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1 [bookmark: _Toc504713888]Background
During SA4#119-e, the FS_5GVideo study was completed with the completion of TR 26.955. One important outcome of the work documented in TR26.955 is the characterization and evaluation of H.265/HEVC against relevant scenarios and its characterization against H.264/AVC. Also, a first understanding of H.265/HEVC performances versus new codecs was developed. From the scenarios and results in this Technical Report it is observed that H.265/HEVC does not show any functional deficiencies or gaps, nor does it lack any relevant features. In terms of compression efficiency, H.265/HEVC, evaluated based on the HM, performs sufficiently well for all the scenarios in this technical report.

Providing consistent HEVC-based interoperability in 3GPP services, for traditional and new scenarios, is definitely beneficial. It is recommended that 3GPP consider upgrading specifications to support profiles, levels, and possibly features available in HEVC. Features may include better support for screen content and computer-generated content, XR/AR type of services, as well as low and very low latency services.
The framework and the initial results for new codecs, while demonstrating coding performance improvements over H.265/HEVC, are not mature enough to support concrete recommendations. 

During SA4#123-e, a draft work item was submitted to directly address new HEVC profiles in S4-230494. During SA4#123-e this work item was discussed, and a revised version was produced in https://www.3gpp.org/ftp/TSG_SA/WG4_CODEC/TSGS4_123-e/Inbox/Drafts/Video/S4-230494_HEVC_SI_r3.docx that changed the scope to a study. Qualcomm provided comments during SA4#123-e to align the objectives with common objectives in 3GPP.
1. Include motivating use cases and scenarios for new HEVC profiles
1. Document relevant existing HEVC profiles that are not included in 3GPP today
1. Provide evaluation of the benefits/drawbacks using new profiles for relevant use cases including performance results, complexity and implementation aspects, etc. 
1. Extend the existing scenarios and anchors, or create new scenarios from TR 26.955 to justify such extensions
1. Identify relevant interoperability and system level aspects to potentially support such new profiles
1. Identify if any new normative work would be justified and if so, provide relevant conclusions
It should also be added that the work should be done in collaboration with other organizations as needed, including CTA WAVE, 5G-MAG, etc.

During this meeting a new study item proposal is submitted that addresses only a subset of the comments in S4-230857.
This document provides some comments and rationales on the expected scope of a new work on HEVC extensions.
2 Scenario-based Analysis
In S4-230494, the focus was on addition of new HEVC profiles, in particular the following were mentioned:
· HEVC 4:4:4 (up to 10 bits) capable profiles, 
· HEVC Multiview profiles, and
· HEVC Scalable profiles,

New profiles are significant changes in a hardware platform. Some of the above profiles may be less complex to support, e.g., Scalable or Multiview, but still need detailed testing, support of conformance and interop, etc. Others may create significant implementation costs in terms of area size, complexity, testing, etc. At this stage we are also unaware of mobile devices that would support any of such profiles and more evidence would be needed. New profiles would need a very careful cost/benefit analysis.

In order to evaluate the performance and justify potential benefits a qualitative and quantitative analysis on what would bet the costs and benefits would be needed. In TR26.955, the characterization was based on typical scenarios. A scenario template is provided in Annex A. 
1.	Scenario name <give the scenario a catchy name> 
2.	Motivation for the scenario: Why is the scenario relevant for 5G and video? What is the expected traffic? 
3.	Description of the scenario: This provides a description of the scenario addressing potentially the relation to a service 5G-based services and applications, including video formats (resolution, frame rates, colour space, etc.), encoding and decoding requirements, adaptive streaming requirements, predominantly based on scenarios defined for 5G media streaming as well as for TR 26.925 and TR 26.928
4.	Supporting companies and 3GPP members: 
a.	This documents the 3GPP members that support this scenario in terms of providing the information, test material, test requirements and the characterization for the tests. For each of the identified necessities, a tick box is is created in the template.
b.	Preferably several 3GPP members are included in the support, and in addition a video service provider may be included (not necessarily a 3GPP member).
c.	Cross-verification is preferably done by the supporters of the scenario
5.	Source format properties: This defines a clear range of the considered and relevant source formats, including the signal properties, but also the characteristics of the content. As an example, the source formats as defined in TS26.116 may be used which include:
a.	Spatial resolutions
b.	Chroma Format
c.	Chroma Subsampling
d.	Aspect ratios
e.	Frame rates
f.	Colour space formats
g.	Transfer Characteristics
h.	Bit depth
i.	Other signal properties
6.	Encoding and decoding constraints and settings: Typical encoding constraints and settings such as
a.	Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.
b.	Random access frequency
c.	Error resiliency requirements
d.	Bitrates and quality requirements
e.	Bitrate parameters (CBR, VBR, CAE, HRD parameters)
f.	ABR encoding requirements (switching frequency, etc.)
g.	Latency requirements and specific encoding settings
h.	Encoding context: real-time encoding, on device encoding, cloud-based encoding, offline encoding, etc.
i.	Required decoding capabilities
7.	Performance Metrics and Requirements: 
a.	A clear definition on how the performance needs to be evaluated including metrics, etc addressing the main KPIs of the scenario. 
b.	Objective measures such as PSNR, VMAF, etc, may be used.
c.	Subjective evaluation is not excluded and may be done, but needs commitment
8.	Interoperability Considerations for the application
a.	Streaming with DASH/HLS/CMAF
b.	RTP based delivery
9.	Test Sequences
a.	A set of selected test sequences that are provided by the proponents in order to do the evaluation. They should cover a set of source format properties
10.	Detailed test conditions:
a.	Provides a proposal for detailed test conditions, for example based on a reference software together with the sequences and configuration parameters.
11.	External Performance data
a.	References to external performance data that can be added, for example other SDOs, public documents and so on.
12.	Additional Information

