1 context) may have a layer ID greater than zero. However, it seems to have been an oversight that the version 1 text referred to the last VCL NAL unit of a picture rather than the last VCL NAL unit of an access unit. This could cause confusion. However, the interpretation in the proposal is what was the design intent for version 1.
[Ed. Add clarification – note that the AVC definition of "picture" which is what we were assuming when we wrote version 1, was define a picture as containing all VCL NAL units of the AU. We later changed the definition of "picture" for scalability extension, and this caused the problem.]

As a practical matter, it seems of little consequence whether version 1 decoder makers used that interpretation or not, for two reasons: 1) it is unlikely that if a decoder made an incorrect determination of the location of the AU boundary that it would really make any difference to its ability to properly process and decode the bitstream, and 2) it may not really be that common to expect multilayer bitstreams to be encountered by unmodified version 1 decoders in practice (e.g., since non-base layers may be expected to be delivered through a separate transmission path or since deployments may be in environments with new capability or since the quantity of enhancement layer data may cause the bit rate capability of a version 1 decoder to have difficulties), although it is our design intent that this should be possible to do. It was asserted that there could be a real problem for the multilayer design if we do not use the suggested interpretation.
After discussion, it seemed that we would either need to completely disallow PS sharing (at least for layer 0) or use this interpretation.
Decision: Adopt the proposed clarification and issue a defect report document that highlights the issue.
· The phrasing in in subclause 7.4.2.4.4 is not explicit whether nuh_layer_id equal to 0 or any nuh_layer_id value is considered in determining the first NAL unit of an access unit. This aspect is a clarification of the prior basis text. Decision (Ed.): Adopt this aspect.
JCTVC-R0279 MV-HEVC/SHVC HLS: More miscellaneous cleanups [Hendry, Y.-K. Wang, A. K. Ramasubramonian (Qualcomm)] [late]

Discussed 3rd day (Wed.) Track A (GJS) a.m.

The initial discussion focused on aspect 2.

Discussed further 07-04 (Fri.) Track A (GJS) evening.

This document proposes the following changes:

1. Clarification of the semantics of access unit delimiter RBSP to be applicable in multi-layer context (text in an attachment)

The proposal is to specify that the pic_type syntax element, which identifies the slice types allowed in the current picture, applies to all pictures in the AU.
Decision (Ed.): Adopt.

2. Clarification of the specifications of order of NAL units and coded pictures and their association to access units in both subclauses 7.4.2.4.4 and F.7.4.2.4.4 (text in an attachment)
Decision (Ed.): Append "with layer_id equal to 0" to ordering constraints for AUD NAL unit in clause 7.
Editor action item: Some other elements are clearly editorial and are delegated to the editors for consideration.

3. To specify that for any independent non-base layer the used representation format is the one that is signalled in the active SPS for the layer.
Decision (Ed.): Adopt.

Editor action item: It was recommended for the editors to also add some note or expression of a requirement that the representation format must be signalled in the active SPS.

4. To clarify the use of parameters in parameter sets for interpretation of semantics of the frame-field information SEI message, including the following two parts, and it is also suggested to make a systematic check for other SEI messages for the need of similar clarifications:

· To require that a frame-field information SEI message that applies to a particular set of layers shall not be present when the value of field_seq_flag is not the same for all active SPSs for the particular set of layers.

· To require that a frame-field information SEI message that applies to a particular set of layers shall not be present when general_progressive_source_flag and general_interlaced_source_flag are not identical, respectively, for all the profile, tier and level syntax structures that apply to the bitstream partitions that contain the layers to which the frame-field information SEI message applies.
Decision (Ed.): Adopt (both identified aspects, and further similar clarifications if identified by the editors)

5. To clarify the semantics of the temporal sub-layer zero index SEI message for its use in multi-layer contexts, and to add a syntax element to indicate the number of previous consecutive temporal sub-layer zero pictures that have discardable_flag equal to 1 (text in an attachment).
The contribution proposed extending the syntax of the temporal sub-layer zero index SEI message. It was remarked that the proposal seems to change the spirit of what the prior interpretation of the SEI message would be.
Editor action item: Add a note to advise encoders that, when using this SEI message, not to set discardable flag = 1 for TL0 pictures that are not RASL, RADL or sub-layer non-reference pictures.

Decision (Ed.): Change semantics to clarify that it applies to the pictures of the associated layers.

6. To change the recovery point SEI message to correct the POC derivation when random access is performed and to clarify/add the POC derivation when layer-switching is performed. To enable the use of recovery point SEI messages in bitstreams with poc_msb_val signalled, a syntax element is added to indicate the POC MSB information of the pictures associated with the recovery point SEI message. (text in an attachment).
Approach 1: The contribution proposed extending the syntax of the recovery point SEI message.

Approach 2: Another possible approach would be prohibiting using the RP SEI message when the POC deltas derived for later pictures would be incorrect. A new message could be defined for use in the cases where it would be prohibited to use the current message.

Approach 3: Another possible approach would to allow the RP SEI message to be used, but specify that it is only relevant to recovery of the version 1 decoding process. A new message could be defined to additionally provide recovery capability for the multilayer decoding process.

Approaches 1 and 3 seemed better than approach 2.

It was commented that adding some NOTE might suffice, and that some aspects of "approach 2" as described above may not be correct.

This was discussed in joint JCT-VC and JCT-3V review on 07-05 (GJS & JRO), and it was agreed that this modification does not need to be interpreted as extending the capability of the SEI message – as it is rather only making the SEI message available for use by extension decoders rather than changing the functionality for existing decoders.

Further discussed 07-06 a.m. (GJS).

It was remarked that the POC MSBs can be obtained from the VCL NAL units, if we require them to be there when necessary.

Further discussed 07-07 p.m. (GJS).

Two possible approaches to constraining the presence of the SEI message were provided as candidates for adoption. It was agreed that the less restrictive "Option 1" seemed best.

Decision: Adopt constraint on presence of the SEI message as described in "Option 1" of the -v2 version of the contribution.
JCTVC-R0230 MV-HEVC/SHVC HLS: Unavailable and useless stuff [Y.-K. Wang, A. K. Ramasubramonian, Hendry (Qualcomm)]

Discussed 3rd day (Wed.) Track A (GJS) a.m.

This document discusses unavailable base layer, operation points, and output operation points, and how to handle them in bitstream conformance tests. This document also discusses "useless" layers that are neither output layers nor needed directly or indirectly for decoding output layers.

The following are proposed:

· Define fully available (output) operation points and only test fully available (output) operation points in bitstream conformance tests.

· Remove the vps_base_layer_available_flag, and add an SEI message to indicate which (output) operation points are fully available as well as whether the base layer is available. The SEI message can be either provided in the bitstream or through external means. It is suggested to discuss whether to use the information included in the SEI message in the specification of bitstream conformance tests to test only those (output) operation points that are fully available.

In the discussion, there seemed to be some flaws in the proposed approach.
Decision (Ed.): However, it was agreed, as an editorial matter, to only discuss the conformance requirements of OLSs that contain at least one VCL NAL unit.

It was remarked that CBR and fixed frame rate are difficult concepts with removable layers and sub-layers.

Editor action item: Also add a note, to advise encoders to be careful about fixed frame rate and CBR indications in enhancement layers.
The contribution indicated that, in spirit, it should be possible to treat an unavailable base layer in a similar manner as other unavailable layers.

It also proposed to have an SEI message that indicates layers that are actually present. Such an SEI message would need to be rewritten or removed if some layers are removed from the bitstream.

It was discussed to consider the possibility of having an external means indication of layer presence or absence. This might entail requiring systems to provide such an indicator, which seems undesirable.

Further discussed 07-04 (Fri.) Track A (GJS) a.m.

Decision (Ed.): Only require conformance of extracted sub-bitstreams corresponding to operation points for which all layers of the operation point (both the "necessary" and "unnecessary" layers for the decoding of the output layers) have VCL data in the bitstream and for which the highest TID of the operation point is a TD in that VCL data.

JCTVC-R0156 MV-HEVC/SHVC HLS: Move conformance cropping window parameters to rep_format( ) syntax structure of VPS extension [J. Boyce, D. Hong (Vidyo)]

Discussed 3rd day (Wed.) Track A (GJS) p.m.

It is proposed to move the signaling of the conformance cropping window parameters of enhancement layers from the SPS to the VPS extension, as part of the rep_format( ) syntax structure. It is asserted that this movement will enable more frequent parameter set sharing.
Decision: Adopt.
JCTVC-R0272 HEVCv1/MV-HEVC/SHVC HLS: Conformance cleanups [Y.-K. Wang, A. K. Ramasubramonian, Hendry (Qualcomm)] [late]

Discussed 3rd day (Wed.) Track A (GJS) p.m.

This document discusses layer sets, output layer sets (OLSs), and the use of the profile, tier, and level (PTL) syntax structure, the hrd_parameters( ) syntax structure, as well as the buffering period (BP), picture timing (PT), and decoding unit information (DUI) SEI messages for the conformance tests. The following items are proposed:

1. To discuss the need of changing HEVC version 1 to allow signalling of tier and level for layer sets that are not corresponding to the entire bitstream in the base VPS, including for the 0-th layer set (i.e. the 0-th OLS that contains only the base layer), probably as a corrigendum. It was agreed that nothing that affects version 1 encoders or decoders should be done.
2. Disallowed the signalling of base-layer-output-only OLSs (where there is only one output layer that is the base layer) in the VPS extension. No action taken on this aspect, as it may actually be useful to specify an OLS index for an OLS in which only the base layer is output.
3. Clarify that directly nested BP, PT, and DUI SEI messages only apply to the operation points that correspond to base-layer-output-only OLSs.

4. Clarify the bitstream conformance test process to include three parts as described in subclause 1.7 of the contribution document.

· Tests for the entire bitstream and its temporal subsets. In these tests only the base layer is the output layer (i.e. the entire bitstream is equivalent to a base-layer-output-only OLS). Use the PTL syntax structure and the hrd_parameters( ) syntax structure in the SPS active for the base layer for all these tests and the non-nested BP, PT, and DUI SEI messages. If there is a layer set corresponding to the entire bitstream, the applicable hrd_parameters( ) syntax structure in the active VPS and the applicable nested BP, PT, and DUI SEI messages can also be used.

· Tests for layer sets (that do not correspond to the entire bitstream) and their temporal subsets. These layer sets are equivalent to base-layer-output-only OLSs. The applicable hrd_parameters( ) syntax structure in the base part of the active VPS, and the applicable and directly nested BP, PT, and DUI SEI messages are used. If more PTL syntax structures are allowed in the base VPS part, then the most appropriately applicable PTL syntax structure in the base VPS part is used. Otherwise, the only PTL syntax structure in the base VPS part is always used for these tests.

· Tests for all OLSs specified in the VPS extension, excluding the base-layer-output-only OLSs that are covered above (if it is disallowed to signal base-layer-output-only OLSs in the VPS extension, then none is excluded), and their temporal subsets, including those OLSs corresponding to the additional layer sets (as specified in the AHG10 output text in JCTVC-R0010v3 / JCT3V-I0010v3) that do not contain the base layer.

· For the base-layer-output-only OLSs among all OLSs specified in the VPS extension, if any, the applicable hrd_parameters( ) syntax structure in the base part of the active VPS, and the applicable and directly nested BP, PT, and DUI SEI messages are used.

· For non-base-layer-output-only OLSs among all OLSs specified in the VPS extension, the applicable hrd_parameters( ) syntax structure, either in the base or the extension part of the active VPS, and the applicable, indirectly nested BP, PT, and DUI SEI messages are used.

· Note that if a non-base-layer-output-only OLS contains all layers in the entire bitstream, still only indirectly nested BP, PT, and DUI SEI messages may be used, not the non-nested ones, as the non-nested ones are for the base-layer-output-only OLS containing all layers in the entire bitstream.

· The use of the PTL syntax structure is the same for both base-layer-output-only OLSs and non-base-layer-output-only OLSs among all OLSs specified in the VPS extension. The most appropriately applicable PTL syntax structure, either in the base VPS or in the VPS extension, is used.

· Note that if a non-base-layer-output-only OLS contains all layers in the entire bitstream, still only a PTL syntax structure in the VPS may be used, not the one in the PTL syntax structure in the SPS active for the base layer, as that one is for the base-layer-output-only OLS containing all layers in the entire bitstream.

Items 3 and 4 of the contribution depend on whether the AHG 10 output text is adopted or not.

In discussion of item 1, regarding where additional data could be placed that is relevant only to the base layer subset, putting it at an early position in the VPS extension was suggested. The proposal would be to add PTL information for the base layer sub-bitstream. 
Further discussion of item 1 on 07-06 p.m. (GJS).

Text for the syntax was reviewed, to be uploaded with a revision. The PTL seen by a version 1 decoder contains the entire bitstream. The PTL for the 0-th OLS is placed at the beginning of the VPS extension (when the base layer is not provided by external means and there is some enhancement layer).

Decision: Adopted (item 1).

Further discussion in Track A 07-07 (GJS) p.m.

Refined text was reviewed.

