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6
Audio Enablers

6.1
Audio Operation Points

6.1.1
Definition of Operation Point
For the purpose to define interfaces to a conforming audio decoder, audio operation points are defined. In this case the following definitions hold:

-
Operation Point: A collection of discrete combinations of different content formats including channel based audio, audio objects, Ambisonic sound fields, rendering metadata etc. and the encoding format.

-
Receiver: A receiver that can decode and render any bitstream that is conforming to a certain Operation Point.

-
Bitstream: An audio bitstream that conforms to an audio encoding format and certain Operation Point including VR Rendering Metadata.
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Figure 6.1: Audio Operation Points

This clause focuses on the interoperability point to a media decoder as indicated in Figure 6.1. This clause does not deal with the access engine and file parser which addresses aspects how the audio bitstream is delivered.

In all audio operation points, the VR Audio Presentation can be rendered by a VR Renderer using the Audio Decoder which provides Decoded Signals and Rendering Metadata.

6.1.2
Parameters of Audio Operation Point

This clause defines the potential parameters of Audio Operation Points. This includes potential audio decoder profile and levels with additional restrictions as well as conventional audio signal parameters and VR rendering metadata. The requirements are defined from the perspective of the audio decoder and renderer.

Parameters for a Audio Operation Point include:

-
Codec, Profile and level requirements

-
Restrictions of audio parameters

-
Usage and restrictions of VR rendering metadata
6.1.3
Summary of Audio Operation Points
The present document potentially defines several operation points for audio with different strengths and weaknesses for specific use cases.

Each operation point is associated with a codec that has a specific set of features.

Table 6.1-1: Audio Operation Points
	Operation Point Name
	Decoder
	Audio Frame Duration
	Sampling Frequency
	Target Bitrate per waveform
	Maximum Number of Waveforms
	Nominal Sync Interval
	Decoder Complexity (Average)

	DTS-UHD
	DTS-UHD Profile 4
	1024 samples
	48 kHz
	32 to 128 kbps 
	32
	500 ms
	10 Mc/sec per waveform


6.1.4
3GPP DTS-UHD
6.1.4.1
Overview

The DTS-UHD bitstream definition supports multiple presentations in a single stream. Audio assets within the stream are not exclusive to a presentation. In the case of broadcast delivery, a receiver can then find the best presentation it can play.
A Bitstream conforming to the 3GPP DTS-UHD Operation point shall conform to the requirements in of clause 6.1.4.2.

A receiver conforming to the 3GPP DTS-UHD Operation point shall support decoding and rendering a Bitstream conforming to the 3GPP Audio 1 Operation point. Detailed receiver requirements are provided in clause 6.1.4.3.
6.1.4.2
Bitstream requirements

The DTS-UHD bitstream is defined by ETSI TS 103 491, with the following additional constraints:
The audio essence within the bitstream shall be encoded using the Audio Chunk with an ID of 0x01, as described in ETSI TS 103 491, Table 4-2.

The audio sampling frequency of the waveforms to be encoded shall be limited to 48 kHz, i.e. m_unClockRateInHz = 48000 [1].
An audio presentation limited to a maximum of 16 full bandwidth waveforms plus up to two LFE channels shall be available.
6.1.4.3
Receiver requirements

The DTS-UHD receiver shall be able to decode the bitstream described in 6.1.4.2 and render the output to the required chanel configuration. Receivers shall support rendering of at least 16 full bandwidth waveforms, plus up to two LFE waveforms. Support for up to 32 full bandwidth waveforms is optional.
6.2
Audio Media Profiles

6.2.1
Introduction and Overview
This clause defines the media profiles for audio. Media profiles include specification on the following:

-
Elementary stream constraints based on the audio operation points defined in clause 6.1.
-
File format encapsulation constraints and signalling including capability signalling. The defines to a 3GPP VR Track as defined above.

-
DASH Adaptation Set constraints and signalling including capability signalling. This defines a DASH content format profile.

Table 6.2-1 provides an overview of the Media Profiles in defined in the remainder of clause 6.2.

6.2.2
DTS-UHD Media Profile
6.2.2.1
Overview
An ISO media file may contain one or more audio tracks. The tracks are composed in conformity to ISO base media file format and described in 14496-12 [2], for an audio track structure. The sub-sections that follow describe the construction of an audio track containing DTS-UHD audio.

DTS-UHD tracks shall be signaled in the ISOBMFF movie header according to clause 6.2.2.2.

