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1 [bookmark: _Toc504713888]Introduction
During SA4#124 a new study item was agreed and approved during SA#100 in SP-230540 addressing “New HEVC profiles and operating points“. Objectives includes
· Identify and gather the opportunities for improving HEVC-based services including documentation of motivating use cases and scenarios with highest priority to potentially improving compression performance to tackle the resurgence of stereoscopic 3D video content, in the context of recent successful 3D movie releases.
· Gather HEVC based solutions to address each opportunity. This will also include relevant existing and upcoming HEVC profiles that are not included in 3GPP specifications today, in particular for the above objective “HEVC Multiview profile”.

We understand that HEVC Multiview profiles have different application spaces. The multiview extension of HEVC (MV-HEVC) provides support for coding multiple views with inter-layer prediction. It was designed as a high-level syntax only extension to allow reuse of existing decoder components. According to the IEEE paper[footnoteRef:2], the multiview extension, MV-HEVC, allows efficient coding of multiple camera views and associated auxiliary pictures, and can be implemented by reusing single-layer decoders without changing the block-level processing modules since block-level syntax and decoding processes remain unchanged. Bit rate savings compared with HEVC simulcast are achieved by enabling the use of inter-view references in motion-compensated prediction. To evaluate the compression efficiency simulations were conducted. In that framework, multiview texture video are provided as input. For the typical use case foreseen for MV-HEVC, which is the coding of stereo video without depth, the reported results were obtained by averaging the bit rate savings of six test sequences suitable for stereoscopic displays. Savings for each sequence have been calculated based on total bit rate and averaged PSNRs of both layers (average) as well as of the enhancement layer. The total results for MV-HEVC compared with simulcast coding are about 32%. Regarding the enhancement texture only, which benefits from IV prediction, bit rate savings of about 71% have been achieved. [2:  G. Tech, Y. Chen, K. Müller, J.-R. Ohm, A. Vetro, and Y.-K. Wang, "Overview of the Multiview and 3D Extensions of High Efficiency Video Coding", IEEE Transactions on Circuits and Systems for Video Technology, Vol. 26, Issue 1, pp. 35-49, Sept. 2015
] 

2 Considerations
New video codec profiles can require significant changes in a hardware platform. However, based on an initial analysis of MV-HEVC, we consider the impacts of adding this technology to future hardware that already supports HEVC is of less concern. It only requires firmware changes. At the same time, we expect that with the announcement of product support for MV-HEVC in certain devices, content will be made available in this format.

Based on this analysis, we consider that MV-HEVC for the support of stereoscopic video is suitable, in particular for cases where for example left and right eye are projected. However, a detailed definition of the exact profiles and levels are expected to be addressed.

The main two use cases and scenarios that are envisioned to be beneficially supported by MV-HEVC when consuming 3D content on VR and/or AR glasses:
· Stereoscopic video streaming
· Raster-based Split-Rendering 

In order to properly address the use cases and to identify the needs for potential normative work, the following aspects should be considered
· The considered formats for the different use cases
· The potential compression gains against a simple simulcast scenario
· Relevant quality criteria and performance metrics.
· Interoperability needs including DASH/HLS/CMAF media profiles, RTP payload formats etc. 
· understanding and insights of specific QoS requirements, bitrates and so on would be needed. 
3 Proposed Scenario and evaluation framework
In order to evaluate the performance and justify potential benefits a qualitative and quantitative analysis on what would be 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. 
	#
	Parameter
	Definition

	1
	Scenario name
	

	2
	Motivation for the scenario
	

	3
	Description of the scenario
	

	4
	Supporting companies and 3GPP members
	

	5
	Source format properties
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
	

	12
	Additional Information
	



Note that the evaluation does not necessarily have to be as detailed as in TR 26.955, relying on external performance data is good. However, it should be possible to understand if and how the information fits into the 3GPP relevant use cases. Repeatability should also be considered.
4 Scenario 1: Stereoscopic video streaming
The first scenario is about streaming stereoscopic video content. Some initial thoughts on configurations are provided below.