Decision: Adopted (items 3 and 4), with key elements of the text provided in -v2.

JCTVC-R0155 MV-HEVC/SHVC HLS: Comments on SHVC and MV-HEVC [S. Deshpande (Sharp)]

Proposal 1 belongs to this agenda category.
Proposal 2 relates to the sub-bitstream property SEI message and hence relates to agenda category 6.5.2.

BoG (J. Boyce).
JCTVC-R0157 Miscellaneous questions and clarifications for SHVC [J. Boyce (Vidyo)]

Reviewed in Track A (GJS) on 2nd day (Tue.) a.m.

Contains one aspect commenting on CGS.
The colour mapping 3D LUT is signaled in the PPS. Each 3D LUT may require up to 384*12 bits.  There may be up to 64 picture parameter sets. In the worst case, a significant amount of 3D LUT storage is required, 64 * 384 * 12 bits.

It is proposed to allow only 8 picture parameter sets containing 3D LUTs, in order to limit the storage requirement.

Proposed language: "When pps_pic_parameter_set_id greater than or equal to 8, colour_mapping_enabled_flag shall be equal to 0."

In the discussion, an alternative was suggested, being that no more than 8 can have the mapping data, but that they do not need to be the PPS ID values from 0 to 7. However, it seemed difficult to determine how to specify this, considering that we ordinarily don't refer to non-active parameter sets.

Decision: Adopt (this aspect).

Other aspects BoG (J. Boyce – chaired by M. Hannuksela).
JCTVC-R0071 MV-HEVC/SHVC HLS: On cross-layer impacts of IRAP and EOS [M. M. Hannuksela (Nokia)]

Discussed 4th day (Thu.) Track A (GJS) p.m.

The contributions asserts that the lack of cross-layer impacts as response to end of sequence (EOS) NAL unit and IRAP pictures with an indicated broken link is undesirable and proposes the following:

1. It is proposed that if the current picture is the first picture that follows an end of sequence NAL unit (with nuh_layer_id equal to 0) in decoding order, NoClrasOutputFlag is set equal to 1. (This causes marking of all pictures in the DPB as "unused for reference" as well as setting LayerInitializedFlag and FirstPicInLayerDecodedFlag equal to 0 for all layers, which initializes the layer-wise start-up process.)
Item 1 is asserted to be functionally identical to an aspect in JCTVC-R0224.
Decision: Adopt this aspect.
2. It is proposed that when nuh_layer_id is greater than 0, BLA pictures, CRA pictures with HandleCraAsBlaFlag equal to 1 and IDR pictures with cross_layer_bla_flag equal to 1 cause the following:

a. LayerInitializedFlag and FirstPicInLayerDecodedFlag is set equal to 0 for the current layer and all layers directly or indirectly predicted from the current layer. (Consequently, layer-wise start-up is enforced for these layers.)

b. Each picture in the DPB for the current layer and all layers directly or indirectly predicted from the current layer are marked as "unused for reference".

Decision: Adopt this aspect.
3. It is proposed to allow EOS NAL unit with nuh_layer_id greater than 0.

It is proposed that the decoding of the EOS NAL unit with nuh_layer_id greater than 0 causes the same impacts as those above (2a and 2b). Furthermore, for the semantics of SEI messages applying for nuh_layer_id greater than 0, it is proposed that EOS NAL unit with nuh_layer_id greater than 0 is treated similarly to an end of sequence for the persistence of the SEI message. When present, an EOS NAL unit with a particular nuh_layer_id value shall be the last NAL unit with that particular nuh_layer_id value within an access unit, except an end of bitstream NAL unit with that nuh_layer_id value (when present).

It is noted that as proposed in JCTVC-R0235/JCT3V-I0048, when a bitstream without a base layer (vps_base_layer_available_flag equal to 0) is proposed the layer with smallest nuh_layer_id value is treated in the decoding process the same way as the base layer. Among other things, BLA pictures, CRA pictures with HandleCraAsBlaFlag equal to 1 and IDR pictures with cross_layer_bla_flag equal to 1 cause a cross-layer impact.

It is asserted that the proposed item 2 makes BLA pictures, CRA pictures with HandleCraAsBlaFlag equal to 1 and IDR pictures with cross_layer_bla_flag equal to 1 of the lowest layer of a layer tree (without a base layer) to cause a cross-layer impact both when the layer tree is decoded as part of a bitstream with a base layer and when the layer tree is extracted (with subclause F.10.3 of the AHG10 output text) to become a bitstream without a base layer.

It is asserted that the proposed item 3 makes the IRAP picture following an EOS NAL unit in the same non-base layer cause a cross-layer impact both when the layer tree is decoded as part of a bitstream with a base layer and when the layer tree is extracted (with subclause F.10.3 of the AHG10 output text) to become a bitstream without a base layer.

Discussed 07-04 (Fri.) Track A (GJS) p.m.

Further discussion 07-06 p.m. in Track A (GJS)

Refined text was reviewed, as provided in a revision of the document. Item 3 was clarified. A new item 4 was added, regarding the derivation of NoOutputOfPriorPicsFlag for a INBL and its dependent layers.

Decision: Adopt these aspects (items 3 as modified, and item 4).
JCTVC-R0224 MV-HEVC/SHVC HLS: Clarifications to the specification of end of sequence (EOS) NAL unit [A. K. Ramasubramonian, Hendry, Y.-K. Wang (Qualcomm)]

Discussed 4th day (Thu.) Track A (GJS) p.m.

This contribution discusses an issue resolved by the action taken on R0071.
JCTVC-R0226 MV-HEVC/SHVC HLS: On indication of the use of temporal motion vector prediction [Hendry, A. K. Ramasubramonian, Y.-K. Wang (Qualcomm)]

BoG (J. Boyce).
JCTVC-R0227 MV-HEVC/SHVC HLS: Miscellaneous cleanups [Y.-K. Wang, Hendry, A. K. Ramasubramonian (Qualcomm)]

BoG (J. Boyce).
JCTVC-R0238 MV-HEVC/SHVC HLS: Editorial cleanups [A. K. Ramasubramonian, Y.-K. Wang, Hendry (Qualcomm)]

Discussed 4th day (Thu.) Track A (GJS) a.m.

This document proposes several editorial cleanup changes to the current Specification. It is asserted that most of these changes are fixing bugs introduced during editing, or clarifying the intent of the design. The following is a list of some of the major changes introduced:

· Updating the definition of BLA access unit and CRA access unit as an IRAP access unit that contains a BLA picture and CRA picture, respectively, with nuh_layer_id equal to 0.

· Moving syntax elements related to additional layer sets to an earlier positin in the VPS extension, which are used to derive the variable NumLayerSets, such that the variable NumLayerSets is derived before it is used in the semantics.

· Clarifying the semantics of poc_msb_val.

· Miscellaneous bug-fixes and clarifications.

Decision (BF/Ed.): Adopt.

The changes for the text were provided (relative to the latest MV-HEVC text in JCT3V-H1002_v5).
JCTVC-R0276 MV-HEVC/SHVC HLS: On sub-bitstream extraction [M. M. Hannuksela (Nokia)] [late]

Initially reviewed in BoG (J. Boyce). A revision made in response to BoG discussion was reviewed on 07-06 Track A (GJS). The text partially addressed the action taken as noted for R0230.
Item 4 of the proposal had been withdrawn.

Decision: Adopt (as modified).
JCTVC-R0154 MV-HEVC/SHVC HLS: On Alternative Output Layer and Default Output Layer Indication [S. Deshpande (Sharp)]

BoG (J. Boyce).
6.4.2 Layered decoding constraints and capability (AHG10 related) (9)
JCTVC-R0158 is also directly related to proposals in this category.

JCTVC-R0041 Use of general_profile_space for auxiliary picture profile indication [J. Boyce (Vidyo)]

Previously reviewed in AHG10. See notes for the AHG report.
JCTVC-R0054 AHG10: Comments on JCTVC-R0041/JCT3V-I0023 [M. M. Hannuksela (Nokia)]

Previously reviewed in AHG10. See notes for the AHG report.
JCTVC-R0042 AHG10: Profile indication for additional layer sets [M. M. Hannuksela (Nokia)]

Previously reviewed in AHG10. See notes for the AHG report.
JCTVC-R0043 SHVC/MV-HEVC level definitions and related decoder capability requirements [A. K. Ramasubramonian, Y.-K. Wang, K. Rapaka, Hendry (Qualcomm)]

Previously reviewed in AHG10. See notes for the AHG report.
Further Discussion in Track A 07-08 a.m. (GJS): Revisit.
JCTVC-R0044 AHG10: On decoder capability indication [M. M. Hannuksela (Nokia)]

Previously reviewed in AHG10. See notes for the AHG report.
JCTVC-R0046 AHG10: Comments on JCTVC-R0043/JCT3V-I0022 [M. M. Hannuksela (Nokia)]

Previously reviewed in AHG10. See notes for the AHG report.
JCTVC-R0052 Picture size related constraints and level limits [S. Deshpande (Sharp), Y.-K. Wang, Hendry, A. K. Ramasubramonian (Qualcomm), M. M. Hannuksela (Nokia)]

Previously reviewed in AHG10. See notes for the AHG report.
JCTVC-R0053 AHG10 and MV-HEVC/SHVC HLS: On invocation of a correct decoding process for the current picture [M. M. Hannuksela (Nokia)]

Discussed 4th day (Thu.) Track A (GJS) p.m.

The following proposals are made in this contribution:

1. It is proposed that the decoding process of the current picture (subclause 8.1, subclause F.8.1, subclause G.8.1 or subclause H.8.1) is selected on the basis of nuh_layer_id of the current picture and the profile to which the bitstream partition containing the current picture conforms.

2. It is proposed that the general decoding process in subclause 8.1 selects TargetPartitioningScheme based on external means or HRD, and if no other means is available TargetPartitioningScheme is set to 0. The BitstreamToDecode derived in subclause 8.1 is proposed to consist of the partitions containing target output layers, the partitions containing the direct and indirect reference layers of the layers in the partitions containing the target output layers and the partition containing the base layer.

3. The following items, which are asserted to be bug fixes or editorial improvements, are also proposed:

a. It is clearly indicated that the processing for the external base-layer pictures is invoked at the beginning of an access unit, and the processing is separated into its own subclause (F.8.1.6).

b. The invocations of the decoding process for the current picture is gathered in one location (subclause 8.1) to make the text easier to understand. Related subclauses F.8.1, F.8.1.2, G.8.1 and H.8.1 are proposed to be deleted (but their child subclauses are kept).

Decision (Ed.): Adopt items 1 and 3a.

Decision (Ed.): Regarding Item 2, the intent is for the decoding process to be invoked only for output layers and layer on which they depend.

Item 3b (only an editorial matter) was not supported.

It was discussed whether any well-specified constraints are established for a layer that is not indicated to be decoded by any OLS and does not have an associated profile_idc. Decision (BF/Ed.): Prohibit such layers from being present.

JCTVC-R0280 MV-HEVC/SHVC HLS: Bitstream conformance restrictions in subclause C.4 [A. K. Ramasubramonian, Y.-K. Wang (Qualcomm)] [late]

Discussed 4th day (Thu.) Track A (GJS) p.m.

There are a few editor's notes in subclause C.4 (Bitstream conformance) in the latest MV-HEVC/SHVC draft texts. This document proposes changes that are asserted to address some of those editor's notes as well as some other ambiguities related to the bitstream conformance constraints. The issues and the proposed changes are both summarized, and the text changes are provided in an attachment (based on the AHG10 output text in JCTVC-R0010v3 / JCT3V-I0010v3). The text changes also include some other changes that are asserted as editorial changes.
Further discussed 07-06 Track A (GJS) p.m.

Modified text for constraint 5, to be uploaded as a revision, was reviewed after offline study.

Decision (Ed.): Adopted (as modified).
6.4.3 IRAP alignment and POC derivation (1)
JCTVC-R0223 MV-HEVC/SHVC HLS: On POC [Hendry, A. K. Ramasubramonian, Y.-K. Wang (Qualcomm)]

Discussed 4th day (Thu.) Track A (GJS) a.m.

This document discusses a few cases related to multi-layer POC signalling and derivation, and asserts that some changes to the POC-resetting related restrictions would be desirable. It was proposed to:
1) handle missing pictures and discardable pictures in the same manner as different picture types across layers in requiring POC resetting,
2) allow mixing of CRA and BLA pictures without requiring POC resetting (changing language about "different NAL unit type" to IRAP versus non-IRAP); and 
3) explicitly spell out a restriction on the value of full_poc_reset_flag based on the value of poc_reset_idc of pictures in the first access unit in the same POC resetting period.
It was remarked that items 1 and 3 may not really be needed, due to an existing requirement for POC alignment, such that having some informative NOTE might suffice. However, item 3 seemed simple and to make sense, whereas the text suggested for item 1 was a bit obtuse.
Decision: Adopt items 2 and 3 above, and editors are requested to consider adding informative text to address item 1.

6.4.4 HLS for hybrid scalability (4)

JCTVC-R0124 MV-HEVC/SHVC HLS: On hybrid codec scalability [B. Choi, C. Kim (Samsung)] [late]

Discussed 3rd day (Wed.) Track A (GJS) p.m.

