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=====  AUTONUM   CHANGE =====
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

AVC
Advanced Video Coding
CVS
Coded Video Sequence
DASH
Dynamic Adaptive Streaming over HTTP
EOTF
Electro-Optical Transfer Function
FFS
For Further Study

HD
High Definition

HDR
High Dynamic Range

HLG
Hybrid Log Gamma

HRD
Hypothetical Reference Decoder

HEVC
High Efficiency Video Coding

MBMS
Multicast Broadcast Multimedia Service

MPD
Media Presentation Description

NAL
Network Abstraction Layer

PPS
Picture Parameter Set
PQ
Perceptual Quantization
PSS
Packet Switch Streaming

RAP
Random Access Point

SDR
Standard Dynamic Range

SEI
Supplemental Enhancement Information

SPS
Sequence Parameter Set

TV
Television

UHD
Ultra High Definition

VCL
Video Coding Layer

VUI
Video Usability Information

=====  AUTONUM   CHANGE =====
4.2
General requirements on video profile Operation Points

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: ITU-R BT.709 [3] and ITU-R BT.2020 [4] non-constant luminance transfer characteristics or the electro-optical transfer function as defined in Recommendation ITU‑R BT.2100 [11], either for the Perceptual Quantization (PQ) system, or for the Hybrid Log Gamma (HLG) 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.

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

	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.709 [3]




	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 or HLG

	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 or HLG


Operation Points are defined including the video codec format.
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4.5.5.5
Colour information and HDR transfer characteristics
4.5.5.5.1
PQ HDR
A Bitstream conforming to the H.265/HEVC Full HD HDR Operation Point that uses PQ HDR shall comply with the following restrictions in the VUI:

-
colour_primaries shall be set to the value 9,
-
transfer_characteristics shall be set to the value 16,
-
matrix_coeffs shall be set to the value 9.

This signalling implies that BT.2020 [4] colorimetry in non-constant luminance and Perceptual Quantization (PQ) electro-optical transfer function (EOTF) as defined in Recommendation ITU-R BT.2100 [11] are in use. 
4.5.5.5.2
HLG HDR

A Bitstream conforming to the H.265/HEVC Full HD HDR Operation Point that uses HLG HDR shall comply with the following restrictions in the VUI:

-
colour_primaries shall be set to the value 9,
-
transfer_characteristics shall be set to either the value 18, or to the value 14. In the latter case, the Bitstream shall also contain the alternative_transfer_characteristics SEI message. The alternative_transfer_characteristics SEI message shall be inserted at each RAP, and its parameter preferred_transfer_characteristics shall be set to the value 18.
-
matrix_coeffs shall be set to the value 9.

This signalling implies that BT.2020 [4] colorimetry in non-constant luminance and Hybrid Log Gamma (HLG) electro-optical transfer function (EOTF) as defined in Recommendation ITU-R BT.2100 [11] are in use. 
=====  AUTONUM   CHANGE =====
4.5.5.7
SEI messages for PQ HDR metadata signalling

4.5.5.7.1
Introduction

In order to help the display device to adapt the rendering of PQ HDR content, the Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6] defines SEI messages for this purpose. These PQ HDR SEI messages provide indication on the mastering environment and the brightness limitation characteristics of PQ HDR content.

NOTE:
As per the Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6], SEI messages are optional and may be ignored by the decoder.

The following clauses describe the restrictions on Mastering display colour volume and Content light level SEI messages, if present in a bitstream conforming to H.265/HEVC Full HD HDR Operation point when PQ HDR is used.

4.5.5.7.2
Mastering display colour volume
A Bitstream conforming to the H.265/HEVC Full HD HDR Operation point using PQ HDR may indicate the colour volume of the display used when mastering the video content. This mastering display colour volume is described by its colour primaries, white point and luminance range and is signalled in a Mastering display colour volume SEI message as specified in Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6] clause D.3.28.

If the Mastering display colour volume SEI message is present, display_primaries_x[c], display_primaries_y[c], white_point_x, white_point_y, max_display_mastering_luminance, and min_display_mastering_luminance should be set to a value that is not 0. If a value is set to 0, it means that the value of this field is unknown. 
NOTE 1:
The lowest value for a known min_display_mastering_luminance that can be signalled is 1 (which is equivalent to 0.0001 candelas per square metre).