For the evaluation of new profiles, we believe that either the re-use of existing scenarios from TR 26.955 may be suitable, or new scenario aligned with the template above need to be defined.

It may be needed, that there are some adjustments on for example the evaluation of the benefits, for example objective metrics may not be usable or may be limited, but a well-defined improvement compared to existing codecs available in 3GPP would be needed.

We believe that the use cases and scenarios mentioned in S4-230494 are convincing and detailed:
· Address the demands for very high-quality image/video prosumer applications and gaming/screen content sharing.
· We have no indication of video prosumer applications that would require 4:4:4. Even production nowadays is typically not using 4:4:4. We lack more details on this matter.
· We are not aware that game and screen content would require 4:4:4. A more detailed description of the actual scenario would be needed
· Suboptimal compression performance to tackle the resurgence of stereoscopic 3D video content, in the context of recent successful 3D movie releases.
· We lack the relevance of this use case and also lack any evidence on the benefits.
· Suboptimal network performance related to exploding adaptive streaming traffic.
· We lack the relevance of this use case and also lack any evidence on the benefits. 
· We checked with people in the streaming industry and there is no/zero demand for scalable video coding, also considering to have to deal with backward-compatibility and many other issues such as DRM support.

So the evaluation of a new profile compared to existing 3GPP codecs and profiles within a well-defined and representative scenario is of utmost importance and must not be dismissed. Only if sufficient evidence of significant benefits for new codec/profile would be provided, and the costs of implementation are understood, this would warrant normative work. 

We believe that the study may benefit from the following facts:
-	A study proposal should be closely aligned with TR 26.955 on creating scenarios and also an evaluation and anchor framework (see Annex A of TR 26.955). We want to re-use the efforts we did in 26.955. We do not need a new TR or at least not a new approach.
-	In particular for 4:4:4, a complexity/bitrate/cost/performance evaluation is needed under at least one well-defined scenario. While 3GPP may look at implementation aspects, we may ask MPEG to do some subjective verification tests. 
-	For S-HVC and M-HVC, prominent scenarios are still unclear and should be evaluated not only for performance gains, but also from a system perspective.

Within existing scenarios or newly defined scenarios, other extensions or profiles may for example be evaluated, for example FREXT.

We also believe that evaluation may for example include the usage of existing HEVC profiles for low-latency services (matching the 5G QoS parameters) including proper configuration methods.
3 Proposal
It is proposed that 
· for any new HEVC profile, a scenario-based evaluation is carried out aligned with TR 26.955 by defining anchors, well-defined evaluation criteria, reference sequences, etc.
· to create properly motivated scenarios that allow the evaluation
· if a study is moving forward, address the following objectives:
· Define motivating use cases and scenarios for the characterization of new HEVC functionalities and profiles not yet in 3GPP specifications.
· Document relevant existing HEVC features and profiles that are not included in 3GPP today
· Provide evaluation of the benefits/drawbacks using new profiles for relevant including performance results, complexity and implementation aspects, interoperability, system integration, etc. following the example in TR26.955 based on selected scenarios
· Use the characterization framework in TR26.955, possibly with adjustment to metrics evaluation for the evaluation of codecs.
· Identify relevant interoperability and system level aspects to potentially support such new profiles
· Identify if any new normative work would be justified and if so, provide relevant conclusions
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