On the current design of external base layer, the following changes are proposed.

1. Allowing the motion vector (or others) prediction from the base layer to be externally provided. This is motivated by a desire for the base layer to be coded using HEVC. It was remarked that if the base layer will be coded using HEVC, it could be considered part of the same bitstream (even if transmitted in a different channel by the system), and commented that significant changes of the text would be required to find a way for this information to be provided by external means. Participants said it would require substantial modifications to the text to try to enable this – that the changes described in the contribution would be sufficient. No action was taken on this.

2. Replacing the syntax vps_base_layer_internal_flag in the VPS extension by a flag BaseLayerInternalFlag which is set by external means. This was partly related to the item above. It was not clear that having a flag in the bitstream is a problem. No action was taken on this.

3. Restrictions on vps_base_layer_internal_flag 

a. Making it a requirement of bitstream conformance that, when vps_base_layer_internal_flag is equal to 0, vps_max_layers_minus1 shall be greater than 0. Decision: Adopt.

b. Making it a requirement of bitstream conformance that, when vps_base_layer_internal_flag is equal to 0, vps_max_layer_id shall be greater than 0. This change seemed unnecessary if the item a above is established.

c. Making it a requirement of bitstream conformance that, when vps_base_layer_internal_flag is equal to 0 and the current nuh_layer_id is equal to TargetDecLayerIdList[ 1 ], pps_infer_scaling_list_flag and sps_infer_scaling_list_flag shall be equal to 0. This change seemed unnecessary, as the intended constraint is effectively already established.

d. Making it a requirement of bitstream conformance that, when vps_base_layer_internal_flag is equal to 0, single_layer_for_non_irap_flag and higher_layer_irap_skip_flag shall be equal to 0. It was agreed that the current text does not handle this issue, but a different solution was desired. Decision (Ed.): Define semantics of these flags in an equivalent way as they would be used with an internal base layer. Editor action item: Check other places in the specification to ensure that they are also well defined to work for an external base layer.

e. Making it a requirement of bitstream conformance that, when vps_base_layer_internal_flag is equal to 0, base_layer_parameter_set_compatibility_flag[ i ] shall be equal to 0. It was commented that this is undesirable as it could prevent an independent non-base layer from being easily rewritable. No action was taken on this.

4. Optimization of sub-DPB for the externally provided base layer, to say that when all pictures directly referencing the decoded picture of the base layer are decoded, the sub-DPB for the base layer is set to be empty. It was commented that since DPB sharing is not supported in the current text, this would make only an editorial difference, and that its expression in the text could be undesirable – and that a similar "early marking" was removed elsewhere in the text previous for the same reason. No action was taken on this.
5. Allowing any layer can be externally provided. This seemed too radical to consider at this time, so no action was taken on this.
.
JCTVC-R0125 MV-HEVC/SHVC HLS: Non-base layer subtree and auxiliary pictures [B. Choi, C. Kim (Samsung)] [late]

Discussed 3rd day (Wed.) Track A (GJS) p.m.

Several corrections and restrictions on non-base layer subtree and auxiliary pictures are proposed, as follows:

1. In order to keep the compatibility of slice headers with nuh_layer_id equal to 0 after non-base layer subtree extraction, poc_lsb_not_present_flag[ i ] shall be equal to 1, when layer_id_in_nuh[ i ] is equal to AssignedBaseLayerId[ j ]. It was remarked that this constraint is effectively already present by the requirement that a rewritten bitstream conforms.
Editor action item: The issue is purely editorial and the editors can consider whether some editorial action is desirable to make the constraint impact more clear or explicit.

2. After non-base layer subtree extraction, VPS shall have vps_base_layer_internal_flag equal to 1, when a VPS is present in outBitstream. This item is obseleted by the removal of VPS rewriting SEI message proposed by AHG10, so no action is needed if that action is confirmed.
3. An asserted bug fix in highest_layer_idx_plus1 derivation is reported. Decision: Bug confirmed – adopt fix.
4. Prohibit the base layer pictures from being auxiliary pictures. This constraint is already effectively in the text (in the VPS extension semantics), so no action was needed on this.
5. AssignedBaseLayerId[ i ] is proposed to be set equal to the minimum nuh_layer_id among the layers belonging to the i-th layer set, when AuxId[ nuh_layer_id ] is equal to 0. This seemed contrary to the intent; a rewritten base layer would not be able to be auxiliary picture, but this could be the result of removal of the identification of a layer as an auxiliary picture layer. So no action was taken on this.
6. To require base_layer_parameter_set_compatibility_flag[ i ] to be equal to 0 when AuxId[ layer_id_in_nuh[ i ] ] is greater than 0. This had a similar issue as above, and no action was taken on this.
JCTVC-R0153 MV-HEVC/SHVC HLS: On External Base Layer [S. Deshpande (Sharp)]

Discussed 3rd day (Wed.) Track A (GJS) a.m.

In this document the following signalling and semantics modifications for SHVC and MV-HEVC when base layer is externally specified are proposed:

· Proposal 1: When the base layer is externally specified, signalling modifications and constraints for the max_vps_dec_pic_buffering_minus1[ i ][ 0 ][ j ] syntax elements are proposed. Two options for handling this were described.
Decision: Adopt "option 1" (not signalling syntax element and inferring its value as 0).

· Proposal 2: Modifications are proposed to the semantics of poc_reset_idc syntax element for handling the case of an externally specified base layer.
Decision: Adopt.
JCTVC-R0235 AHG10: Processing of bitstreams without an available base layer [M. M. Hannuksela (Nokia)]

Discussed 3rd day (Wed.) Track A (GJS) a.m.

The AHG10 output text specifies that the base layer (with nuh_layer_id equal to 0) needs not be present in conforming bitstreams. It is asserted that the AHG10 output text still includes parts relying on the presence of the base layer. The following aspects are proposed:

· The variable SmallestLayerId is derived in subclause 8.1. If the target layer set is an additional layer set (which never contains a base layer), SmallestLayerId is the smallest nuh_layer_id value of the target layer set. Otherwise, SmallestLayerId is equal to 0.

· The condition "nuh_layer_id equal to SmallestLayerId" is used instead of "nuh_layer_id equal to 0" in many locations in the specification.

· The following constraints are generalized to apply to all independent layers rather than just the base layer:

· The constraint on requiring NumPicTotalCurr to be equal to 0 for BLA and CRA pictures.

· The requirement of slice_type being equal to I slice in IRAP pictures.

Decision: Adopt (conditioned on the relevance of the basis text).

6.4.5 Parameter sets (1)

JCTVC-R0049 MV-HEVC/SHVC HLS: VPSs with nuh_layer_id greater than 0 [M. M. Hannuksela (Nokia)]

Discussed 3rd day (Wed.) Track A (GJS) p.m.

This contribution proposes allowing a VPS with a non-zero nuh_layer_id to be delivered to the decoder in addition to a "base" VPS with nuh_layer_id equal to 0, both with the same vps_video_parameter_set_id value. The VPS with a non-zero nuh_layer_id is required to be a semantic superset of the base VPS and may for example include information about additional layers. The VPS with the highest nuh_layer_id value among the VPSs with the same vps_video_parameter_set_id value is activated.

The proposal can be summarized as follows:

1. As already required in HEVC version 1, a VPS with nuh_layer_id equal to 0 and with a vps_video_parameter_set_id that is the subject of activation shall be included in the bitstream or provided by external means.

2. VPSs with nuh_layer_id greater than 0 may be included in the bitstream or provided by external means.

3. If there are two VPSs with different values of nuh_layer_id and with the same value of vps_video_parameter_set_id, the VPS with the greater value of nuh_layer_id is activated. 

4. It is remarked that the VPS activation was assumed to take place prior to the selection of the target output layer set and therefore the nuh_layer_id values included in the target output layer set cannot be used to choose which VPS out of those having the same vps_video_parameter_set_id value is activated. However, constraints are proposed such that a conforming bitstream shall not require the presence of a VPS NAL unit with a nuh_layer_id value other than those included in the bitstream.

5. It is observed that when a layer is added and described in a VPS NAL unit with nuh_layer_id greater than 0, also at least one layer set and at least one output layer set is added. Layer set indices and output layer set indices are referred to in various syntax structures, such as some SEI messages, and decoding processes. To keep them independent of the VPS RBSP that is activated, the following approach was taken in this contribution:

a) num_layer_sets_minus1 shall have the same value in all VPS NAL units with the same vps_video_parameter_set_id value. Similarly, num_add_layer_sets shall have the same value in all VPS NAL units with the same vps_video_parameter_set_id value.

b) The VPS NAL unit with nuh_layer_id equal to 0 may contain an indicated number of unused layer set indices, specified by the proposed delta_num_effective_layer_sets syntax element in vps_extension( ). Similarly, the proposed delta_num_effective_add_layer_sets syntax element in vps_extension( ) specifies the number of unused indices of additional layer sets.

Consequently, if the feature of VPS NAL units with nuh_layer_id greater than 0 is not going to be exercised in a bitstream, the encoder can set delta_num_effective_layer_sets and delta_num_effective_add_layer_sets (when present) to 0. Consequently, the cost of having the possibility VPSs with nuh_layer_id greater than 0 in bitstreams that are not using the feature is 1 bit or 2 bits (when additional layer sets are present) per VPS.

c) Thanks to a) and b) above, the indices of the effective layer sets, additional layer sets, and output layer sets stay unchanged regardless of which VPS NAL unit is activated out of those VPS NAL units that have the same vps_video_parameter_set_id. Consequently, all syntax structures and decoding processes referring to layer set indices or output layer set indices need not be changed much.

d) The variable EffectiveLayerSetFlag[ lsIdx ] is derived based on the active VPS and has value 0 if lsIdx is unused in the active VPS and value 1 otherwise. EffectiveLayerSetFlag[ lsIdx ] is used in vps_extension( ) and its child syntax structures to gate the presence layer set related syntax elements. Moreover, EffectiveLayerSetFlag[ lsIdx ] is used to constrain the semantics of syntax structures other than vps_extension( ) so that the syntax may refer to layer sets with EffectiveLayerSetFlag[ lsIdx ] equal to 0 but the semantics are unspecified. This allows e.g. SEI messages that refer to layer sets that are unused if the VPS NAL unit with nuh_layer_id is activated but are used if a VPS NAL unit with nuh_layer_id greater than 0 is activated. Specifically, nesting_op_idx[ i ] of the scalable nesting SEI message and ols_idx_to_vps[ i ] in the sub-bitstream property SEI message are handled this way.
e) The target output layer set is selected (by the HRD or by external means) so that EffectiveLayerSetFlag[ lsIdx ] is equal to 1 for the layer set index lsIdx corresponding to the target output layer set.
The proposed layer set and output layer set indexing is illustrated in the figure below, illustrating an example of two VPSs with the same vps_video_parameter_set_id, where the EL VPS specifies a greater number of effective layer sets and effective additional layer sets.
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6. A VPS NAL unit with nuh_layer_id layerIdB is required to be a semantic superset of a VPS NAL unit with the same vps_video_parameter_set_id value and with nuh_layer_id layerIdA (such that layerIdA is less than layerIdB). For example, a VPS NAL unit with nuh_layer_id layerIdB may document a greater number of layers, but all layer-specific information in the two VPS NAL units that relates to the same layers shall be identical. 

Two alternatives to phrase the constraints are provided in the accompanying specification text (see subclause F.7.4.2.4.2.1):

Option 1: Require the output of the decoding process be identical when the output layer sets of the same index are decoded regardless of which one of the two VPSs is activated.

Option 2: Specify constraints on syntax element and variable values such that the VPS RBSP of layerIdB is a semantic superset of the VPS RBSP of layerIdA. It was reported that the exact constraints are (unfortunately) relatively complex to phrase, please see the accompanying specification text document for details.

Option 1 has two pages shorter specification text but is less specific and it should be carefully considered whether the constraints implied this way are sufficient. Option 2 is complex to specify and hence there is a risk that some constraints might be incorrectly specified or missing. Option 2 requires careful review for correctness and completeness.

It is remarked that constraints on vps_vui( ) are currently not included in the accompanying specification text. As vps_vui( ) does not affect the decoding process, the same additional constraints on vps_vui( ) are needed in both Option 1 and 2.

7. As already required in HEVC version 1, the content of a VPS NAL unit must be identical to that of the active VPS, when the VPS NAL unit is present within a CVS and the active VPS has the same vps_video_parameter_set_id and the same nuh_layer_id. When a VPS NAL unit is present within a CVS and the active VPS has the same vps_video_parameter_set_id and but a different nuh_layer_id, the content of the VPS NAL unit shall be a semantic superset of that in the active VPS (when the active VPS has a smaller nuh_layer_id) or a semantic subset of that in the active VPS (when the active VPS has a greater nuh_layer_id).