DTS-UHD elementary streams shall be encapsulated according to clause 6.2.2.3

In this clause, operational rules for boxes defined in 14496-12 [2] as well as definitions of private extensions to those ISO file format standards are described.
6.2.2.2
File Format Signalling and Encapsulation
3GP VR Tracks conforming to this media profile used in the context of the specification shall conform to the 3GP File Format [7] with the following further requirements: 
-
The audio track shall comply to the Bitstream requirements and recommendations for the Operation Point as defined in clause 6.1. 
DTS-UHD signalling in ISOBMFF files or tracks shall be according to Annex A.1. Additionally, the following constraints shall be applied.

· Codingname for the Audio Sample Entry shall be set to ‘dtsv’

· DecoderProfile shall be set to 4.

DTS-UHD bitstreams shall be stored in ISOBMFF files and tracks according to Annex A.2.
6.2.2.3
Additional Restrictions for DASH Representations
DTS-UHD tracks within an adaptation set shall be stored according to Annex A.2.

DASH delivery of DTS-UHD shall compl with clause A.3.

DTS-UHD tracks use in DASH representations shall be limited to a single presentation.

At least 1 DTS-UHD selection set limited to a maximum of 16 full bandwidth waveforms plus 2 LFE waveforms shall be available.

DTS-UHD selection sets with up to 32 waveforms may be available.

6.2.2.4
DASH Adaptation Set Constraints
No additional restrictions for adaptation sets are required.
Annex A (Normative): 
DTS-UHD ISOBMFF File Encapsulation
A.1
Signalling
A.1.1
Overview

In this clause, operational rules for boxes defined in 14496-12 [2] as well as definitions of private extensions to those ISO file format standards are described.

An ISO media file may contain one or more audio tracks. The tracks are composed in conformity to ISO base media file format and described in 14496-12 [2], for an audio track structure. The sub-sections that follow describe the construction of an audio track containing DTS-UHD audio.

A.1.2
Track Header Box

The syntax and values for the Track Box ('tkhd') and its sub-boxes shall conform to 14496-12 [2], and the following fields of each box shall be set to the following specified values.  There are some “template” fields declared to use; see the syntax of 'tkhd' in 14496-12 [2].

flags = 000007h, except for the case where the track belongs to an alternate group;

layer = 0; 

volume = 0100h;

matrix = {00010000h,0,0,0, 00010000h,0,0,0, 40000000h};

width = 0;

height = 0;

A.1.3
Sync Sample Box

All DTS-UHD sync frames are samples that are Sync Samples (random access points). All DTS-UHD non-sync frames are samples that are not random-access points. 

Per the requirements of 14496-12 [2] the Sync Sample box shall be present if the DTS-UHD track contains samples that are not Sync Samples. More information about DTS-UHD random access points is provided in section [2].

A.1.4
Handler Reference Box

The syntax and values for the Handler Reference Box ('hdlt') shall conform 14496-12 [2], and the fields of this box shall be set to the following specified values.

handler_type = ‘soun’

A.1.5
Sound Media Header Box

The syntax and values for the Sound Media Header box ('smhd') shall conform to 14496-12 [2], and the fields of this box shall be set to the following specified values.

balance = 0;

A.1.6
Sample Description Box
A.1.6.1
Audio Sample Entry
The SampleEntry box for DTS-UHD is derived from the AudioSampleEntry box defined in 14496-12 [2]. The DTS-UHD specific SampleEntry box is identified by a unique codingname value (see Table A-3). It indicates the audio format used to encode the audio track and describes the configuration of the audio elementary stream.

Table A-3: Defined Audio Formats

	codingname
	Description

	dtsx
	DTS-UHD bitstream compatible with Decoder Profile = 2

	dtsy
	DTS-UHD bitstream compatible with Decoder Profile = 3

	dtsv
	DTS-UHD bitstream compatible with Decoder Profile = 4


A.1.6.2
AudioSampleEntry Box for DTS-UHD Formats

The syntax and values of the AudioSampleEntry Box shall conform to DTSUHDSampleEntry.
The configuration of the DTS-UHD elementary stream is described in the DTSUHDSpecificBox (‘udts’), within DTSUHDSampleEntry. The syntax and semantics of the DTSUHDSpecificBox are defined in section 0.