NOTE 2:
In accordance to the HEVC specification, if max_display_mastering_luminance is set to 0, then min_display_mastering_luminance is set to 0 as well.
According to ITU-T H.265 / ISO/IEC 23008‑2 [6] clause D.3.28, when a Mastering display colour volume SEI message is present for any picture of a coded video sequence (CVS), a Mastering display colour volume SEI message is present for the first picture of the CVS. The Mastering display colour volume SEI message persists from the current picture until the end of the CVS. All Mastering display colour volume SEI messages that apply to the same CVS have the same content.
4.5.5.7.3
Content light level information

A Bitstream conforming to the H.265/HEVC Full HD HDR Operation point using PQ HDR may indicate the upper bound on the maximum light level among all individual pictures and the upper bound on the maximum average light level for any individual picture of a video content that are signalled in a Content light level SEI message as specified in Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6] clause D.3.35.
If the Content light level SEI message is present, max_content_light_level and max_pic_average_light_level should be set to values that are not 0. If a value is set to 0 it means that the value of this field is unknown.
When a Content light level information SEI message is present for any picture of a CVS, a content light level information SEI message shall be present for the first picture of the CVS. The content light level information SEI message message persists from the current picture until the end of the CVS. All content light level information SEI messages that apply to the same CVS shall have the same content.
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4.5.6.5
Colour information and HDR transfer characteristics
4.5.6.5.1
PQ HDR

A Bitstream conforming to the H.265/HEVC UHD HDR Operation Point that uses PQ HDR shall comply with the following restrictions in the VUI:

-
colour_primaries shall be set to the value 9,
-
transfer_characteristics shall be set to the value 16,
-
matrix_coeffs shall be set to the value 9.

This signalling implies that Recommendation BT.2020 [4] colorimetry in non-constant luminance and Perceptual Quantization (PQ) electro-optical transfer function (EOTF) as defined in Recommendation ITU-R BT.2100 [11] are in use. 
4.5.6.5.2
HLG HDR

A Bitstream conforming to the H.265/HEVC UHD HDR Operation Point that uses HLG HDR shall comply with the following restrictions in the VUI:

-
colour_primaries shall be set to the value 9,
-
transfer_characteristics shall be set to either the value 18, or to the value 14. In the latter case, the Bitstream shall also contain the alternative_transfer_characteristics SEI message. The alternative_transfer_characteristics SEI message shall be inserted at each RAP, and its parameter preferred_transfer_characteristics shall be set to the value 18.
-
matrix_coeffs shall be set to the value 9.

This signalling implies that Recommendation BT.2020 [4] colorimetry in non-constant luminance and Hybrid Log Gamma (HLG) electro-optical transfer function (EOTF) as defined in Recommendation ITU-R BT.2100 [11] are in use. 
=====  AUTONUM   CHANGE =====
4.5.6.7
SEI messages for PQ HDR metadata signalling

4.5.6.7.1
Introduction

In order to help the display device to adapt the rendering of PQ HDR content, the Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6] defines SEI messages for this purpose. These PQ HDR SEI messages provide indication on the mastering environment and the brightness limitation characteristics of PQ HDR content.

NOTE:
As per the Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6], SEI messages are optional and may be ignored by the decoder.

The following clauses describe the restrictions on Mastering display colour volume and Content light level SEI messages, if present in a bitstream conforming to H.265/HEVC Full HD HDR Operation point.
4.5.6.7.2
Mastering display colour volume
A Bitstream conforming to the H.265/HEVC UHD HDR Operation point that uses PQ HDR may indicate the colour volume of the display used when mastering the video content. This mastering display colour volume is described by its colour primaries, white point and luminance range and is signalled in a Mastering display colour volume SEI message as specified in Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6] clause D.3.28.

If the Mastering display colour volume SEI message is present, display_primaries_x[c], display_primaries_y[c], white_point_x, white_point_y, max_display_mastering_luminance, and min_display_mastering_luminance should be set to a value that is not 0. If a value is set to 0, it means that the value of this field is unknown. 
NOTE 1:
The lowest value for a known min_display_mastering_luminance that can be signalled is 1 (which is equivalent to 0.0001 candelas per square metre).