8. The number of layers (lnp_sei_num_layers_minus1) is proposed to be indicated in the layers not present SEI message rather than the ID of the active VPS. Consequently, the message becomes independent of the fact which VPS NAL unit (of the same vps_video_parameter_set_id) is activated. More than one layers not present SEI message with a different value of lnp_sei_num_layers_minus1 is allowed in the same access unit but it is required that information given for the respective layers in different messages shall be identical. This design allows for example to add a layer at a re-distribution point, add a respective VPS NAL unit additionally documenting the added layer, and also add layers not present SEI messages documenting also the added layer.

9. num_views_minus1 is no longer required to be equal to NumViews − 1 in the multiview acquisition information SEI message and in the multiview view position SEI message. This design enables addition of views at a re-distribution point and making the SEI message independent of the VPS NAL unit that is activated out of the VPS NAL units having the same vps_video_parameter_set_id value.

In the discussion of item 5, it was remarked that the functionality provided does not seem to be exactly what was previously envisioned, which was to be able to add layers to a bitstream – e.g., a single-layer bitstream – that contained no provision for the addition of more layers to it. Some potential modification of the proposed approach was discussed.

Item 6 seems to have significant implications and difficulty to sort out in full detail.
It was remarked that we aren't confident that we know exactly what functionality is adequate for the envisioned application.

It was further remarked that it does not seem feasible to sort out all details needed to be able to figure out something new.

It was also remarked that the "base layer by external means" approach could be used for the envisioned use case instead, with the external means being given the responsibility to marry the base layer to the enhancement bitstream.

So no action was taken on this.
6.4.6 HRD related (1)

JCTVC-R0231 MV-HEVC/SHVC: Signalling and use of HRD parameters for bitstream partitions [Y.-K. Wang, Hendry, A. K. Ramasubramonian (Qualcomm), S. Deshpande (Sharp), M. M. Hannuksela (Nokia)] [late]

Reviewed in Track A (GJS) on 07-04 (Fri.) p.m. (esp. for SHVC).

This document proposes some changes to the signalling of HRD parameters for bitstream partitions, including changes to the VPS VUI bitstream partition HRD parameters syntax and semantics, the bitstream partition initial arrival time SEI message syntax and semantics, and their use in other places such as HRD operations.
In the bitstream partition based HRD operation in the AHG10 output text in JCTVC-R0010, HRD parameters are signalled for each bitstream partition. The method for signalling of HRD parameters for bitstream partitions has the following asserted shortcomings:

1) For each bitstream partition, the HRD parameters for only the highest sub-layer are signalled, thus the conformance of a temporal subset of the bitstream partition cannot be defined and temporal scalability does not fully work.
2) In the bitstream partition initial arrival time SEI message, there is a bug in the syntax such that both of the following two cases that should not occur can occur:
a. When NalHrdBpPresentFlag is 1, the initial arrival delay for VCL HRD parameters through vcl_initial_arrival_delay[ i ] syntax elements are not signalled even if VclHrdBpPresentFlag is equal to 1. In this case, the VCL HRD conformance cannot be defined.

b. When NalHrdBpPresentFlag is 0 the initial arrival delay for VCL HRD parameters through vcl_initial_arrival_delay[ i ] syntax elements are signalled even if VclHrdBpPresentFlag is equal to 0. In this case, those signalling are purely wasting bits.

3) Each hrd_parameters( ) syntax structure contains information for vps_max_sub_layer_minus1 + 1 sub-layers, even the syntax structure applies to a bitstream has a number of sub-layers that is less than vps_max_sub_layer_minus1 + 1.
4) The CPB size and bit rate values for the delivery schedules from different hrd_parameters( ) syntax structures for a bitstream partition should be in certain order to ensure interpolated schedules also work. However, such restrictions are missing.
5) For the bitstream-partition-specific CPB operatoins, the values of BitRate and CpbSize as well as the delivery schedule index are not correctly derived.
Also, there are some other asserted bugs, mostly editorial, in HRD operations and other places that use the signalled HRD parameters for bitstream partitions.

The proposal suggests changes to resolve these asserted issues.

The changes were summarized as follows:

1) Each hrd_parameters( ) syntax structure contains information for the number of sub-layers as needed, indicated by a new syntax element num_sub_layer_hrd_minus1[ i ].

2) The bug in the bitstream partition initial arrival time SEI message syntax is fixed.
3) For each bitstream partition, the HRD parameters for each sub-layer are signalled.

4) Constraints are proposed that the HRD parameter schedules signalled for bitstream partition buffers in the vps_vui_bsp_hrd_parameters( ) structure are ordered in decreasing values of cpb_size_value_minus1[ i ] and cpb_size_du_value_minus1[ i ] and in increasing values of bit_rate_value_minus1[ i ] and bit_rate_du_value_minus1[ i ].

It is asserted that these constraints not only solve the problem mentioned above, but also allow for finding a matching bitrate from the schedule list more systematically without requiring to parse all num_bsp_sched_combinations_minus1[ h ][ i ] schedules. Also it is asserted that these constraints are needed to support consistent derivation of interpolated delivery schedules.

5) Constraints are proposed that at least one CpbSize and BitRate value for the BPB delivery schedules is respectively less than or equal to MaxCPB and MaxBR multiplied by a scale factor.

These constraints make sure that at least one delivery schedule can be used based on the level limits for a correct bitream-partition-specific HRD operation.

6) In Annex C for bitstream-partition-specific CPB operations the SchedSelIdx value derivation for related delivery schedules is proposed.

7) In Annex C for bitstream-partition-specific CPB operation derivation of BitRate and CpbSize is proposed.

8) Valid value ranges for some syntax elements are defined.

9) Various improvements or corrections to HRD operations and other places that use the signalled HRD parameters for bitstream partitions.
10) An improvement in the decoder conformance section using VPS signalled DPB parameters instead of SPS DPB parameters since the DPB operation is based on VPS signalled parameters.
The proposed text changes are in the attachment, marked based on variant 2 of the AHG10 output text in JCTVC-R0010v2. 

The specification text for revision 1 contains a few clarifications of the specification of the first option presented in the original submission of this contribution. In revision 1, option 2 of the original submission is no longer proposed.

Decision (BF/Cleanup): Adopt.

6.5 SEI and VUI (12)

6.5.1 General (3)
JCTVC-R0217 SEI comments [C. Fogg (MovieLabs)]

Editorial comments and suggestions for the chroma resampling hint SEI are provided in this information document. From the manner in which the semantics are described, the current definition of the SEI implies that it is intended for field sequence pictures only. The intent of the SEI may be instead to describe the chroma resampling filtering of the output fields that includes frame pictures with field repeats as per pic_struct semantics in pic_timing( ) SEI. The main suggestion is to clarify that the metadata provided by this SEI refer to the output fields rather than give the impression the metadata maps only to coded pictures (access units) in the bitstream.
The contribution contains three specific comments:

Topic 1: In the semantic description for ver_filtering_field_processing_flag, the sentence “(i.e only chroma samples of the same parity are used for filtering)” could be clarified: “(i.e only same-parity chroma samples of the current output field are used for filtering).”

Topic 2: Whether the filtering process refers to the output fields or fields of coded pictures

It was asserted that a simple solution could be to add a reminder that resampling is a process applied to output fields.
Topic 3: Precision requirements

It was suggested to add a suggestion to ensure that the precision of the filtering operations is sufficient to meet the bit length of the se(v) filter tap elements.
Discussed 07-06 Track A (GJS) p.m.

It was suggested that no action was need on topic 3 and that the other comments in the contribution had been taken into account in subsequent editing work on this SEI message.
TBP.
JCTVC-R0221 HEVCv1/MV-HEVC/SHVC HLS: On extensibility of nesting SEI messages [A. K. Ramasubramonian, Hendry, Y.-K. Wang (Qualcomm)]

Discussed 4th day (Thu.) Track A (GJS) p.m.

It is asserted that the current specification of nesting SEI messages (in HEVC and SHVC/MV-HEVC) limits the extensibility of these SEI messages using the extension mechanism provided in the sei_payload( ) structure, and also put limitations on the location of the SEI messages in an SEI NAL unit. This document also reports other observations made on the non-extensibility of a few of the non-nesting SEI messages. It is proposed that a note be added to the semantics of the scalable nesting SEI message, highlighting the limitations associated with the SEI message. It is also proposed that the syntax structure of the bitstream partition nesting SEI message and output layer set nesting SEI message be modified such that the extensibility feature of sei_payload( ) is applicable to these SEI messages.
Editor action item: Editors are suggested to consider adding the proposed note.

Decision (BF): For bitstream partition nesting (BSP) SEI message, add an explicit counter to indicate the number of SEI messages in the BSP SEI message, with up to 64 allowed to be nested.

JCTVC-R0255 MV-HEVC/SHVC HLS: On persistence of SEI messages [M. M. Hannuksela (Nokia)] [late]

Discussed 4th day (Thu.) Track A (GJS) p.m.

Many SEI messages are specified to persist until the end of the CVS (or sometimes until the next SEI message of the same type and applicable to the same layer, whichever is earlier in decoding order). Consequently, when SEI messages are applied to a non-base layer, they may persist across an IDR or BLA picture of that layer. It is suggested that the persistence of each SEI message applying separately for each target layer is specified not to span across IRAP pictures within the target layer and with NoRaslOutputFlag equal to 1. The contribution includes several related sub-proposals.
The current MV-HEVC/SHVC is asserted the have the following problems related to the persistence of SEI messages within the CVS:

· An SEI message is present for the picture firstPic having nuh_layer_id targetLayerId greater than 0, and an SEI message of the same type is present for another picture secondPic also having the nuh_layer_id equal to targetLayerId and later than firstPic in decoding order. Let us assume that layer down-switching takes place between firstPic and secondPic and the layer with targetLayerId is no longer sent. Let us assume that layer up-switching takes place subsequently, after secondPic in decoding order, but still within the same CVS and thereafter the layer with targetLayerId is sent again. The decoder would (incorrectly) consider the SEI message for the picture firstPic be in effect for the pictures of the targetLayerId after the up-switching.

· An SEI message is present for an independent non-base layer. Subsequent to the SEI message, in decoding order, the independent non-base layer contains a BLA picture (in a non-IRAP access unit). The SEI message continues to persist regardless of the presence of the BLA picture.

The proposal is summarized as follows, while the detailed proposal is presented with the change-marked text in the accompanying specification text document:

1. A coded layer-wise video sequence (CLVS) is defined as follows:

coded layer-wise video sequence (CLVS): A sequence of coded pictures, with the same nuh_layer_id value nuhLayerId, that consists, in decoding order, of an IRAP picture with NoRaslOutputFlag equal to 1 or a picture with FirstPicInLayerDecodedFlag[ nuhLayerId ] equal to 0, followed by all coded pictures, if any, up to but excluding the next IRAP picture with NoRaslOutputFlag equal to 1 or the next picture with FirstPicInLayerDecodedFlag[ nuhLayerId ] equal to 0.

2. In subclause D.3.1, the semantics of SEI messages are clarified to apply layer-wise to each layer specified as follows:

–
Unless otherwise specified in the semantics of the particular SEI message, the set of layer among which the semantics of the particular SEI message apply independently to each particular layer is derived as follows:

–
If the partcular SEI message is included in the scalable nesting SEI message and nesting_op_flag is equal to 0, the particular SEI message applies to each nuh_layer_id value in nestingLayerIdList[ 0 ].

–
Otherwise, if the particular SEI message is included in the scalable nesting SEI message and nesting_op_flag is equal to 0, the particular SEI message applies to each nuh_layer_id value in nestingLayerIdList[ i ] for each value of i in the range of 0 to nesting_num_ops_minus1, inclusive.

–
Otherwise, the particular SEI message applies to the nuh_layer_id value of the SEI NAL unit that includes the particular SEI message.

The above derivation of targetLayerId values and the other definitions (e.g. the current layer and the current access unit) given in subclause D.3.1 are clarified to apply to SEI messages in F.14, G.14 and H.14 too.

3. The persistence of the SEI messages identified below is proposed to last until the end of the CLVS (of the current layer) rather than until the end of the CVS, as further detailed below:

a. The persistence of the following SEI messages are changed to apply (at maximum) until the end the CLVS (of the current layer) rather than until the end of the CVS:

· The pan scan rectangle SEI message

· The scene information SEI message

· The progressive refinement segment start SEI message

· The film grain characteristics SEI message

· The tone mapping information SEI message

· The frame packing arrangement SEI message

· The display orientation SEI message

· The inter-layer constrained tile sets SEI message

· The alpha channel information SEI message

· The depth representation information SEI message

It is remarked that the scene information SEI message and the display orientation SEI message seem to be access unit specific and might not require semantics specified for picture sequences within a layer and persistence until the end of CLVS. However, it is asserted that the semantics of these SEI messages would require a greater amount of changes if they were made access unit specific.

b. It was noted that the following SEI messages would probably also require the persistence to be specified until the end of the CLVS (of the current layer) rather than until the end of the CVS, but the text was not initially provided with the contribution due to lack of time:

· The overlay information SEI message

· The temporal motion-constrained tile sets SEI message

· The chroma resampling filter hint SEI message

· The knee function information SEI message

· The colour remapping information SEI message

· The segmented rectangular frame packing arrangement SEI message (note that this is the only one in this list that is in existing approved text)
c. It is noted that the (multi-layer) persistence of the mastering display colour volume SEI message is unclear. It is suggested that it should be allowed to use layer-wise and that the persistence should be specified to last until the end of the CLVS (of the current layer). This interpretation was confirmed.
4. The inter-layer constrained tile sets SEI message is proposed to be modified as follows:

a. In MV-HEVC/SHVC, terms identified tile set and motion-constrained tile set are used interchangeably to mean both a tile set in the current layer as well as the respective tile set in each reference layer. Consequently, it is asserted that the text is not very clear and easy to understand. In the proposed text, an identified tile set (within the current layer) and associated reference tile sets (within the reference layers) are defined and used consistently.

b. In MV-HEVC/SHVC the identified tile set is associated with the respective tile sets in each reference layer through the use of the same tile set index in the inter-layer constrained tile sets SEI message. In the proposed text, the ilcts_id[ i ] value is used to associate tile sets of different layers with each other. The motivation for this proposed change is as follows:

· In multi-layer scalability (with more than two layers), it possible to have a different number of tile sets between different pairs of a predicted layer and its reference layer. The use of ilcts_id[ i ] provides more flexibility in associating tile sets between each pair of a predicted layer and its reference layer.

