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1 Summary
During SA4#94 the New Work Item “3GPP Virtual Reality Profiles for Streaming Media (VRStream)” in S4-170751 was agreed and afterwards approved in by SA plenary #77 in SP-170612.

The objective of this work item is to define the relevant media and protocol enablers for the set of VR Streaming use cases related to UE consumption of managed and third party VR content as documented in TR26.918. Specifically, the following topics are addressed:
1. Define the necessary presentation and media profile(s) to address the objectives of the use cases on VR Streaming in TR 26.918, clauses 5.3 and 5.4, taking into account the recommended assumptions and conclusions in TR 26.918.
2. Define the enablers for PSS-based download and streaming of a 3GPP VR Presentation
3. Define the enablers for MBMS streaming and MBMS-based download delivery of a 3GPP VR Presentation
4. Provide suitable optional extensions (such as metadata) to support an improved VR experience,
5. Document content generation and content consumption guidelines, taking into account a reference client architecture that provides: (a) the signalling and processing steps for download delivery, (b) PSS delivery, (c) interfaces between the VR service platform, the VR application (e.g. sensors), and the VR rendering system (displays, GPU, loudspeakers).
This document provides more updates on interop and media profiles discussing the issue on operation points.
2 Operation Points in TS 26.116
In TS 26.116, operation points for TV Video Profiles were introduced. We believe that understand this approach and applying a similar approach to TS26.118 is quite interesting as TS26.116 is considered pragmatic, useful and to the point. This clause summarizes the operation point concept in TS26.116.
· From Scope: 
· Operation Points define format and encoding restrictions, but may also be viewed as compatibility points for UEs.
· Operation Points defined in the present document may serve as the primary tested configurations for TV centric video distribution. 
· The Operation Points are defined based on the analysis and findings in the technical report TR 26.949 [2].
· Definitions:
· Operation Point: A collection of discrete combinations of different content formats including spatial and temporal resolutions, colour mapping, transfer functions, etc. and the encoding format.
· Receiver: A receiver that can decode and render any bitstream that is conforming to a certain Operation Point.

· Bitstream: A media bitstream that conforms to a video encoding format and certain Operation Point.
The operation points defined in TS26.116:
	Operation Point name
	Resolution format
	Picture aspect ratio
	Scan
	Max. frame rate
	Chroma format
	Chroma sub-sampling 
	Bit depth
	Colour space format
	Transfer

Characteristics

	H.264/AVC 720p HD


	1280 × 720
	16:9
	Progressive
	30
	Y'CbCr
	4:2:0
	8
	BT.709 [3]
	BT.709 [3]

	H.265/HEVC 720p HD


	1280 × 720
	16:9
	Progressive
	30
	Y'CbCr
	4:2:0
	8
	BT.709 [3]
	BT.709 [3]

	H.264/AVC Full HD


	1920 × 1080
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	8 
	BT.709 [3] ; BT.2020 [4]
	BT.709 [3]

;

BT.2020 [4]

	H.265/HEVC Full HD


	1920 × 1080
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	8 ; 10
	BT.709 [3] ; BT.2020 [4]
	BT.709 [3]

;

BT.2020 [4]

	H.265/HEVC UHD
	3840 × 2160
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020 [4]
	BT.2020 [4]

	H.265/HEVC Full HD HDR
	1920 x 1080
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020 [4]
	BT.2100 [11] PQ

	H.265/HEVC UHD HDR
	3840 x 2160
	16:9
	Progressive
	60
	Y'CbCr
	4:2:0
	10
	BT.2020 [4]
	BT.2100 [11] PQ


The following requirements apply to video profile Operation Points:

-
16:9 picture aspect ratio shall be used. 3GPP UEs with display aspect ratio different from 16:9 and supporting the TV services over 3GPP are, by default, assumed to display the video in letter-box or pillarbox modes, depending on the screen size and orientation.

-
Y'CbCr (non-constant luminance) as the Chroma Format should be used.

-
4:2:0 chroma sub-sampling shall be used.