	#
	Parameter
	Definition

	1
	Scenario name
	Stereoscopic video streaming

	2
	Motivation for the scenario
	See above

	3
	Description of the scenario
	3D movies may be provided such that stereoscopic content is shown on a VR Headset, left and right eye. The content is streamed.

	4
	Supporting companies and 3GPP members
	Apple, Qualcomm

	5
	Source format properties
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
	
e.g., 2 x 1440 x 1440 (e.g. Oculus Quest 2)
YUV
4:2:0
1:1
60fps
BT.2020
BT.2020 (SDR) ? HDR support?
10 bit
Stereoscopic 

	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
	Re-use settings from TR 26.955

Encoding and Decoding Constraints H.265/HEVC UHD
Relevant Codec and Codec Profile/Levels according to TS26.116 and TS26.511.	HEVC/H.265 Main 10 Profile Main Tier Level 5.1 [8]
Random access frequency	1 second
Error resiliency requirements	None
Bit rate parameters (CBR, VBR, CAE, HRD parameters)	Fixed QP
ABR encoding requirements (switching frequency, etc.)	1 second
ABR through multiple QPs
Latency requirements and specific encoding settings	No latency requirements beyond RAP so picture reordering is allowed
Encoding complexity context 	real-time encoding, cloud-based encoding, offline encoding, etc.
Required decoding capabilities	
HEVC/H.265 Main 10 Profile Main Tier Level 5.1 [8]


	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
	tbd

	8
	Interoperability Considerations for the application
a. Streaming with DASH/HLS/CMAF
b. RTP based delivery
	CMAF media profile
DASH signaling

See TR 26.955, clause 6.2.6


	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
	tbd

	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.
	Anchor
· Simulcast of left and right eye

	11
	External Performance data
	

	12
	Additional Information
	



5 Scenario 2: Projected Stereoscopic video for split rendering
	#
	Parameter
	Definition

	1
	Scenario name
	Pixel Streaming

	2
	Motivation for the scenario
	See above

	3
	Description of the scenario
	See TS 26.565

	4
	Supporting companies and 3GPP members
	Apple, Qualcomm

	5
	Source format properties
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
	
2 x 1440 x 1440
YUV
4:2:0
1:1
60fps
BT.2020
BT.2020 (SDR)
10 bit
Stereoscopic 

	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
	H.265/HEVC Main 10 Profile Level 5.1, Level 6.1
infinite
See configuration files in section 6.6.8.3
Low-latency requirements,  Low-delay-B configuration without use of future reference frames.
real-time encoding.
H.265/HEVC Main 10 Profile Level 5.1

	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
	tbd

	8
	Interoperability Considerations for the application
a. Streaming with DASH/HLS/CMAF
b. RTP based delivery
	RTP payload format
SDP

	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
	tbd

	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.
	Anchor
· Simulcast 

	11
	External Performance data
	

	12
	Additional Information
	



6 Other Considerations
We appreciate the start of an evaluation in 3GPP on MV-HEVC. We believe that stereoscopic video is a good starting point to address the initial needs beyond the simulcast for Rel-18 content. 

We may have to identify how MV-HEVC can be combined with content requiring
· Additional depth information
· Alpha channels for transparency signaling
This should be part of the interoperability considerations. 

In addition, the exact MV-HEVC profile profile needs to be identified, we expect that it is “HEVC multiview profiles supporting extended bit depth”.

The introduction of MV-HEVC according to this process is proper and exemplary and may also serve as a basis for future considerations of codecs beyond the current needs, e.g. when considering V3C.
7 Proposal
It is proposed that 
· The two scenarios are defined for MV-HEVC evaluation. The focus is on streaming, but split rendering should be considered as well and at least be evaluated in terms of feasibility.
· Detailed evaluation criteria are developed to map it to 3GPP services and specifications. A detailed analysis if not needed in 3GPP if data can be collected from external and the information can also be explained by plausibility, for example re-using similar results from TR 26.955.
· Compare any new technologies beyond MV-HEVC, if proposed, within this evaluation framework at a later stage. 
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