A.1.6.3
DTSUHDSampleEntry

DTSUHDSampleEntry extends the AudioSampleEntry box defined in 14496-12 [2]: 

class DTSUHDSampleEntry (codingname) extends AudioSampleEntry (codingname) {


DTSUHDSpecificBox()
// ‘udts’ box
}

For DTSUHDSampleEntry(), the following values inherited from AudioSampleEntry are set as follows:

codingname shall be set to one of the values listed in Table A-3.

channelcount shall be set to the number of decodable output channels.

samplesize shall be set to 16.

samplerate shall be set to the base sampling frequency, as indicated by the BaseSamplingFreqCode field of the DTSUHDSpecificBox.

A.1.6.4
DTSUHDSpecificBox

The syntax and semantics of the DTSUHDSpecificBox ('udts') are shown below.

Note, many of the fields of the DTSUHDSpecificBox are identical to fields of the same name in the DTS-UHD Audio Descriptor for MPEG-2 systems and reference those sections of this document for definition.

Table A-4: DTS-UHD Specific Box

	Syntax
	Reference

	class DTSUHDSpecificBox extends Box (‘udts’) { 
	

	
bit (6)
	DecoderProfileCode;
	0

	
bit (2)
	FrameDurationCode;
	0

	
bit (3)
	MaxPayloadCode;
	0

	
bit (5)
	NumPresentationsCode;
	0

	
unsigned int(32)
	ChannelMask; 
	0

	
bit (1)
	BaseSamplingFrequencyCode
	0

	
bit (2)
	SampleRateMod
	0

	
bit (3)
	RepresentationType; 
	0

	
bit (3)
	StreamIndex
	0

	
bit (1)
	ExpansionBoxPresent;
	0

	
bit (NumPresentations)
	IDTagPresent[NumPresentations];
	0

	
ByteAlign [0..7]
	0

	
for (i = 0; i < NumPresentations; i++){
	

	

if (IDTagPresent[i] == TRUE)
	

	


unsigned char


}
	PresentationIDTag[16];
	0

	
if (ExpansionBoxPresent) {
	

	

box DTSExpansionBox [];

}
	0

	}
	


A.1.6.5
Semantics for DTSUHDSpecificBox
A.1.6.5.1
DecoderProfileCode
DecoderProfile = DecoderProfileCode + 2;

DecoderProfile indicates the decoder version required to fully process the encapsulated elementary stream.
A.1.6.5.2
FrameDurationCode

The frame duration code indicates FrameDuration according to Table A-5. The units for FrameDuration are sample periods relative to BaseSamplingFrequency defined below.

Table A-5: Frame Duration

	FrameDurationCode
	FrameDuration (samples)

	0
	512

	1
	1024

	2
	2048

	3
	4096


A.1.6.5.3
MaxPayloadCode

MaxPayloadCode indicates the maximum size of the audio payload, as indicated in Table A-6. Note that Maxpayload is not the size of the largest audio frame in the presentation, but rather a "not to exceed" value for buffer configuration and digital audio interface purposes, and is inclusive of all required preambles, headers, burst spacing, etc.

Table A-6: MaxPayload

	MaxPayloadCode
	MaxPayload (bytes)

	0
	2048

	1
	4096

	2
	8192

	3
	16384

	4
	32768

	5
	65536

	6
	131072

	7
	reserved


Note that MaxPayloadCode can be used to determine the minimum IEC sample clock frequency required to transfer the DTS-UHD stream on a digital audio interface. 

A.1.6.5.4
NumPresentationsCode

This field represents the number of audio presentations encoded within DTS-UHD elementary stream. The valid range of the bitstream parameter m_ucNumAudioPres defined in TS 103 491 [1] is from 0 to 31. The relationship between NumPresentationsCode and m_ucNumAudioPres shall be as follows:

NumPresentations = m_ucNumAudioPres + 1.
A.1.6.5.5
ChannelMask

A bit mask that indicates the channel layout encoded in the default presentation of the DTS-UHD bitstream according to the bit-to-channel-label mapping described in Table A-7. Note that the ChannelMask table is derived from Channel Bitmask defined in TS 103 584 [3].
Table A-7: Speaker Labels for ChannelMask