-
The following spatial resolutions should be used for: 

-
Operation Points (for video intended to be viewed in full-screen mode): 3840 × 2160, 1920 × 1080 and 1280 × 720.
-
Distribution formats: 3840 × 2160, 3200 × 1800, 2560 × 1440, 1920 × 1080, 1600 × 900, 1280 × 720, 960 × 540, 854 × 480, 640 × 360, 426 × 240.

NOTE 1:
Distribution formats within an Operation Point do not exceed the native resolution of the Operation Point, but they may be subsampled in order to optimize distribution or adapt to the viewing conditions.

-
The following frame rates should be used depending on the Operation Point: 24; 25; 30; 50 and 60Hz. The following fractional frame rates may be used: 24/1.001, 30/1.001, 60/1.001 (Hz). Frame rates are not associated to any particular spatial resolution.
-
The following colour space formats may be used depending on the Operation Point: ITU-R BT.709 [3] and ITU-R BT.2020 [4]. If no signal is provided for the colour space, BT.709 [3] should be assumed as default colour space. Receiving devices should support BT.2020 [4] signaling and provide an appropriate mapping of the signal to the supported colour space of the device. Colour spaces are not associated to any particular spatial resolution.
The following transfer characteristics may be used depending on the Operation Point: BT.709 [3] and BT.2020 [4] non-constant luminance transfer characteristics or the electro-optical transfer function as defined in Recommendation ITU‑R BT.2100 [11] for the Perceptual Quantization (PQ) system.
NOTE 2:
Although ITU-R BT.2020 is originally only recommended for 2160p/4320p resolution, this 3GPP specification recommends that BT.2020 be supported irrespective of the resolution to keep the colour space consistent across resolutions.

-
The Random Access Point period shall be less than or equal to 5 seconds, should be less than or equal to 2 seconds and may be less than or equal to 0.5 second for H.264/AVC [5] and 1 second for H.265/HEVC [6] for specific service requirements such as fast channel change or fast access to the bitstream.

- 
Bit depth: 
Either 8 or 10 bits shall be used depending on the Operation Point.
Operation Points are defined as a mixture of source formats and distribution formats with very clear market/commercial requirements. 

Operation Points contain for TV video profiles contain fixed parameters as well as parameter variations as can be observed.
Operation Points are defined from a media codec level. File format and DASH Integration are derivations from the baseline definition.

3 What can we learn for TS 26.118?

It would be good to apply similar processes for TS 26.118.

But we need to break it down – what are operation point buckets?

We need to define the elementary stream requirements

Restricting is better than keeping it in the wild

4 Operation Point Considerations

4.2 Introduction

We have learned from the VR-IF/3GPP workshop on service provider approaches.

LittlStar
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Comcast:
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MilkVR: https://samsungvr.com/portal/content/content_specs
4.3 Video Track
In order to create a quality experience, there are several requirements for distributing your video on Samsung VR.

For monoscopic videos a minimum resolution width of 3840 is recommended. The aspect ratio can be either 2:1 or 16:9. Videos with a resolution width as low as 1920 can be uploaded, but only videos with a minimum width of 3840 can be viewed with a Gear VR. The lower resolution videos can still be viewed using Samsung VR mobile or via the Samsung VR website.

For stereoscopic videos a minimum resolution width of 3840 is required. The aspect ratio can be either 1:1 or 16:9. Between the two stereoscopic video types, Top/Bottom Stereoscopic is recommended.

The frame rate should be in the range of 23.976 to 60.00 frames per second. Drop frame is supported.

The recommended minimum bit rate is 40,000Kbps (40Mbit). For videos with a lot of motion, you can upload a higher bit rate, provided that you do not exceed the 25 GB file size limit.

The supported codecs are h.264, h.265, and ProRes.

Due to the nature of spherical video, higher resolution should be favored over other factors. Reducing the resolution will not help bit rates or the perceived quality of your video.

Use the native FPS of your source camera, but ensure that it is exported progressive, as the spherical wrapping will introduce unwanted artifacts.