· ilcts_id[ i ] is available similarly to the tile set index, hence its use does not cause additional signalling.

c. ilcts_id[ i ] value is inferred for each tile, when il_one_tile_per_tile_set_flag is equal to 1.

5. It is asserted that the persistence of an alpha picture and the persistence of an alpha channel information SEI message are mixed in MV-HEVC/SHVC. Consequently, the following changes are proposed:

a. It is proposed to specify the persistence an alpha picture as follows:

When an access unit contains an auxiliary picture picA with nuh_layer_id equal to nuhLayerIdA and AuxId[ nuhLayerIdA ] equal to AUX_ALPHA, the alpha channel sample values of picA persist in output order until one or more of the following conditions are true:

–
The next picture, in output order, with nuh_layer_id equal to nuhLayerIdA.

–
A CLVS containing the auxiliary picture picA ends.

–
The bitstream ends.

–
A CLVS of any associated primary layer of the auxiliary picture layer with nuh_layer_id equal to nuhLayerIdA ends.

b. It is proposed to specify the persistence of alpha channel information SEI message similarly to many other SEI messages, as follows:

Let currPic be the picture which the alpha channel information SEI message is associated with. The semantics of alpha channel information SEI message persist for the current layer in output order until one or more of the following conditions are true:

–
A new CLVS of the current layer begins.

–
The bitstream ends.

–
A picture picB with nuh_layer_id equal to targetLayerId in an access unit containing an alpha channel information SEI message applicable to nuh_layer_id equal to targetLayerId is output having PicOrderCnt( picB ) greater than PicOrderCnt( currPic ) and alpha_channel_cancel_flag in the alpha channel information SEI message is equal to 1, where PicOrderCnt( picB ) and PicOrderCnt( currPic ) are the PicOrderCntVal values of picB and currPic, respectively, immediately after the invocation of the decoding process for picture order count for picB.

6. The temporal motion vector prediction constraints SEI message and the frame-field information SEI message are editorially revised to be more aligned with the phrasing of other SEI messages.

It was remarked that the the proposal seems very constructive and helpful and was agreed in spirit.
This was further discussed in Track A (GJS) on 07-04 (Fri.) p.m..

Text was provided in a revision of the contribution for two additional SEI messages.

For the mastering display colour volume SEI message, the scope had already been defined as whole-CVS, but a presence requirement for its placement and consideration of repetition seemed to be missing.

Decision (BF/Ed.): Require mastering display colour volume SEI message to be in the first IRAP picture of the CLVS (although it may be repeated, with identical content, in other pictures as well).

For colour remapping information SEI message, there is a relevant contribution R0344.

It was agreed that the knee function SEI message should be defined in the same same way (and is also the same as the tone mapping SEI message).

Three others (overlay, temporal MCTS, and chroma resampling) still did not have provided text.

Chroma resampling and temporal MCTS were agreed to be intended to be similar to mastering display colour volume in regard to persistence and repetition.

Temporal MCTS was asserted to already be well aligned with the proposed approach and thus to only need editorial refinement.

Further discussed 07-06 p.m. (GJS).

Changes in revision 2:

· An asserted bug fix of how the target layers for the nested SEI messages are concluded from a scalable nesting SEI message.

· Text for the structure of pictures SEI message appeared in two locations in the specification, both in Annex D and in subclause F.14. The text was combined and checked for alignment with the phrasing used in this contribution.

· The requirement of having the inter-layer-constrained tile sets (ILCTS) SEI message present with the first picture of a CLVS (if any picture at all in the CLVS) was loosened so that it shall be present in the first picture of the CLVS if the picture is an IRAP picture. This change is asserted to make splicing easier, as the non-base layers of a spliced bitstream might not start with an IRAP picture and may contain ILCTS SEI messages later in the first CLVS of a non-base layer.

Decision: Adopt (clarified as noted, notes regarding overlay information are below).

JCTVC-R0344 SHVC HLS: On persistence of Colour remapping SEI messages [P. Bordes, E. Francois (Technicolor)] [late]

Discussed 07-04 evening (GJS).

Contribution JCTVC-R0255 addresses the issue of persistence of the SEI messages when they are applied to a non-base layer. This proposal applies the solution proposed in JCTVC-R0255 for the Colour remapping information SEI message, making it be handled the same way as the tone mapping SEI message.
Decision: Adopt.
JCTVC-R0355 AHG11: Suggested editorial improvement on TMCTS-SEI [O. Nakagami, S. Hattori, T. Suzuki, A. Tabatabai (Sony)] [late]
Discussed 07-06 (Sun.) Track A (GJS) p.m.

It was noted in the contribution that an intended action recorded at the San José meeting in Jan. 2014 had not been reflected in the text. The contribution also contained other proposed refinements.

Notes from the prior review had been included in the contribution.

Decision: In the discussion it was suggested, and agreed, to constrain num_tile_rects_in_set_minus1 to 0 when the tier and level information is present.

Further editorial improvement seemed needed, but the intent expressed in the text seemed otherwise adequate.

Overall, aside from needing some further editorial improvement, this SEI message seemed mature.

SEI maturity in current draft

Discussed 4th day (Thu.) Track A (GJS) p.m.

It was remarked that editorial review is needed to assess the maturity of the following SEI messages.
–
Overlay information SEI message

–
Temporal motion-constrained tile sets SEI message

–
Chroma resampling filter hint SEI message

–
Knee function information SEI message

–
Colour remapping information SEI message
Notes regarding each of these are below.
Overlay information SEI message
Discussed 07-05 (Sat.) Track A (GJS) a.m.

It was remarked that the current text for OI SEI already considers multi-layer issues. There was discussion of the persistence.

Decision: The persistence should end within each identified layer when the CLVS of that layer ends.

Regarding language identification, see R0257.
Parsing depends on the SPS of each associated layer ID
Decision: Outside the outer-most loop, just prior to num_overlays_minus1, signal the number of bits minus 8 that is used within the loop for signalling overlay_element_label_min(max).
It was commented that the definition of the range from 128 to 143 as unspecified seems like a small range, and there might be some issues in extending that range later, so it may be better to increase that range to be the range from 128 to 159 (for all such uses).
Revisit that question in a larger group.

Further discussed 07-05 (Sat.) in joint JCT-VC & JCT-3V plenary (GJS & JRO) p.m.

There was no objection to expanding that range in the joint review.

Editor action item: In the definition of st(v), a parenthetical reference to the specification in which this is defined should be added, and further editorial improvement of that description seems desirable.
Overall, aside from the language identification issue, this SEI message seems mature.
Temporal motion-constrained tile sets SEI message
Discussed 07-05 (Sat.) Track A (GJS) a.m.

No input contributions. Some prior editorial review had been done as side activity.

Some aspects relating to tier and level indication did not seem mature in the review.

Proposed refinements were uploaded in R0355. See notes on that contribution.
Chroma resampling filter hint SEI message
Discussed 07-05 (Sat.) Track A (GJS) a.m.

The AHG11 contained comments on that, and in review of that report, it had been agreed to remove the minimum_degradation_flag. Some editorial review had also been done as side activity.

See also contribution R0217.

It was agreed that, perhaps with some further minor editorial improvements, the specification of this SEI message seeems mature for inclusion in the final text produced at this meeting.
Knee function information SEI message
No input contributions. Some prior editorial review had been done as side activity, including accounting for the impact of R0255.

TBP.

JCTVC-R0357 Updated text of the Chroma resampling filter hint SEI message [G. Barroux (??)] [late]
TBP?
Colour remapping information SEI message
Relevant input contribution R0344.

TBP.

6.5.2 Existing SEI messages or VUI indications (2)
See also notes on JCTVC-R0155.
JCTVC-R0257 Language indication for Overlay information SEI message [K. Suehring (Fraunhofer HHI)] [late]

Discussed 4th day (Thu.) Track A (GJS) p.m.

The contribution proposes to add an optional language indication to the Overlay information SEI message. In case multiple overlays are available with the same content in different languages, a set-top-box can make a selection, based on the user's language setting. It is proposed to code the language according to ISO 639-3.
Further discussed 07-04 evening (GJS).

It was remarked that EBU closed captioning specifies ISO 639-2 usage (W3C XML 1.0, referring to IETF RFC 4646, referring to ISO 639-2).

This was further discussed 07-07 p.m. (GJS).

BCP 47 / RFC 5646 was mentioned. It was suggested that referencing this as RFC 5646 rather than BCP 47 may be more appropriate.

Is UTF-8 in ISO 10646 or is it somewhere else?

Editor action item: Connect "UTF-8" to its meaning.

Decision: Null-terminated st(v) string of characters encoded according to RFC 5646.

Regarding byte alignment, a "variant 2" was submitted to move the strings to a single position in the syntax and it was suggested to define st(v) as beginning with byte alignment.

It was suggested to define the max value of num_overlay_elements_minus1[ i ] as 255.
Decision: Adopted, RFC 5646, variant 2, byte aligned, 0..255 range. Editors to double-check reference for UTF-8 and improve the reference (or reference a better definition) as necessary.
JCTVC-R0274 MV-HEVC/SHVC HLS: On active parameter sets SEI message [M. M. Hannuksela (Nokia)] [late]

Discussed 4th day (Thu.) Track A (GJS) p.m.

The contribution lists several asserted issues related to the active sequence parameter sets SEI message and its use in SPS activation. The contribution proposes the following items:

· active_seq_parameter_set_id[ 0 ] in the active parameter sets SEI message is used for activating the SPS for the base layer (as in version 1 and RExt). Values of active_seq_parameter_set_id[ i ] with i greater than 0 can be provided in the active sequence parameter sets SEI message but are not used for SPS activation.

· When vps_base_layer_internal_flag is equal to 0 or vps_base_layer_available_flag is equal to 0, the active parameter sets SEI message is not use to activate an SPS for the base layer and active_seq_parameter_set_id[ 0 ] in the active parameter sets SEI message does not specify the active SPS of the base layer.

Bug fix of active parameter sets SEI message – desire to provide mapping information to identify the layers to which the SPS IDs apply.

The issue of extension usage was discussed ("extensions of capability are to be established by creating new messages rather than modifying previously standardized messages" – does that apply here, when the intent to extend was pre-planned for this purpose and this is only to fix the prior intent?).
Further discussed 07-04 evening (GJS).

Further discussed in joint JCT-VC and JCT-3V review 07-04 evening (GJS & JRO).

See additional notes under R0279 regarding that aspect.

Further discussed 07-06 a.m. (GJS).

It was agreed to raise this issue at the parent level for discussion.

Further discussed 07-07 p.m. after joint parent-level approval for bug fixing.

Text was reviewed, refined, and approved, to be uploaded in a revision of the contribution.
It was pointed out that the "if payload_extension_present()" condition test, and an associated presence constraint were not necessary and agreed that they should be removed (only an editorial change).

Decision: Adopt (as modified).
6.5.3 New SEI/VUI proposals (7)

JCTVC-R0059 HLS: Dependent RAP indication SEI message [Martin Pettersson, Jonatan Samuelsson, Rickard Sjöberg, Ruoyang Yu, Jacob Ström (Ericsson)]

Discussed 4th day (Thu.) Track A (GJS) p.m.

This contribution proposes a new dependent RAP indication SEI message for the HEVC base specification and its extensions. The SEI message is used to indicate the presence of a dependent random access point (DRAP) picture in the bitstream. A DRAP picture has the following constraints:

· It may only reference the previous IRAP picture

· It shall be a TRAIL_R picture with temporal id 0

· When the proposed only_skip_or_intra_blocks_flag is set in the SEI message, the DRAP picture may only contain intra or skip coded blocks

When performing random access at a DRAP picture, the associated IRAP picture must first be decoded. It is asserted that DRAP pictures may be used to improve the compression efficiency for random access coded video, especially for video services that often have very static content including screen sharing and surveillance video. It is further asserted that periodic DRAP pictures may be used to improve error robustness compared to not having periodic IRAP pictures.

