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1 Introduction
This document considers to address additional work for VR in 3GPP, primarily to provide content generation guidelines and characterization results accompanying the specification work in TS26.118. This document is a follow-up to S4-180802, S4-181092 and S4-181464 that were briefly discussed during SA4#99, SA4#100 and SA4#101, respectively.
A key issue as discussed below is the interest and willingness from 3GPP partners to contribute to such a potential work and there this document is only provided for discussing the matter.

Compared to the previous version, this document adds two additional aspects:

· Considerations on interoperability

· Considerations on minimum necessities to create a meaningful set of characterization and interop tools.
2 Justification

TS26.118 includes several VR media profiles for video and a single media profile for audio, but with different configuration options. The specification focuses primarily on interoperability requirements for VR360 applications, but neither on content generation guidelines nor on performance characterization of the solutions. In order for content providers and the rest of the ecosystem being able to select and configure the technologies defined in TS26.118 and to generate content for streaming applications, collecting such information would be most valuable. In addition, VR client implementers would benefit from conformance bitstreams and Media Presentations that fulfill the requirements of the specification and are generated using the content generation guidelines.
For audio, characterization of potential media profiles was already part of the submission process for the media profiles in order to understand the performance and suitability of the technology. The audio characterization results are documented in the internal TR 26.818. However, the results are not comprehensive and only documented 3GPP internally. 
For video, some initial considerations on the subjective quality of VR video was carried out during the study item of FS_VR and some subjective evaluation results are documented in TR26.918, clause 7. Whereas the test setup was considered unique up to this point and the initial results are very interesting, at the same time this information is only partially overlapping with the specification text in TS26.118, the results are not comprehensive and the test material is likely not fully representative. 

In both cases the effect of streaming has not been considered, for example the effects of latency in a streaming case, adaptive bitrate switching and so on. Also, the combination of audio and video in a single experience is not included the in the above-mentioned tests. Understanding the bitrate and system requirements for proper deployment of TS26.118 technologies is of major importance.
Finally, in the course of a potential characterization work, potential improvements to the specification in TS26.118 may be developed, for example on improved formats. 
3 Potential Objectives

In order to provide content generation and usage guidelines for the technologies defined in TS26.118, the following aspects should be addressed:

· Develop a set of key usage scenarios for the application of technologies defined in TS26.118, including live and on-demand streaming of VR360 content.

· Based on the usage scenarios, define a test and characterization framework for the technologies in TS26.118 building on the initial experience developed in LiQuiMas TS26.250 and TR26.918.

· Document content generation guidelines that address the usage scenarios for the different selected technologies from TS26.118.

· Identify objective quality measures for the relevant usage scenarios and provide information of the technologies in TS26.118 and certain parameter settings such as bitrates, quality options, etc. for each media
· Document existing test results or conduct additional subjective tests for the relevant usage scenarios and characterize the applicability of the technologies in TS26.118 and certain parameter settings such as bitrates, quality options, etc. for each media
· Develop and document usage guidelines for a combined media
· Provide conformance bitstreams and media presentations that follow the content generation guidelines and conform to the requirements in TS 26.118. 

· Identify any deficiencies, gaps and optimization potentials for potential improvements to TS26.118

For all work harmonization and potential coordination with other organizations such as MPEG, ITU-T or VR Industry Forum should be considered.   
4 Issues

The above description may be conducted in a feasibility study in Rel-16 and it likely creates significant benefit value for 3GPP SA4 and the specification in TS26.118. However, such a work would require commitment and contribution from 3GPP members in order fulfill the objectives. Work should only be started if there is a clear understanding that the objectives can be reached. Based on the experience for the development of the test results in TR26.118, a couple of aspects need to be clarified:
· Availability of test content for video and audio. In the context of TR26.918 we had to rely on the content from MPEG, but this was very restricted. Is there commitment to provide test content?