Our transcoder will convert your video to a use a codec and frame rate that best supports all the devices that are compatible with Samsung VR.

to 4 audio tracks with 2 channels each to support the Android platform.
4.4 Video

What are parameters that may be fixed and differentiated based on the above considerations

· Codecs: H.264/AVC and H.265/HEVC

· Source: monoscopic and stereoscopic

· Input resolutions: 2k, 4k, 6k and 8k
· Aspect ratio: 2:1 and 16:9

· Frame rates: up to 60 fps

· Bit depth: 8 bit and 10 bit

· Projection format
The key issue for now should be the video decoder and the permissible SEI messages.

Based on the above discussions, the four basic Operation Points are considered:

1) H.264/AVC mono, single stream, High Profile, level 5.2, 8 bit, SDR (with some restrictions) with VR Rendering for ERP and RWP

2) H.264/AVC stereo, single stream, High Profile, level 5.2, 8 bit, SDR (with some restrictions) with VR Rendering for ERP and RWP

3) H.265/HEVC mono/stereo, Main-10 Profile, single stream, Main Tier, level 5.1, SDR/WCG/HDR (with some restrictions) with VR Rendering for ERP and RWP (permit BT.709 and BT.2100/PQ)

4) H.265/HEVC mono/stereo, multiple streams, Main-10 Profile, Main Tier, level 5.1, SDR/WCG/HDR (with some restrictions) with VR Rendering for ERP, CMP, and RWP (permit BT.709 and BT.2100/PQ)
The basis for the definitions should follow the TS26.116, namely using the elementary stream approach and signaling.

Define distribution formats:

· Spatial Resolution (Content and Distribution)

· Frame Rates aligned with TS26.116

· Stereo Packing should be a minimum

· Transfer Characteristics, Color Transforms and so on
4.5 Audio
tbd
5 Structure

4.2
General requirements on video profile Operation Points

The following requirements apply to video profile Operation Points:

-
2:1 or 16:9 picture aspect ratio shall be used for monoscopic signals. 
-
2:1, 1:1 or 16:9 picture aspect ratio shall be used for stereoscopic signals. 

-
Y'CbCr (non-constant luminance) as the Chroma Format shall be used.

-
4:2:0 chroma sub-sampling shall be used.

-
One of the following spatial resolutions should be used for: 

-
Operation Points: 
-
for 16:9: 3840 × 2160 or 1920 × 1080
- 
for 2:1: 8192 x 4320, 6144 x 3240, 4320 × 2160 or 2160 × 1080   
-
Distribution formats are more complex, as one can use the following tools for distribution:
- spatial sub-sampling

- different projecting maps

- region-wise packing

- stereo-frame packing 

NOTE 1: Distribution formats within an Operation Point do not exceed the native resolution of the Operation Point, but they may be subsampled in order to optimize distribution or adapt to the viewing conditions.

-
The following frame rates should be used depending on the Operation Point: 24; 25; 30; 50 and 60Hz. 
-
The following colour space formats may be used depending on the Operation Point: ITU-R BT.709 [3] and ITU-R BT.2020 [4]. If no signal is provided for the colour space, BT.709 [3] should be assumed as default colour space. Receiving devices should support BT.2020 [4] signaling and provide an appropriate mapping of the signal to the supported colour space of the device. Colour spaces are not associated to any particular spatial resolution.
-
The following transfer characteristics may be used depending on the Operation Point: BT.709 [3] and BT.2020 [4] non-constant luminance transfer characteristics or the electro-optical transfer function as defined in Recommendation ITU‑R BT.2100 [11] for the Perceptual Quantization (PQ) system.
-
The Random Access Point period shall be less than or equal to 5 seconds, should be less than or equal to 2 seconds and may be less than or equal to 0.5 second for H.264/AVC [5] and 1 second for H.265/HEVC [6] for specific service requirements such as fast channel change or fast access to the bitstream.

- 
Bit depth: 
Either 8 or 10 bits shall be used depending on the Operation Point.