A test simulation using a random access configuration has been carried out to indicate how much bitrate can be saved by using DRAP pictures. It was reported by the proponents that an average BD Y gain of 9.5% was achieved for the HEVC version 1 test set and a BD Y gain of 17.2 % was achieved for the SCC YUV444 test set. 

Proposed syntax

	dependent_rap_indication( payloadSize ) {
	Descriptor

	
broken_link_flag
	u(1)

	
only_skip_or_intra_blocks_flag
	u(1)

	
referenced_irap_picture_poc_delta_idc
	ue(v)

	}
	


It was remarked that sub-layer non-reference trailing pictures are similar. However, they may not constrain the referencing structure used in the higher layers in the way proposed here.
There was some discussion of the described scenarios for use and the concealment usage.
It was asked why the referenced_irap_picture_poc_delta_idc is desirable. This was asserted to be for systems layer use, but this was questioned.

The only_skip_or_intra_blocks_flag and its envisioned use were discussed.

Further study was encouraged.
JCTVC-R0159 HEVC/MV-HEVC/SHVC HLS: SEI message recommended by MMT for improvement of HEVC packet loss resilience [M. Sychev, S. Ikonin (Huawei)]

Discussed 4th day (Thu.) Track A (GJS) p.m.

This contribution discusses robustness to packet loss using current HEVC and MMT coding tools. 
It is well-established that video streams are often not fully protected from packet loss. As an example, the IP network model standardized in TIA-921 (ANSI) and in G.1050 (ITU-T) in 2011 reportedly provides numerical networks characteristics showing that the current networks have packet loss probabilities up to 20%.

The contribution follows up on JCTVC-Q0090 which proposed redundant picture SEI messages.

In review at the prior meeting, the "Further study was encouraged on this topic, but no immediate action was planned. This would be for consideration beyond the scope of the current phase of work."

The proposal is essentially the same as in JCTVC-Q0090, with some editorial improvement.

A copy of the presention was requested to be uploaded.
In the envisioned usage, the redundant picture would be marked as a non-reference picture that is indicated not to be output, while a decoder that understands it could use it as a basis for decoding an approximation (perhaps with some drift) of a missing picture.

The redundant picture is sent at a different POC, in a different access unit, substantially after the 

The relationship with vps_poc_proportional_to_timing_flag equal to 1 was discussed. There wa some confusion over this aspect.

There are actually two SEI messages proposed in the contribution.

Progressive intra refresh was mentioned as an alternative to this.

A usage in which only some parts of a picture are refreshed, somewhat similar to what was discussed for R0059, was illustrated.

Some interest was expressed in further study of the idea, although it is not clear there is a desire to move toward adoption at this time. Further study would be needed to determine whether there is adequate need for this.
JCTVC-R0139 Modulation channel SEI message [F. Le Leannec, S. Lasserre, E. Francois (Technicolor)]

Discussed 4th day (Thu.) Track A (GJS) p.m.

This contribution proposes a new SEI message aiming at using a modulation channel in combination with a limited bit-depth channel. The intent of this modulation channel is to give access to high / very-high bit-depth formats while re-using existing limited bit-depth HEVC implementation (typically of 8 or 10 bits).
A previous proposal used an additive approach, separating the signal into MSBs and LSBs.
It was commented that this is similar to a scheme in the draft JPEG XT coding scheme (part 2).

The concept is basically a scalable coding scheme (or in some ways similar to a scalable coding scheme), with a post-decoding combining process to produce high bit depth.

The low bit depth (LBD) encoding can be displayable for rendering on Rec. 709 or Rec. 2020. The enhanced picture has higher bit depth & higher dynamic range (but not high fidelity coding – not a close or lossless representation of a high precision picture).
The ability to have a target format of 4:4:4 with an LBD format that is 4:2:0 is one proposed usage.

The extra "modulation" data is sent as auxiliary pictures or using frame packing.

It was commented that this should be studied in the parent-level HDR activity.

Further study was encouraged.
JCTVC-R0293 Crosscheck of JCTVC-R0139: Modulation channel SEI message [O. Nakagami, T. Suzuki (Sony)] [late]

Discussed 4th day (Thu.) Track A (GJS) p.m.

This is a crosscheck report of JCTVC-R0139.

The verification test is conducted using the provided software from the proponents. It is commented that two modes are implemented in the software package, Frame Packing mode and Auxiliary Picture mode. The Frame packing mode is cross-checked in the document.

Five HDR sequences are tested, which detail is reported in JCTVC-P0228. It is noted that the original files are OpenEXR format and converted to 16bit integer XYZ format, using the independent conversion tool provided by the proponents.

The modified encoder re-formats the input from 1920x1080 16bit to (vertically doubled, frame-packed) 1920x2168 10bit, before the encoding. The modified decoder post-processes the decoded result oppositely, and outputs 1920x1080 16bit format file. Afterward, PSNR is calculated by the Delta E 2000 metric, using the provided software.

It is reported that the simulation result by the cross-checker is identical to the result by the proponents.
JCTVC-R0325 Cross-check of JCTVC-R0139 (Modulation channel information SEI message) [Patrick Boissonade (Orange), Pierrick Philippe (Orange)] [late]
Discussed 4th day (Thu.) Track A (GJS) p.m.

This contribution provides a cross check of contribution JCTVC-R0139.

The results reported in this document match those presented JCTVC-R0139.
Proposal JCTVC-R0139 presents an SEI message for modulation channel allowing high bit depth representations compatible with a limited bit-depth channel.

Two possible options to convey the modulation channel in a bit stream are proposed in the contribution are tested in this cross check document: Auxiliary picture and Frame packing arrangement.

JCTVC-R0353 Crosscheck for Modulation channel SEI message (JCTVC-R0139), Frame packing mode [K. Minoo (Arris Group)] [late]


JCTVC-R0267 Usage of modulation channel for high bit-depth signal encoding [F. Le Léannec, S. Lasserre, E. Francois (Technicolor)] [late]

Discussed 4th day (Thu.) Track A (GJS) p.m.

Document JCTVC-R0139 proposes a new SEI message aiming at using a modulation channel in combination with a limited bit-depth channel. The R0267 document provides additional information and presents details on the decomposition side of the proposed modulation process. The usage of a modulation channel reportedly allows for coding high bit-depth or even floating point video sequences with low bit depth encoding/decoding devices. The concept consists in splitting an input high bit-depth signal into two signals of low bit-depth, one modulation signal and one low bit-depth (LBD) signal corresponding to the residual part of the modulation. In the proposed approach, two functional modes are considered, one such that the LBD signal will use BT.709 or BT.2020 recommendations (therefore being usable as is on BT.709 or BT.2020 rendering devices), and one offering improved coding efficiency but without direct compatibility with the BT.709 or BT.2020 rendering devices.
6.6 Non-normative: Encoder optimization, decoder speed improvement and cleanup, post filtering, loss concealment, rate control (XX)
JCTVC-R0103 On referencing structure supporting temporal scalability [B. Li, J. Xu (Microsoft)]

TBP.
This document proposes a modified configuration to support temporal scalability when the random access coding structure is used. Compared with RA anchor, which does not support temporal scalability, enabling temporal scalability with the modified configuration brings 0.1% performance loss on average. While compared with the current configuration supporting temporal scalability in HM-14.0, i.e., encoder_randomaccess_main_4tids.cfg in HM-14.0, about 0.4% performance gain is achieved by the modified configuration.
7 Unclear, withdrawn (2)
JCTVC-R0055 Withdrawn

JCTVC-R0152 Withdrawn

JCTVC-R0313 Withdrawn
JCTVC-R0358 Withdrawn
8 Plenary Discussions and BoG Reports

8.1 General
Discussion JCT-VC plenary Sat. 16:00

Establish WD on SCC including

· IBC full-frame with new vector prediction (R0309) and binarization (R0186)

· Adaptive color transform (R0147)

Discussion JCT-VC plenary 07-08 12:00

WD on SCC to include R0348 Palette mode.
8.2 Project development

(joint meetings)
Joint meeting 4pm Mon 07-07 (GJS+JO+JRO)
Discussion topics and Decision:
· Common issues in layered coding (SHVC & MV-HEVC)

· Conformance point specifications

· 8-deep dependency (total number of direct and indirect reference layers and the current layer), up to 63 layers to be decoded

· Sequence level vs. picture level

· 3 deep (2 sequential enhancements)?

· Multiview 5-deep (total number of direct and indirect reference layers and the current layer) – agreed
· SHVC – also 5 – agreed.

· Monochrome (RExt profile ID) – details consistent with RExt – agreed.
· Requiring decoding of auxiliary pictures if indicated in OLS – confirmed.
· Definition in terms of enhancement capability (and external base layer)

· (Partitioning was already in draft)

· Q6 supporting per-layer PTL spec. – confirmed.
· Stereo Main profile ( Multiview Main profile – confirmed.

· Remove constraint on vertical displacement? If the view order index = 1 the constraint applies; the remaining ones are not. – agreed.

· Multi-layer partitioning – No action.
· Have a multi-layer PTL for a multi-layer subset of an OLS?

· Have a multi-layer PTL for an entire OLS?

· Proposed temporal scalable profile? – defer for further discussion or study.
· Chroma format scalability – defer for further discussion or study
· HEVC version 1 compatibility

· Presence of layer 0 – agreed to remove requirement.
· Independent non-base layer decoding – agree to define.
· Access unit boundary (definition of "picture"), active parameter sets SEI compatibility (R0274), RawMinCuBits – agree to corrective actions
· Relevant docs

· m34038 Temporal Scalable Profile in SHVC [Ajay Luthra, Sam Narasimhan]

· m34363 Requirements for Chroma Format Scalability [K. Ugur, M. M. Hannuksela (Nokia)]
· JCTVC-R0158 Modifications to Scalable Main profile and general and profile-specific level limits [J. Boyce (Vidyo)]

· JCTVC-R0352 Proposed Profile, Tier, Level Conformance for SHVC [J. Boyce (Vidyo), Y.-K. Wang (Qualcomm), M. M. Hannuksela (Nokia)] [late]

· JCT3V-I0134 On the Stereo Main profile
· High throughput 16 b profile

· Was previously deferred one meeting cycle from RExt

· Relevant doc: JCTVC-R0128 High 4:4:4 16 Intra profile specification [K. Sharman, N. Saunders, J. Gamei (Sony)]
· Allowing tiles and wavefronts to be used together – agreed.

· CPB size as proposed (smaller than what might have been expected) – agreed.
· Name of profile – to be discussed suggest "High Throughput 4:4:4 16 Intra".
· HEVC prior level definitions (version 1 & RExt)

· Unspecified limit level (COM16-C.666 / m34177)
· Higher maximum frame rate (COM16-C.667 / m34179)
· (Outside of scope of JCT-VC/3V: higher levels for AVC, and same issues for AVC – COM16-C.656 / m34175)
· Q6 supporting action on C.656 and C.666. – Agreed (for later action).
· (Outside of scope of JCT-VC/3V: Additional EOTF, etc. for AVC – expect LS from MPEG)

· HEVC/RExt/SHVC/MV-HEVC conformance (v1 final – fix or remove non-conforming bitstreams – extension test bitstreams at slice, PPS, SPS, VPS, as applicable – esp. likely to need to remove the bitstream that tests SPS and VPS extension), reference software (v1 final – text prep), verification testing

· Schedule for SCC and 3D-HEVC

· 3D-HEVC – suggestion to finalize in Feb 2015, due to technical convergence – seems agreeable if the technical content is stable.

· SCC – the PoR is October 2015 (for MPEG), which would mean PDAM this October, which seems a bit unlikely. A more realistic estimate would be Feb 2016.

· Relevant docs

· m34339 Comment on the timeline for 3D-HEVC

· m34001 Early finalization of 3D-HEVC [Gero Bäse on behalf of GNB]
· m34463

· Green metadata SEI support (DIS 23001-11) – MPEG currently working on 1 message for AVC and 1 for HEVC – to be further discussed in MPEG
· (Outside of scope of JCT-VC: MFC plus depth and texture depth view packing SEI message to proceed to standardization for AVC, PDAM at this meeting (discussed in second joint meeting) –Agreed.
8.3 BoGs

JCTVC-R0336 BoG on 1D dictionary [Y. Chen, J. Xu]

JCTVC-R0340 BoG on open issues in SHVC re-sampling [E. Alshina]

JCTVC-R0342 BoG on block vector binarization methods [K. Rapaka]

JCTVC-R0345 BoG report on HLS [J. Boyce] 

See notes above in section 6.4.1.
JCTVC-R0346 BoG on SCCE3 palette coding mode [R. Cohen, Y.-W. Huang]

JCTVC-R0349 BoG on block vector prediction methods for Intra block copy [C. Pang]

BoG on YKW
9 Project planning
9.1 WD drafting and software

The following agreement was established: the editorial team has the discretion to not integrate recorded adoptions for which the available text is grossly inadequate (and cannot be fixed with a reasonable degree of effort), if such a situation hypothetically arises. In such an event, the text would record the intent expressed by the committee without including a full integration of the available inadequate text.
9.2 Plans for improved efficiency and contribution consideration
The group considered it important to have the full design of proposals documented to enable proper study.