	Label
	Notation
	ChannelMask

	C
	CENTER
	0x00000001

	L
	LEFT
	0x00000002

	R
	RIGHT
	0x00000004

	Ls
	SRRD_LEFT
	0x00000008

	Rs
	SRRD_RIGHT
	0x00000010

	LFE1
	LFE_1
	0x00000020

	Cs
	SRRD_CENTER
	0x00000040

	Lsr
	REAR_SRRD_LEFT
	0x00000080

	Rsr
	REAR_SRRD_RIGHT
	0x00000100

	Lss
	SIDE_SRRD_LEFT
	0x00000200

	Rss
	SIDE_SRRD_RIGHT
	0x00000400

	Lc
	LEFT_CENTER
	0x00000800

	Rc
	RIGHT_CENTER
	0x00001000

	Lh
	HIGH_LEFT
	0x00002000

	Ch
	HIGH_CENTER
	0x00004000

	Rh
	HIGH_RIGHT
	0x00008000

	LFE2
	LFE_2
	0x00010000

	Lw
	LEFT_WIDE
	0x00020000

	Rw
	RIGHT_WIDE
	0x00040000

	Oh
	TOP_CENTER_SRRD
	0x00080000

	Lhs 
	HIGH_SIDE_LEFT 
	0x00100000

	Rhs
	HIGH_SIDE_RIGHT 
	0x00200000

	Chr
	HIGH_REAR_CENTER
	0x00400000

	Lhr
	HIGH_REAR_LEFT
	0x00800000

	Rhr
	HIGH_REAR_RIGHT
	0x01000000

	Cb
	LOW_FRONT_CENTER
	0x02000000

	Lb
	LOW_FRONT_LEFT
	0x04000000

	Rb
	LOW_FRONT_RIGHT
	0x08000000

	Ltf
	TOP_FRONT_LEFT
	0x10000000

	Rtf
	TOP_FRONT_RIGHT
	0x20000000

	Ltr
	TOP_REAR_LEFT
	0x40000000

	Rtr
	TOP_REAR_RIGHT
	0x80000000


A.1.6.5.6
BaseSamplingFrequencyCode

BaseSamplingFrequencyCode is derived from the parameter m_unClockRateInHz defined in TS 103 491 [1]. This field shall indicate the base sampling frequency, according to Table A-8.

Table A-8: Base Sampling Frequency

	BaseSamplingFrequencyCode
	Clock Rate (Hz)1

	0
	44100

	1
	48000


A.1.6.5.7
SampleRateMod

This field indicates the sampling frequency of the audio samples stored in the bitstream. It modifies the BaseSamplingFrequency by multiplying by the corresponding value indicated in Table A-9.

Table A-9: SampleRateMod

	SampleRateMod
	Multiplier

	0
	1

	1
	2

	2
	4

	3
	8


A.1.6.5.8
RepresentationType

This value conveys general information about the type of spatial audio signals encoded in the default presentation of the DTS-UHD bit-stream according to the description in Table A-10. This parameter shall match the bitstream metadata parameter ucObjRepresTypeIndex defined in TS 103 491 [1].

Allowed values for RepresentationType are affected by and may affect ChannelMask, as indicated.

Table A-10: Representation Type

	RepresentationType
	Description

	0
	Multi-channel representation in layout described by ChannelMask

	1
	Multi-channel representation in layout described by ChannelMask obtained by rendering 2D content, (i.e. no height channels), with spatial resolution higher than indicated by the encoded layout, (e.g. LtRt, 5.1ES)

	2
	Multi-channel representation in layout described by ChannelMask obtained by rendering 3D content, (i.e. includes height), with spatial resolution higher than indicated by the encoded layout, (e.g. 5.1 NeoX),

	3
	Binaurally processed audio (2 waveforms, L, R for headphones)

	4
	Ambisonic representation

	5
	Audio tracks with or without an associated mixing matrix to a particular channel mask based output layout

	6
	3D Objects based representation

	7
	Combination of objects with different representation types


When RepresentationType has a value of 0, ChannelMask shall be set to a value that directly corresponds to the encoded channels.

When RepresentationType has a value of 1 or 2, ChannelMask shall be set to a value that corresponds to the layout of the encoded channels into which higher spatial resolution components have been rendered (i.e. the corresponding channels that have been delivered to the audio compression engine).  For example, LtRt material would have a ChannelMask of 0x00000006, representing the two channels of encoded audio content that may be presented at a higher spatial resolution on, say, a 5.1-channel system.

When RepresentationType is equal to 3, ChannelMask shall be set to 0x00000006, indicating Left and Right channels are active.