Table 4.1 provides an overview of the Operation Points defined in the present document.
Table 4.1: VR over 3GPP services Video Profile Operation Points

	Operation Point name
	Resolution format
	Picture aspect ratio
	Projection
	Max. frame rate
	Chroma format
	Chroma sub-sampling
	Bit depth
	Colour space format
	Transfer

Characteristics

	H.264/AVC baseline mono

	4k ER
	2:1, 16:9
	ERP`, RWP
	60
	Y'CbCr
	4:2:0
	8
	BT.709 [3]
	BT.709 [3]

	H.264/AVC baseline stereo

	See above
	1:1, 16:9
	ERP`, RWP
	60
	Y'CbCr
	4:2:0
	8
	BT.709 [3]
	BT.709 [3]

	H.265/HEVC baseline

	See above
	2:1, 16:9
	ERP`, RWP
	60
	Y'CbCr
	4:2:0
	8, 10
	BT.709 [3]
BT.2020 [4]
	BT.709 [3], BT.2100 [11] PQ

	H.265/HEVC

main 


	See above
	1:1, 16:9
	ERP, CMP, RWP
	60
	Y'CbCr
	4:2:0
	8, 10
	BT.709 [3]
BT.2020 [4]
	BT.709 [3], BT.2100 [11] PQ


Operation Points are defined including the video codec format.

4.3
General Video codec requirements

The following video codecs and associated Profiles and Levels should be used:

-
H.264/AVC Progressive High Profile Level 5.2 [5] for H.264/AVC with the following additional restrictions

· the maximum VCL Bit Rate is constrained to be 120Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1250 and 1500, respectively.
· No support for Flexible macro-block order (FMO), Arbitrary slice ordering (ASO), Redundant slices (RS) and Data partition

· A maximum of 10 slices per picture
-
H.265/HEVC Main-10 Profile Main Tier Profile Level 5.1 for HEVC
The Table 4.2 presents the mapping of the operation points with the codec type, profile and level. 
Table 4.2: Video codec parameters

	Operation Point name
	Codec type, profile and level

	H.264/AVC baseline mono

	AVC/H.264 Progressive High Profile Level 5.2 with restrictions

	H.264/AVC baseline stereo

	AVC/H.264 Progressive High Profile Level 5.2 with restrictions

	H.265/HEVC baseline

	HEVC/H.265 Main-10 Profile Main Tier Level 5.1

	H.265/HEVC main

	HEVC/H.265 Main-10 Profile Main Tier Level 5.1


5.2 4.4
H.264/AVC Operation Points

5.2.1 4.4.1
Common requirements and recommendations

5.2.1.1 4.4.1.1
General

The video Bitstream and Receiver shall conform to Recommendation ITU-T H.264 / ISO/IEC 14496-10 [5] with the restrictions described in this clause. H.264/AVC Bitstreams and Receivers shall support some parts of the "Video Usability Information (VUI)" syntax elements as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [5], annex E, which values are defined in this clause. 

5.2.1.2 4.4.1.2
Random access point

5.2.1.2.1 4.4.1.2.1
Definition

An H.264/AVC random access point (RAP) is defined as an access unit in an H.264/AVC Bitstream at which a Receiver can begin decoding the video successfully. This access unit shall include an AU delimiter NAL unit, only one Sequence Parameter Set (that is active) including the VUI and the Picture Parameter Set (PPS) that is required for decoding the associated picture. The access unit shall contain an IDR picture or an I picture. 

5.2.1.2.2 4.4.1.2.2
Random access point period

RAPs shall be present in the Bitstream at least once every 5 seconds. It is recommended that RAPs occur in the video Bitstream on average at least every 2 seconds. The time interval between successive RAPs is measured as the difference between their respective decoding time values.

5.2.1.3 4.4.1.3
Sequence parameter set

The following restrictions apply to the active Sequence Parameter Set (SPS):

-
gaps_in_frame_num_value_allowed_flag value shall be set to 0.

-
The Video Usability Information shall be present in the active Sequence Parameter Set. The vui_parameter_present_flag shall be set to 1.

-
The source video format shall be progressive. frame_mbs_only_flag shall be set to 1 for every picture of the Bitstream.

5.2.1.4 4.4.1.4
Video usability information

The aspect ratio information shall be present, i.e.

-
The aspect_ratio_present_flag value shall be set to 1. 
-
The aspect_ratio_idc value shall be set to 1 indicating a square pixel format.