NOTE 2:
In accordance to the HEVC specification, if max_display_mastering_luminance is set to 0, then min_display_mastering_luminance is set to 0 as well.
According to ITU-T H.265 / ISO/IEC 23008‑2 [6] clause D.3.28, when a Mastering display colour volume SEI message is present for any picture of a coded video sequence (CVS), a Mastering display colour volume SEI message is present for the first picture of the CVS. The Mastering display colour volume SEI message persists from the current picture until the end of the CVS. All Mastering display colour volume SEI messages that apply to the same CVS have the same content.
4.5.6.7.3
Content light level information

A Bitstream conforming to the H.265/HEVC UHD HDR Operation point that uses PQ HDR may indicate the upper bound on the maximum light level among all individual pictures and the upper bound on the maximum average light level for any individual picture of a video content that are signalled in a Content light level SEI message as specified in Recommendation ITU-T H.265 / ISO/IEC 23008‑2 [6] clause D.3.35.
If the Content light level SEI message is present, max_content_light_level and max_pic_average_light_level should be set to values that are not 0. 
If a value is set to 0 it means that the value of this field is unknown.
When a content light level information SEI message is present for any picture of a CVS, a content light level information SEI message shall be present for the first picture of the CVS. The content light level information SEI message message persists from the current picture until the end of the CVS. All content light level information SEI messages that apply to the same CVS shall have the same content.
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5.7.4
Adaptation Set Constraint

The requirements as defined in clause 5.1.3 shall apply. In addition, the following shall apply:

-
@maxWidth and @maxHeight shall be set to one of the following pairs: (1920, 1080), (1280, 720).
-
The @codecs parameter shall be set to one of the values defined in Table 5.1, depending on the operating mode as defined in clause 4.5.5.9, except that the level indication may indicate a lower level to which all the applicable Bitstreams conform.

Table 5.1: Codecs parameters for different HD HDR Operating modes
	Operation Modes name
	Codecs Parameter for hvc1
	Codecs Parameter for hev1

	HEVC/H.265 HDR 720p HD30 
	hvc1.2.4.L83.B0
	hev1.2.4.L83.B0

	HEVC/H.265 HDR 720p HD60 
	hvc1.2.4.L93.B0
	hev1.2.4.L93.B0

	HEVC/H.265 HDR Full HD30 
	hvc1.2.4.L113.B0
	hev1.2.4.L113.B0

	HEVC/H.265 HDR Full HD60 
	hvc1.2.4.L123.B0
	hev1.2.4.L123.B0


-
@width and @height for Representations shall be set to one of the following pairs: (1920, 1080), (1600, 900), (1280, 720), (960, 540), (854, 480), (640, 360), or (426, 240). @width and @height shall not be greater than @MaxWidth and @MaxHeight respectively.

-
@frameRate shall be set to one of the following values: "24", "25", "30", "50", "60", "24000/1001", "30000/1001" or "60000/1001".
-
The Colour Primaries, Transfer Characteristics and Matrix Coefficients shall be signalled to indicate ITU-R BT.2020 and BT.2100 PQ as defined in clause 5.1.3. In particular, the Essential Descriptors shall be present to signal BT.2020 and BT.2100 PQ as follows:
-
an Essential Descriptor shall be used to signal the value by setting the @schemeIdUri attribute to urn:mpeg:mpegB:cicp:MatrixCoefficients as defined ISO/IEC 23001-8 [10] and the @value attribute according to Table 4 of ISO/IEC 23001-8 [10]. The values shall match the values set in the VUI, i.e. the value is set to 9. 

-
Essential Descriptors shall be used to signal the value by setting the @schemeIdUri attribute to urn:mpeg:mpegB:cicp:ColourPrimaries and urn:mpeg:mpegB:cicp:TransferCharacteristics, respectively, as defined ISO/IEC 23001-8 [10] and the @value attribute according to the “Colour primaries” Table and the “Transfer characteristics” Table of ISO/IEC 23001-8 [10], respectively. The values shall match the values set in the VUI, i.e.

-
urn:mpeg:mpegB:cicp:ColourPrimaries with value set to 9.
-
urn:mpeg:mpegB:cicp:TransferCharacteristics with value set to 16 for PQ HDR, or set to either 18 or 14 for HLG HDR. If 14 is signalled for HLG_HDR, a Supplementary Descriptor with the same attributes shall be used to signal the value 18, and the @profiles parameter shall not include "urn:3GPP:video:op:h265-Full-HD", but should include "urn:3GPP:video:op:h265-Full-HD-HDR".
NOTE: In the context of 3GPP TV video profiles, it is not foreseen that HLG content is delivered to non-HDR capable devices.
-
The Essential Descriptors, and if applicable the Supplementary Descriptor, shall be on Adaptation Set level only, i.e all Representations in one Adaptation Set are required to have the same Matrix Coefficients, Color Primaries and Transfer Function.
-
If any Representation contains a mastering display colour volume SEI message or a content light level information SEI message, the same SEI message shall be present in all Representations in the Adaptation Set. 