Adoptions need to be based on properly drafted working draft text (on normative elements) and HM encoder algorithm descriptions – relative to the existing drafts. Proposal contributions should also provide a software implementation (or at least such software should be made available for study and testing by other participants at the meeting, and software must be made available to cross-checkers in CEs).

Suggestions for future meetings included the following generally-supported principles:
· No review of normative contributions without WD text

· HM text strongly encouraged for non-normative contributions

· Early upload deadline to enable substantial study prior to the meeting
· Using a clock timer to ensure efficient proposal presentations (5 min) and discussions
The document upload deadline for the next meeting was planned to be the Friday of the week preceding the meeting (3 Jan).
As general guidance, it was suggested to avoid usage of company names in document titles, software modules etc., and not to describe a technology by using a company name. Also, core experiment responsibility descriptions should name individuals, not companies. AHG reports and CE descriptions/summaries are considered to be the contributions of individuals, not companies.
9.3 General issues for CEs and TEs (to be updated)
Group coordinated experiments were planned. These fell into two categories:

· "Core experiments" (CEs) are the experiments for which there is a draft design and associated test model software that have been established.

· "Tool experiments" (TEs) are the coordinated experiments on coding tools at a more preliminary stage of work than those of "core experiments".

A preliminary description of each experiment is to be approved at the meeting at which the experiment plan is established.

It is possible to define sub-experiments within particular CEs and TEs, for example designated as CEX.a, CEX.b, etc., for a CEX, where X is the basic CE number.

As a general rule, it was agreed that each CE should be run under the same testing conditions using one software codebase, which should be based on the HM software codebase. An experiment is not to be established as a CE unless there is access given to the participants in (any part of) the CE to the software used to perform the experiments.

The general agreed common conditions for single-layer coding efficiency experiments were as described in the prior output document JCTVC-M1100.

A deadline of three weeks after the meeting was established for organizations to express their interest in participating in a CE to the CE coordinators and for finalization of the CE descriptions by the CE coordinator with the assistance and consensus of the CE participants.

Any change in the scope of what technology will be tested in a CE, beyond what is recorded in the meeting notes, requires discussion on the general JCT-VC reflector.

As a general rule, all CEs are expected to include software available to all participants of the CE, with software to be provided within two (calendar) weeks after the release of the relevant software basis (e.g. SHM, HM, or HM+RExt). Exceptions must be justified, discussed on the general JCT-VC reflector, and recorded in the abstract of the summary report.
Final CE descriptions shall clearly describe specific tests to be performed, not describe vague activities. Activities of a less specific nature are delegated to Ad Hoc Groups rather than designated as CEs.

CE plan final at same time as corresponding software except for SCE1 & 4 due to test sequence issues.

Experiment descriptions should be written in a way such that it is understood as a JCT-VC output document (written from an objective "third party perspective", not a company proponent perspective – e.g. referring to methods as "improved", "optimized" etc.). The experiment descriptions should generally not express opinions or suggest conclusions – rather, they should just describe what technology will be tested, how it will be tested, who will participate, etc. Responsibilities for contributions to CE work should identify individuals in addition to company names.

CE descriptions should not contain verbose descriptions of a technology (at least not unless the technology is not adequately documented elsewhere). Instead, the CE descriptions should refer to the relevant proposal contributions for any necessary further detail. However, the complete detail of what technology will be tested must be available – either in the CE description itself or in referenced documents that are also available in the JCT-VC document archive.

Those who proposed technology in the respective context (by this or the previous meeting) can propose a CE or CE sub-experiment. Harmonizations of multiple such proposals and minor refinements of proposed technology may also be considered. Other subjects would not be designated as CEs.

Any technology must have at least one cross-check partner to establish a CE – a single proponent is not enough. It is highly desirable have more than just one proponent and one cross-checker.

It is strongly recommended to plan resources carefully and not waste time on technology that may have little or no apparent benefit – it is also within the responsibility of the CE coordinator to take care of this.

A summary report written by the coordinator (with the assistance of the participants) is expected to be provided to the subsequent meeting. The review of the status of the work on the CE at the meeting is expected to rely heavily on the summary report, so it is important for that report to be well-prepared, thorough, and objective.
A non-final CE plan document was reviewed and given tentative approval during the meeting (with guidance expressed to suggest modifications to be made in a subsequent revision).
The CE description for each planned CE is described in an associated output document JCTVC-K11xx for CExx, where "xx" is the CE number (xx = 01, 02, etc.). Final CE plans are recorded as revisions of these documents.

It must be understood that the JCT-VC is not obligated to consider the test methodology or outcome of a CE as being adequate. Good results from a CE do not impose an obligation on the group to accept the result (e.g., if the expert judgment of the group is that further data is needed or that the test methodology was flawed).

Some agreements relating to CE activities were established as follows:

· Only qualified JCT-VC members can participate in a CE.
· Participation in a CE is possible without a commitment of submitting an input document to the next meeting.

· All software, results, documents produced in the CE should be announced and made available to all CE participants in a timely manner.

· If combinations of proposals are intended to be tested in a CE, the precise description shall be available with the final CE description; otherwise it cannot be claimed to be part of the CE.

9.4 List of CEs in SCC

· CE1: IBC vector entropy coding and block vector derivation (R0074, R0088, R0123, R0181, R0133, R0134, R0165) coordinator: C. Pang [Note from review in plenary 07-08: Move R0165 to CE2]
· CE2: IBC signalling and partitioning (R0100 also tested against SCM with PU-level ibc_flag from 204, and if possible with AMP (note: R0241 implemented AMP but with CU-level signalling), to be further refined also with merge R0097, R0356 also relates to pure PU level signaling) coordinator: J. Xu 
· CE3: IBC sub-block partitioning and flipping (R0204, R0050, R0117) coordinator: S. Liu

· CE4: Intra line copy (R0132, R0281) coordinator: C. C. Chen

· CE5: Global variation of palette size and palette predictor size (R0166, R0176, R0215) coordinator: R. Joshi

· CE6: Improvement of palette signalling with sub-categories run coding for palette (R0174, R0136, R0085, R0045, R0076), index/escape coding (R0113, R0135, R0075, R0170, R0066), transition copy (R0120, R0084) and predictor signalling (R0228) coordinator: Y.-W. Huang

· CE7: String matching for palette index coding (R0268, R0304) coordinator: Z. Ma

· CE8: Uni- and bi-color mode (R0112, R0198, R0200) coordinator: R. Cohen

· CE9: IBF/CCP interdependency (R0114, R0219, R0314) coordinator: R. Cohen

· CE10: Intra string copy (R0060, R0098, R0137, R0140, R0145, R0255) coordinator: Y. Chen, J. Xu
Note: In the context of CE10 presentation from the BoG, it was remarked that a restriction of number of runs per sequence is not appropriate. To enable real-time decoding, memory accesses and number of context coded bins have to be restricted per picture at least, and even at finer granular level (CTU, row of CTU) for applications requiring sub-picture delay (e.g. instantaneous display).
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
9.5 Alternative procedure for handling complicated feature adoptions

The following alternative procedure had been approved at a preceding meeting as a method to be applied for more complicated feature adoptions:

1. Run CE + provide software + text, then, if successful,

2. Adopt into HM, including refinements of software and text (both normative & non-normative); then, if successful,

3. Adopt into WD and common conditions.

Of course, we have the freedom (e.g. for simple things) to skip step 2.

9.6 Common Conditions for HEVC Coding Experiments (to be updated)
No particular changes were noted w.r.t. prior CTC.

9.7 Software development

The software coordinator had already started integrating changes on top of the prior HM software, and proponents of adopted proposals are required to integrate their changes into the latest version, in coordination with the software coordinator, and test in this environment. All tools were planned to again be thoroughly tested after integration.
Any adopted proposals where software is not delivered by the scheduled date will be rejected.

The planned timeline for software releases was established as follows:

· HM 12.0 and SHM 2.0 should be available within 2 weeks after the meeting. [To be fixed]
· HM 12.0+RExt should be available within 1 week after HM 12.0 availability.

In joint discussion on 07-05, it was noted that it should be relatively easy to add MV-HEVC capability to the SHVC software, and strongly suggested that this should be done.

10 Establishment of ad hoc groups

The ad hoc groups established to progress work on particular subject areas until the next meeting are described in the table below. The discussion list for all of these ad hoc groups will be the main JCT-VC reflector (jct-vc@lists.rwth-aachen.de).
New AHGs suggested from Track B:

· Complexity of palette (NN)

· Complexity of IBC, intra line & intra string copy (NN)

· Loop filtering in context of SCC tools (C. Rosewarne)

· Parallel processing capabilities of SCC tools (K. Rapaka)
	Title and Email Reflector
	Chairs
	Mtg

	JCT-VC project management (AHG1)
(jct-vc@lists.rwth-aachen.de)

· Coordinate overall JCT-VC interim efforts.
· Report on project status to JCT-VC reflector.
· Provide report to next meeting on project coordination status.
	G. J. Sullivan, J.-R. Ohm (co‑chairs)
	N

	HEVC test model editing and errata reporting (AHG2)
(jct-vc@lists.rwth-aachen.de)

· Produce and finalize JCTVC-Q1002 HEVC Test Model 15 (HM 15) Encoder Description.
· Collect reports of errata for HEVC version 1 text specification.
· Gather and address comments for refinement of these documents.
· Coordinate with AHG3 on software development and HM software technical evaluation to address issues relating to mismatches between software and text.
	B. Bross, K. McCann (co‑chairs), W.-J. Han, I. K. Kim, J.‑R. Ohm, K. Sugimoto, G. J. Sullivan, Y.‑K. Wang, (vice‑chairs)
	N

	HEVC HM software development and software technical evaluation (AHG3)
(jct-vc@lists.rwth-aachen.de)

· Coordinate development of the HM software and its distribution.
· Produce documentation of software usage for distribution with the software.
· Prepare and deliver HM 15.0 software version and the reference configuration encodings according to JCTVC-L1100 common conditions.

· Prepare and deliver additional "dot" version software releases and software branches as appropriate.
· Suggest configuration files for additional testing of tools.

· Coordinate with AHG2 on HEVC test model editing and errata reporting to identify any mismatches between software and text.
	F. Bossen (chair),
D. Flynn, K. Sühring (vice‑chairs)
	N

	HEVC conformance test development (AHG4)

(jct-vc@lists.rwth-aachen.de)

· Study the requirements of HEVC conformance testing to ensure interoperability.

· Discuss the work plan needed to develop HEVC v.1, RExt and SHVC conformance testing.

· Study potential testing methodology to fulfil the requirements of HEVC conformance testing.

· Establish and coordinate bitstream exchange activities for HEVC.

· Identify needs for HEVC conformance bitstreams with particular characteristics.

· Collect, distribute, and maintain bitstream exchange database and draft HEVC conformance bitstream test set.
	T. Suzuki (chair), J. Boyce, K. Kazui, A. K. Ramasubramonian, Y. Ye (vice‑chairs)
	N

	Verification test preparation (AHG5)

(jct-vc@lists.rwth-aachen.de)

· Complete the HEVC verification test report.

· Make preparations for verification testing of HEVC for interlaced video content.
· Make preparations for verification testing of HEVC range extensions.
	V. Baroncini (chair), M. Karczewicz, N. Ramzan, C. Rosewarne, K. Sharman, T. K. Tan, J.-M. Thiesse, W. Wan, J. Wen (vice‑chairs)
	N

	Range extensions draft text (AHG6)
(jct-vc@lists.rwth-aachen.de)

· Produce and finalize JCTVC-Q1005 HEVC RExt draft text.

· Gather and address comments for refinement of the text.

· Coordinate with AHG7 on range extensions software development to address any identified issues regarding text and software relationship.
	J. Sole (primary), D. Flynn, M. Naccari, C. Rosewarne, K. Sharman, G. Sullivan, T. Suzuki
	N

	Range extensions software and test model development (AHG7)
(jct-vc@lists.rwth-aachen.de)

· Coordinate development of the HM RExt software and its distribution

· Prepare and deliver HM 14.0-RExt-7.0 software version and the reference configuration encodings according to JCTVC-P1006.

· Prepare and deliver additional "dot" version software releases and software branches as appropriate.

· Update HEVC Range extensions test model 7 encoder description (Q1013).

· Perform analysis and reconfirmation checks of the behaviour of the draft design, and report the results of such analysis.

· Suggest configuration files for additional testing of tools.

· Coordinate with AHG6 on range extensions draft text to address any identified issues regarding text and software relationship.
	D. Flynn, K. Sharman (co‑chairs)
	N

	Screen content coding (AHG8)

(jct-vc@lists.rwth-aachen.de)

· Study (lossy and lossless) coding tools and the performance of HEVC and its range extensions on screen content.
· Evaluate and identify test material appropriate for testing screen content coding performance, in coordination with AHG16.
· Make recommendations for test conditions for screen content coding.

· Coordinate with SCCEs on combination experiments.