The colour parameter information shall be present, i.e. 

-
video_signal_type_present_flag value and colour_description_present_flag value shall be set to 1. 

-
The values of colour_primaries, transfer_characteristics and matrix_coefficients are defined in clause 4.4.2.4 for H.264/AVC 720p HD and in clause 4.4.3.4 for H.264/AVC Full HD Operation Points.

The timing information may be present.

-
If the timing information is present, i.e. the value of timing_info_present_flag is set to 1, then the values of num_units_in_tick and time_scale shall be set according to the frame rates allowed in clause 4.4.2.5 for H.264/AVC 720p HD and in clause 4.4.3.5 for H.264/AVC Full HD Operation Points. The timing information present in the video Bitstream should be consistent with the timing information signalled at the system level.

NOTE:
In 3GPP PSS and MBMS User services, the Receiver observes the timing at the system level, and ignores the timing information in the video Bitstream. 

-
The frame rate shall not change between two RAPs. fixed_frame_rate_flag value shall be set to 1.

There are no requirements on output timing conformance for H.264/AVC decoding (Annex C of [5]). The Hypothetical Reference Decoder (HRD) parameters, if present, should be ignored by the Receiver. 

5.2.2 4.4.2
H.264/AVC baseline mono Operation Point

5.2.2.1 4.4.2.1
Introduction

The following restrictions apply for the H.264/AVC baseline mono Operation Point. The general requirements and recommendations for Bitstreams and Receivers for H.264/AVC Operation Points in clause 4.4.1 shall apply.

5.2.2.2 4.4.2.2
Profile and level

A Bitstream conforming to the H.264/AVC baseline mono Operation Point shall comply with the following restrictions:

-
The profile_idc shall be set to 100 indicating the High profile.

-
The constrain_set0_flag, constrain_set1_flag, constrain_set2_flag and constrain_set3_flag shall all be set to 0. 

-
The value of level_idc shall not be greater than 52 (corresponding to the level 5.2) and should indicate the lowest level to which the Bitstream conforms.
-
The maximum VCL bitrate shall not exceed 120 Mbps

-
At most 10 slices per frame shall be used

5.2.2.3 4.4.2.3
Spatial resolutions

The spatial resolution of the distribution format shall be one of the following: 

5.2.2.4 4.4.2.4
Colour information

A Bitstream conforming to the H.264/AVC baseline mono Operation Point shall use Recommendation ITU-R BT.709 [3] colorimetry. 

The colour_primaries value, the transfer_characteristics value and the matrix_coefficients value in the Video Usability Information shall all be set to 1.

A Receiver conforming to the H.264/AVC baseline mono Operation Point shall be capable of decoding Bitstreams that use Recommendation ITU-R BT.709 [3] colorimetry.
5.2.2.5 4.4.2.5
Frame rates

A Bitstream conforming to the H.264/AVC baseline mono Operation Point shall have one of the following frame rates: 24; 25; 30; 24/1.001; 30/1.001; 50; 60; 60/1.001  Hz.

The frame rate may be indicated in the VUI by setting time_scale and num_units_in_tick.
5.2.2.6 4.4.2.6
Projection and RWP SEI

The following SEI messages may be included (see attachment)
1) The equirectangular projection SEI message (payloadType equal to 150),

2) The sphere rotation SEI message (payloadType equal to 154),
3) The region-wise packing SEI message (payloadType equal to 155)
More details are to be defined.
5.2.2.7 4.4.2.7
Receiver compatibility

Receivers conforming to the H.264/AVC baseline mono Operation Point Operation Point shall support decoding and displaying H.264/AVC baseline mono Bitstreams.

Receivers conforming to the H.264/AVC baseline mono Operation Point are only required to support Bitstreams with the maximum VCL Bit Rate constrained to be 120 Mbps with cpbBrVclFactor and cpbBrNalFactor being fixed to be 1000 and 1200, respectively.
6 Proposal

It is proposed to:

· Adopt the operation point concept for the media profiles in VR Stream

· Take the four operation points for video as a starting point.

· Take into account the H.264/AVC SEI messages submitted for MPEG
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