· Availability of test equipment and test setup for running such tests, including integrated audio/video tests. The test setup developed for TR26.918 and TS26.259 may be reused and refined. Is this feasible and do we consider this sufficient? Integration of latency tests is tricky and may need further consideration.
· Availability of content generation tools to prepare the material, including metadata generation, encoding and ISO BMFF/DASH packaging.

· And possibly others
5 Characterization Plan Considerations
5.1
Objectives
The characterization includes the following objectives:

· Provide VR Presentations that conforms to profiles in TS26.118

· Provide the subjective quality of these VR Presentations in different environments

· Provide some objective quality of these VR Presentations in different environments, if possible

· Provide some quality and bitrate numbers that can be used to dimension the network

5.2
Necessary Steps for Video

	Required Processes
	Status Check and Proposal

	Test Sequences with the following parameters:

· Basic Video Profile

· 4096 × 2048
· BT.709

· 50Hz, 60Hz

· 8 bit, 4:2:0

· May be processed to meet lower requirements

· Main Video Profile

· Mono: 6144 × 3072
· Stereo: 3840 × 1920
· BT.2020, BT.709

· 50Hz, 60Hz

· 10 bit, 4:2:0

· May be processed to meet lower requirements

· Flexible Video Profile

· Mono: 8192 × 4096
· Stereo: 4320x2880 

· BT.2020, BT.709

· SDR, HDR
· 50Hz, 60Hz, 100Hz, 120Hz
· 10 bit, 4:2:0

· May be processed to meet lower requirements
Other Requirements:

· At least 10 seconds duration

· Encoded bitstreams can be published as part of a 3GPP TR
	Status Check
· Interdigital informs on these sequences
· Gaslamp360_8192x4096_30fps_300frames_8bits.yuv        
· Full 360-degree ERP raw video sequence, resolution 8192x4096, frame rate 30fps, 4:2:0 format, bit depth 8, duration 300 frames, SDR, color space BT.709, no audio

· Harbor360_8192x4096_30fps_300frames_8bits.yuv

· Full 360-degree ERP raw video sequence, resolution 8192x4096, frame rate 30fps, 4:2:0 format, bit depth 8, duration 300 frames, SDR, color space BT.709, no audio

· Kiteflite360_8192x4096_30fps_300frames_8bits.yuv

· Full 360-degree ERP raw video sequence, resolution 8192x4096, frame rate 30fps, 4:2:0 format, bit depth 8, duration 300 frames, SDR, color space BT.709, no audio

· Trolley360_8192x4096_30fps_300frames_8bits.yuv

· Full 360-degree ERP raw video sequence, resolution 8192x4096, frame rate 30fps, 4:2:0 format, bit depth 8, duration 300 frames, SDR, color space BT.709, no audio

· Balboa360_6144x3072_60fps_600frames_8bits.yuv           

· Full 360-degree ERP raw video sequence, resolution 6144x3072, frame rate 60fps, 4:2:0 format, bit depth 8, duration 600 frames, SDR, color space BT.709, no audio

· Broadway360_6144x3072_60fps_600frames_8bits.yuv 

· Full 360-degree ERP raw video sequence, resolution 6144x3072, frame rate 60fps, 4:2:0 format, bit depth 8, duration 600 frames, SDR, color space BT.709, no audio

· Community_7680x3840_29.97fps_150mbps_5mins.mp4

· Full 360-degree ERP HEVC video bitstream (150mbps), resolution 7680x3840, frame rate 30fps, 4:2:0 format, bit depth 8, duration 5 mins, SDR, color space BT.709, no audio

· Intersection_7680x3840_30fps_150mbps.mp4

· Full 360-degree ERP HEVC video bitstream (150mbps), resolution 7680x3840, frame rate 30fps, 4:2:0 format, bit depth 8, duration 5 mins, SDR, color space BT.709, no audio