-
For hvc1 this implies that the SEI messages shall be provided in the decoder configuration record of every Representation. 

-
For hev1, if any of such SEI message is carried inband within a segment/subsegment of any Representation of the Adaptation Set, it shall be carried with the first picture of that segment/subsegment in decode order in all Representations of this Adaptation Set.

=====  AUTONUM   CHANGE =====
5.8.4
Adaptation Set Constraint

The requirements as defined in clause 5.1.3 shall apply. In addition, the following shall apply:

-
@maxWidth shall be set to 3840 and @maxHeight shall be set to 2160.
-
The @codecs parameter shall be set to one of the values defined in Table 5.2, depending on the operating mode as defined in clause 4.5.6.9,
Table 5.2: Codecs parameters for different UHD HDR Operating modes
	Operation Modes name
	Codecs Parameter for hvc1
	Codecs Parameter for hev1

	HEVC/H.265 HDR Full UHD30 
	hvc1.2.4.L143.B0
	hev1.2.4.L143.B0

	HEVC/H.265 HDR Full UHD60 
	hvc1.2.4.L153.B0
	hev1.2.4.L153.B0


-
@width and @height for Representations shall be set to one of the following pairs: (3840, 2160), (3200, 1800), (2560, 1440), (1920, 1080), (1600, 900), (1280, 720), (960, 540), (854, 480), (640, 360), or (426, 240). 
-
@frameRate shall be set to one of the following values: "24", "25", "30", "50", "60", "24000/1001", "30000/1001" or "60000/1001".
-
The Colour Primaries, Transfer Characteristics and Matrix Coefficients shall be signalled to indicate ITU-R BT.2020 and BT.2100 PQ as defined in clause 5.1.3. In particular, the Essential Descriptors shall be present to signal BT.2020 and BT.2100 PQ as follows:
-
an Essential Descriptor shall be used to signal the value by setting the @schemeIdUri attribute to urn:mpeg:mpegB:cicp:MatrixCoefficients as defined ISO/IEC 23001-8 [10] and the @value attribute according to Table 4 of ISO/IEC 23001-8 [10]. The values shall match the values set in the VUI, i.e. the value is set to 9. 

-
Essential Descriptors shall be used to signal the value by setting the @schemeIdUri attribute to urn:mpeg:mpegB:cicp:ColourPrimaries and urn:mpeg:mpegB:cicp:TransferCharacteristics, respectively, as defined ISO/IEC 23001-8 [10] and the @value attribute according to the “Colour primaries” Table and the “Transfer characteristics” Table of ISO/IEC 23001-8 [10], respectively. The values shall match the values set in the VUI, i.e.

-
urn:mpeg:mpegB:cicp:ColourPrimaries with value set to 9

-
urn:mpeg:mpegB:cicp:TransferCharacteristics with value set to 16 for PQ HDR, or set to either 18 or 14 for HLG HDR. If 14 is signalled for HLG_HDR, a Supplementary Descriptor with the same attributes shall be used to signal the value 18, and the @profiles parameter shall not include "urn:3GPP:video:op:h265-UHD", but should include "urn:3GPP:video:op:h265-UHD-HDR".

NOTE: In the context of 3GPP TV video profiles, it is not foreseen that HLG content is delivered to non-HDR capable devices.
-
The Essential Descriptors, and if applicable the Supplementary Descriptor, shall be on Adaptation Set level only, i.e all Representations in one Adaptation Set are required to have the same Matrix Coefficients, Color Primaries and Transfer Function.
-
If any Representation contains a mastering display colour volume SEI message or a content light level information SEI message, the same SEI message shall be present in all Representations in the Adaptation Set. 

-
For hvc1 this implies that the SEI messages shall be provided in the decoder configuration record of every Representation. 

-
For hev1, if any of such SEI message is carried inband within a segment/subsegment of any Representation of the Adaptation Set, it shall be carried with the first picture of that segment/subsegment in decode order in all Representations of this Adaptation Set.
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