When RepresentationType is greater than  3, ChannelMask shall be set to 0x00000000, indicating that the audio presentation is channel layout agnostic.
A.1.6.5.9
StreamIndex

When a given Audio Program is delivered using multiple streams, StreamIndex is the index used to indicate stream priority for prioritizing mixing metadata. The main stream shall have StreamIndex=0, while auxiliary streams shall have StreamIndex values in the range of 1-7.

If the Audio Program is delivered in a single stream, StreamIndex shall be 0.

A.1.6.5.10
ExpansionBoxPresent

This flag, if set to 1, indicates that at least one private box is present at the end of the DTSUHDSpecificBox.

A.1.6.5.11
IDTagPresent

One IDTagPresent flag exists for each presentation in the audio track, with the total number indicated by NumPresentations. The IDTagPresent flags appear in order of the increasing value of the Audio Presentation Index (ucAudPresIndex) defined in ETSI TS 103 491 [1]. If IDTagPresent is equal to 1 for a given presentation, then a 16 byte ID for that presentation (PresentationIDTag) shall be present in the descriptor.
A.1.6.5.12
ByteAlign
A variable number of bits (from 0 to 7) shall be inserted to pad to the end of the current byte boundary.

A.1.6.5.13
PresentationIDTag

PresentationIDTag for a specific audio presentation shall be present only when the corresponding IDTagPresent flag is set to 1. This 16-byte field can be used to identify the corresponding audio presentation.
A.1.6.5.14
DTSExpansionBox

If ExpansionBoxPresent is set to 1, then one or more private boxes referred to as DTSExpansionBoxes can be found at the end of the ‘udts’ box, filling the remaining space of the box. As defined in 14496-12 [2] section 4.2, boxes with an unrecognized type shall be ignored by the receiver.

Playback devices not equipped to support one or more of these private boxes shall be able to depend on the defined parameters in ‘udts’ to play the audio track with its default presentation parameters.
A.2
Storage of DTS-UHD Elementary Streams

A.2.1
Overview

Storage of DTS-UHD elementary streams within an ISO media file shall be according to this section.

A sample, as defined in ISO/IEC 14496-12 [2] shall consist of a single DTS-UHD audio frame, including the leading syncword, as defined in TS 103 491 [1].

A.2.2
Random Access Points

DTS-UHD audio samples may be either sync frames or non-sync frames, as identified by the first four bytes of the sample, which constitute the SYNCWORD, shown in Table A.10.

Table A.10 : DTS-UHD SYNCWORD

	SYNCWORD
	Designation

	0x40411BF2
	DTS-UHD Sync Frame

	0x71C442E8
	DTS-UHD Non-sync Frame


For all DTS-UHD tracks containing both sync frames and non-sync frames, the first sample in the track shall be a sync frame. For fragmented track files, the first sample in each fragment shall be a sync frame. 
For track fragments containing multiple mdat boxes, the first DTS-UHD frame stored in each mdat shall be a sync frame.
For DTS-UHD tracks containing non-sync frames, the methods provided in 14496-12 [2] for locating random access points such as the sync sample box ('stss'), the track fragment random access box ('tfra'), and random access information in 'trun', 'traf' and 'trex', shall be applied as required.
A.3
DASH deliver of DTS-UHD Audio Tracks

A.3.1
Introduction

This chapter describes the DTS-UHD audio track in relation to the ISO file and the constraints on the DTS-UHD audio formats.

A.3.2
DASH Media Presentation Description parameters for DTS-UHD

This section details the DASH MPD attributes and elements used with DTS-UHD.

Table 10: DTS-UHD DASH Elements and Attributes

	Element or Attribute Name
	Description

	@codecs
	The value of the codecs attribute shall be created according to the syntax described in RFC 6381 [4]. 

For DTS-UHD Profile 4 streams, @codecs shall be represented as the 4CC appended with a channel count profile. Available channel count profiles are 16, 24 and 32 waveforms.
For example, a typical VRStream track with up to 24 waveforms is represented as:

@codecs = dtsv.16

	AudioChannelConfiguration
	DTS-UHD shall use the following scheme URI:

tag:dts.com, 2018:uhd:audio_channel_configuration and the value shall be the ChannelMask as defined in clause A.1.6.5.5 of this specification.

	RandomAccess
	The type to be used with DTS-UHD shall be ”closed”, i.e. the SAP type is 1.

	Language
	The language indicated should equal the language of the dialogue element.

	Role
	The Role@value should be set by the content author.

	Label
	The Label for a Representation should be set by the content author.
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