· All sequences are available at https://www.interdigital.com/video-resources/, and can be further downsampled to 4K resolution or other projection format using JVET 360Lib software.
Orange provides a 360 sequence of TV news where the viewer is placed in a production studio at the seat of the TV News presenter right before going live. Audio is in French.
· Vidéo: 8k 50p equirectangular 8 bits around 2mn 10sec. Available in monoscopy and stereoscopy

Audio: HOA 3rd order plus one stereo track for head lock

Proposal:
· Review the sequences until the next meeting for suitability in the context of this considered study.
· 

	Content Generation Guidelines
	Status check

· A few statements in TS 26.118

Proposal:

· Document content generation guidelines that can be used for the development of test material

	Test Case Definition for running subjective tests
· Needs to be a well-defined subset only
· Should be based on the same content, so 8k is needed.
· This is for characterization, not for selection. Hence, comparable and accessible tools should be used such as reference software of MPEG, etc.
	Status Check:

· Nothing available until now

Proposal:

· Same content prepared for each media profile with the following parameters:

· Simple profile, viewport-independent

· Main profile, viewport-independent

· Main profile, viewport-dependent

· Different viewport-switching latencies

· Advanced profile, viewport-dependent

· One or two different configurations
· Different bitrates, but no dynamic bitrates.

· Mono, stereo

· All cases must be supported by
· Content generation guidelines

· conformance bitstreams

	Test Material Preparation

· Encoding and decoding at different bitrates

· Inclusion of relevant metadata
· Exact definition of encoding parameters, preferably with a reference software
	Status:
· Nokia provide may the OMAF Creator SW. More information will be provided at the SA4#103 meeting.
Proposal:

· Analyze the above SW

· Check further work in MPEG VVC and HEVC

· 
· Document exactly how the material was prepared for tests.

	Subjective Test Run Definition:

· Clear definition of subjective tests

· Emulate the testing by providing the decoded sequences on high-power PC
	Status Check:

· We have tests on TR26.118, clause 7.2
· Nokia may provide the OMAF Player SW. More information will be provided at the SA4#103 meeting.
Proposal:

· This is expected to be down-prioritized. Focus on interop

· Should be based on already executed tests
· 
· 

	Test Run Execution:

· Preferably done in a fair manner

· No selection, so less critical

· Preferably done by multiple parties
	Proposal:

· This is expected to be down-prioritized. Focus on interop
· Ask 3GPP members on who would be willing to contribute

	Objective Measures

· Define reasonably good objective measures

· Don’t claim that they match subjective quality, but permit some amount of comparison


	Proposal:

· Investigate what MPEG has done for HEVC and VVC

· Document the measures

· Apply these measures to the subjective tests to identify quality.

· Do a second set of tests for flatscreen rendering that applies objective PSNR measures.

	Test Case Definition for conformance bitstreams

· should be much richer and cover different aspects
· including DASH Preparation

· coverage restrictions, etc.
	Proposal:
· include conformance bitstreams for all tests done above

· make this lower priority as it not essential, but permit the documentation

	Hosting of Material
· Expect huge amount of data

· Some information needs to only be maintained temporarily

· Conformance streams should be available permanently
	Proposal:
· Learn from MPEG and DASH-IF and apply the appropriate procedures
· Ask DASH-IF to host test material


5.3
Necessary Steps for Audio

Tbd
5.4
Necessary Steps for VR Presentations

Proposal:

· Only create conformance streams

Requires audio and video synced material.
6 Proposal

Based on this document, it is proposed to:

· Identify the interest of 3GPP members to conduct such work
· Focus on interoperability first and defer characterization
· Analyze the content and software added at this meeting for the suitability in the context of TS26.118 
· Collect additional information, e.g. https://docs.google.com/document/d/1VonCiJjMBylPOssG-6POyApk_D_WrFM-88do_PVesSY/edit?usp=sharing
· Revisit the status at SA4#103
[image: image1.png]


[image: image2.png]



- 12/13 -