· Finalize the common test conditions SCCEs.
	R. Cohen and H. Yu (co‑chairs), A. Duenas, T. Lin, S. Liu, J. Sole, J. Xu, Y. Ye (vice‑chairs)
	N

	High-level syntax for HEVC extensions (AHG9)

(jct-vc@lists.rwth-aachen.de)

· Identify opportunities for common approaches for multi-view and scalable high-level extensions of HEVC.

· Study NAL unit header, video parameter set, sequence parameter set, picture parameter set, and slice header syntax designs.

· Study SEI messages and VUI syntax designs needed for HEVC extensions.

· Study mechanisms to indicate decoding capabilities/requirements for auxiliary picture layers

· Investigate mechanisms for picture referencing across CRA pictures

· Study and compare mechanisms for enabling temporal enhancement layers and diagonal inter-layer prediction

· Study the operation of the Hypothetical Reference Decoder for multi-layer operation.

· Assist in software development and text drafting for the high-level syntax in the HEVC extensions designs.

· Coordinate efforts with JCT-3V AHG6 on high-level syntax issues in relation to 3D extensions.
	J. Boyce and M. M. Hannuksela (co‑chairs), Y. Chen, S. Deshpande, J. Samuelsson, G. Tech, Y.‑K. Wang, P. Wu (vice‑chairs)
	N

	Layered coding constraint specifications and capability indications (AHG10)

(jct-vc@lists.rwth-aachen.de)

· Study how constraints on bitstream syntax affect specifications of bitstream conformance and decoder conformance for layered coding.

· Study indications of bitstream properties and decoding process requirements for layered coding.

· Identify potential side-effects of constraint specifications and capability indications and recommend alternative approaches.

· Identify potential needs for modifications and additional indications of constraints and decoding process requirements for layered coding.

· Coordinate with AHG 9 on high-level syntax for constraint specifications and capability indications for layered coding.
	G. Sullivan (chair)
	Tel.

	SHVC text editing (AHG11)

(jct-vc@lists.rwth-aachen.de)

· Produce and finalize JCTVC-Q1007 SHVC Test Model 6 (SHM 6) text.

· Produce and finalize JCTVC-Q1008 SHVC text specification Draft 6.

· Gather and address comments for corrections and editorial improvements of these documents.

· Coordinate with AHG12 on SHVC software development to address issues relating to mismatches between software and text.
	J. Chen (chair), J. Boyce, M. M. Hannuksela, G. J. Sullivan, Y.‑K. Wang, Y. Ye (vice‑chairs)
	N

	SHVC software development (AHG12)

(jct-vc@lists.rwth-aachen.de)

· Prepare SHM 6.0 software (based on HM 14) for experimentation.

· Provide software to CEs within two weeks after the meeting.

· Generate anchors and templates based on common test conditions.

· Discuss and identify additional issues related to SHVC software.
	V. Seregin, Y. He, (co‑chairs)
	N

	SHVC inter-layer resampling process (AHG13)

(jct-vc@lists.rwth-aachen.de)

· Develop methodology for evaluating the accuracy of resampling processing

· Study generic solutions for phase adjustment in resampling process

· Study re-sampling process modification related to extracting regions of interest.

· Discuss and identify additional issues related to resampling filtering.
	E. Alshina (chair), J. Chen, P. Topiwala, T. Yamamoto, Y. Ye (vice‑chairs)
	Tel.

	Colour gamut and bit depth scalability (AHG14)

(jct-vc@lists.rwth-aachen.de)

· Study methods for colour gamut and bit depth scalable coding.

· Study the interaction of colour gamut scalability with bit-depth and spatial scalability.

· Identify test sequences and test conditions, in coordination with AHG16.

· Study the complexity of various methods for colour gamut scalable coding

· Discuss and identify additional issues related to colour gamut scalability.
	P. Andrivon, A. Duenas, (co‑chairs), C. Auyeung, E. Alshina, S. Deshpande, X. Li, K. Ugur, Y. Ye (vice‑chairs)
	N

	SCC extensions test model text editing (AHG15)

(jct-vc@lists.rwth-aachen.de)

· Produce and finalize HEVC screen content coding extensions test model 1.0 text.

· Gather and address comments for refinement of the test model.

· Coordinate with AHG [SCC extensions software development] to address issues relating to mismatches between software and text.
	J. Xu, R. Joshi (co‑chairs), R. Cohen, S. Liu, Z. Ma, Y. Ye
	N

	Test sequence material (AHG16)

(jct-vc@lists.rwth-aachen.de)

· Maintain the video sequence test material database for HEVC development.

· Identify, collect, and make available a variety of video sequence test material.

· Study coding performance and characteristics in relation to video test materials.

· Identify and recommend appropriate test materials and corresponding test conditions for use in development of HEVC and its extensions.

· Coordinate with the activities in AHG5 on range extensions development, AHG8 on screen content coding, and AHG14 on colour gamut scalability, AHG18 on high bit rate and high bit depth operation.
	T. Suzuki, V. Baroncini, R. Cohen (co‑chairs), T. K. Tan, S. Wenger (vice‑chairs)
	N

	SCC extensions software development (AHG17)

(jct-vc@lists.rwth-aachen.de)

· Coordinate development of the HM SCM software and its distribution.

· Prepare and deliver HM 14.0-SCM-1.0 software version and the reference configuration encodings according to JCTVC-Q1015.

· Prepare and deliver additional "dot" version software releases and software branches as appropriate.

· Perform analysis and reconfirmation checks of the behaviour of the draft design, and report the results of such analysis.

· Suggest configuration files for additional testing of tools.

· Coordinate with AHG15 to address any identified issues regarding text and software relationship.
	B. Li, K. Rapaka (chairs), R. Cohen, P. Chuang, X. Xiu (vice‑chairs)
	N


11 Output documents (to be updated)
The following documents were agreed to be produced or endorsed as outputs of the meeting. Names recorded below indicate those responsible for document production.
SCC WD output:

· IBC

· Adaptive colour transform

Adaptive MV resolution? – No

JCTVC-Q1000 Meeting Report of 17th JCT-VC Meeting [G. J. Sullivan, J.-R. Ohm] [2014-06-20] (near next meeting)
Remains valid – not re-issued: JCTVC-H1001 HEVC software guidelines [K. Sühring, D. Flynn, F. Bossen, (software coordinators)]

(Remains valid, although from a prior meeting.)

JCTVC-Q1002 High Efficiency Video Coding (HEVC) Test Model 15 (HM 15) Encoder Description [K. McCann (primary), B. Bross, W.-J. Han, I. K. Kim, K. Sugimoto, G. J. Sullivan] [2014-06-20] (near next meeting)
JCTVC-Q1003 High Efficiency Video Coding (HEVC) Edition 1 Defect Report Draft 4 [Y.-K. Wang, G. J. Sullivan, B. Bross] [2014-05-30]

JCTVC-Q1004 HEVC Conformance Draft 7 [T. Suzuki, W. Wan, G. J. Sullivan] (WG 11 N 14426 Preliminary draft of ISO/IEC FDIS) [2014-05-16]

JCTVC-Q1005 HEVC Range Extensions Draft Text 7 [D. Flynn, M. Naccari, K. Sharman, C. Rosewarne, J. Sole, G. Sullivan, T. Suzuki] (WG 11 N 14414, ISO/IEC FDIS) [2014-05-30]

Remains valid – not reissued: JCTVC-P1006 Common test conditions and software reference configurations for HEVC range extensions [D. Flynn, C. Rosewarne, K. Sharman]
JCTVC-Q1007 SHVC Test Model 6 (SHM 6) [J. Chen, J. Boyce, Y. Ye, M. M. Hannuksela] (WG 11 N 14419) [2014-06-06]

JCTVC-Q1008 SHVC Draft Text 6 [J. Chen, J. Boyce, Y. Ye, M. M. Hannuksela, G. J. Sullivan, Y.-K. Wang] (WG 11 N 14416 ISO/IEC Study of DAM3) [2014-06-06]

JCTVC-Q1009 Common SHM test conditions and software reference configurations [V. Seregin, Y. He] [2014-05-02] (1 week after software)

Update to include updated anchor results and config files.
Include colour gamut scalability tests.

Remains valid – not updated JCTVC-O1010 Guidelines for conformance test bitstream preparation [T. Suzuki, W. Wan]

JCTVC-Q1011 Report on HEVC compression performance verification test (WG 11 N 14420) [T. K. Tan, M. Mrak, V. Baroncini, N. Ramzan] [2014-04-25]

JCTVC-Q1012 Range extensions conformance draft 1 (WG 11 N 14427) [T. Suzuki, K. Kazui (Editors)] [2014-05-30]

JCTVC-Q1013 HEVC Range Extensions Test Model 7 Encoder Description [M. Naccari, C. Rosewarne, K. Sharman, G. Sullivan] (WG 11 N 14418) [2014-06-06]

Remains valid – not re-issued: JCTVC-L1100 Common HM test conditions and software reference configurations [F. Bossen]

(Remains valid, although from a prior meeting.)

Note that regardless of preliminary CE plans established earlier in the meeting were not considered binding on final CE plans as reviewed in closing plenary.

JCTVC-Q1014 Screen content coding test model 1 (SCM 1) (WG 11 N 14421) [R. Joshi, J. Xu, R. Cohen, S. Liu, Z. Ma, Y. Ye] [2014-04-25]
JCTVC-Q1015 Common conditions for screen content coding tests [H. Yu, R. Cohen, K. Rapaka, J. Xu] [2014-05-02]
JCTVC-Q1101 HEVC Scalable Extensions Core Experiment SCE1: Colour Gamut and Bit Depth Scalability [A. Duenas, P. Andrivon, E. Alshina, Y. Ye, K. Ugur, X. Li (CE coordinators)] [2014-04-25] (three weeks)
3 weeks for finalization of CE description. Some details of planned test to be worked out to provide a more precise defintion of the experiment.

To test normative and non-normative alternatives.

JCTVC-Q1101 was reviewed in non-final form in closing plenary. A three week finalization period was authorized for the plan document.

JCTVC-Q1121 HEVC Screen Content Core Experiment 1 (SCCE1): Intra block copy [J. Sole, S. Liu (CE coordinators)] [2014-04-18] (two weeks)
JCTVC-Q1121 was reviewed in non-final form in closing plenary. A two week finalization period was authorized for the plan document.

JCTVC-Q1122 HEVC Screen Content Core Experiment 2 (SCCE2): Line-based intra copy [C.-C. Chen, X. Xu, L. Zhang (CE coordinators)] [2014-04-18] (two weeks)

JCTVC-Q1122 was reviewed in non-final form in closing plenary. A two week finalization period was authorized for the plan document.

JCTVC-Q1123 HEVC Screen Content Core Experiment 3 (SCCE3): Palette mode [Y.-W. Huang, P. Onno, R. Joshi, R. Cohen, X. Xiu, Z. Ma (CE coordinators)] [2014-04-18] (two weeks)

JCTVC-Q1123 was reviewed in non-final form in closing plenary. A two week finalization period was authorized for the plan document.

JCTVC-Q1124 HEVC Screen Content Core Experiment 4 (SCCE4): String matching for sample coding [Y. Chen, J. Xu (CE coordinators)] [2014-04-18] (two weeks)

JCTVC-Q1124 was reviewed in non-final form in closing plenary. A two week finalization period was authorized for the plan document.

JCTVC-Q1125 HEVC Screen Content Core Experiment 5 (SCCE5): Inter-component prediction and adaptive colour transform [X. Xiu, J. Chen (CE coordinators)] [2014-04-18] (two weeks)

JCTVC-Q1125 was reviewed in non-final form in closing plenary. A two week finalization period was authorized for the plan document.

12 Future meeting plans, expressions of thanks, and closing of the meeting
Future meeting plans were established according to the following guidelines:

· Meeting under ITU-T SG 16 auspices when it meets (starting meetings on the Monday or Tuesday of the first week and closing it on the Tuesday or Wednesday of the second week of the SG 16 meeting), and

· Otherwise meeting under ISO/IEC JTC 1/SC 29/WG 11 auspices when it meets (starting meetings on the Wednesday or Thursday prior to such meetings and closing it on the last day of the WG 11 meeting).

Some specific future meeting plans were established as follows:

· 17–24 Oct. 2014 under WG 11 auspices in Strasbourg, FR.
· 10–18 Feb. 2015 under ITU-T auspices in Geneva, CH.

· 18–26 June 2015 under WG 11 auspices in Warsaw, PL.
· XX–XX Oct. 2015 under ITU-T auspices in XXXX, XX.

The agreed document deadline for the 19th JCT-VC meeting is XX Oct. Plans for scheduling of agenda items within that meeting TBA.
XXX were thanked for the excellent hosting of the 18th meeting of the JCT-VC.
The JCT-VC meeting was closed at approximately XXXX hours on Wed. 9 July 2014.

Annex A to JCT-VC report:
List of documents

Annex B to JCT-VC report:
List of meeting participants

The participants of the eighteenth meeting of the JCT-VC, according to a sign-in sheet circulated during the meeting (approximately XXX people in total), were as follows:
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