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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became a tripartite body
by including in the Memorandum of Understanding also CENELEC, which is responsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activitiesin the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about
60 countries in the European broadcasting areg; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

Higher Order Ambisonics (HOA) signals are able to deliver a significantly enhanced immersive sound compared to
conventional stereo or 5.1 channel audio signals. However, there are some use cases where HOA signals cannot be
transported because of the large number of HOA input channels. The present document provides an HOA transport
format which allows unrestricted HOA order signals to be transported.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] I SO/IEC 23008-3:2015/AMD 1:2016: "Information technology - High efficiency coding and
media delivery in heterogeneous environments - Part 3: 3D audio, 3D Audio Profile and Levels'.

NOTE: Available at https://www.iso.org/standard/67953.html.

[2] I SO/IEC 23008-3:2015/DAM 5: "Information technology - High efficiency coding and media
delivery in heterogeneous environments - Part 3: 3D audio, Audio M etadata Enhancements'.

NOTE: Available at https://www.iso.org/standard/74433.html.

[3] I SO/IEC 23008-3:2015: "Information technology - High efficiency coding and media delivery in
heterogeneous environments - Part 3: 3D audio”.

NOTE: Available at https://www.iso.org/standard/63878.html.

[4] ISO/IEC 23008-3:2015/AMD 3:2017: " Information technology - High efficiency coding and
media delivery in heterogeneous environments - Part 3: 3D audio, MPEG-H 3D Audio Phase 2".

NOTE: Available at https://www.iso.org/standard/69561.html.

[5] I SO/IEC 13818-1:2015: "Information technology - Generic coding of moving pictures and
associated audio information - Part 1: Systems”.

NOTE: Available at https://www.iso.org/standard/67331.html.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.
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The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] SMPTE Motion Imaging Journal: "Building The World's Most Complex TV Network: A Test Bed
for Broadcasting Immersive and Interactive Audio” R. L. Bleidt et a.: pp. 26-34, 2017.

NOTE: Available at http://ieeexplore.ieee.org/document/7963945/.

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
MPEG-H Audio Stream (MHAYS): self-contained stream format to transport 1SO/IEC 23008-3 data
MPEG-H 3DA: MPEG-H 3D Audio standard defined in ISO/IEC 23008-3 [1] to [4].

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ACN Ambisonic Channel Number

AGC Adaptive Gain Control

AU Access Unit

BG Background (audio channel)

CRC Cyclic Redundancy Check

DAW Digital Audio Workstation

FG Foreground (audio channel)

HDMI High-Definition Multimedia Interface
HD-SDI High-Definition Serial Digital Interface
HOA Higher Order Ambisonics

HTF HOA Transport Format

HTFAS HOA Transport Format Audio Stream
ISO International Organization for Standardization
MHAS MPEG-H Audio Stream

MMT MPEG media transport

MPEG Moving Pictures Experts Group
MPEG-H LC MPEG-H Audio Low Complexity profile

NOTE: Asdefined in 1SO/IEC 23008-3 [1].

NOC Network Operation Centre

OTA Over The Air (media)

oTT Over The Top (media)

PCM Pulse Code Modulation

SDI Serial Digital Interface

SID Single Index Designation

SMPTE Society of Motion Picture & Television Engineers
VHTF Vector based HOA Transport Format
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4 Higher Order Ambisonics (HOA) Transport Format

4.1 Introduction

Higher Order Ambisonics (HOA) signals are able to deliver a significantly enhanced immersive sound compared to
conventional stereo or 5.1 channel audio signals. However, there are some use cases where HOA signals cannot be
transported because of the large number of HOA input channels.

One use case is mobile devices where the number of input channelsislimited by N Pulse-Code Modulation (PCM)
channels. Asshown in Figure 1 (a), if N is 8, amaximum of First Order Ambisonics (FOA which requires 4 PCM
channels) can be transported.

Another use case is atypical broadcast workflow as shown in Figure 1 (b). Here, a contribution encoder can transmit
16 PCM channels from the remote truck to the Network Operation Centre (NOC) or local affiliate(s). However, the use
of single High-Definition Serial Digital Interface (HD-SDI) link has alimitation of being able to transport only 16 PCM
channels. This restricts the transport to a maximum of 3@ order HOA signals (requiring 16 PCM channels) with the
additional restriction that there are no additional discrete audio elements to be transported. If additional audio elements
are to be transported, only a maximum of 2™ order HOA (requiring 9 PCM channels) can be transported.

The present document aims to specify an HOA transport format which allows unrestricted HOA order signalsto be
transported. This not only includes the above two cases, but also any other cases with limitations in bandwidth and the
number of transport channels. Other examples include High-Definition Multimedia I nterface (HDMI) or other wired or
wireless connectivity interfaces.

Mobile Device A Mobile Device B
Input : Encoder »{ Decoder —m» Output
HOA
(a)
Remote Truck Network Operation Center (NOC) Local Affiliate Customer’s Living Room
14,916 Contribu- Contribu- Contribu- ibu- |16 i
Input ontribu Ol u- | 16 ontribu Contribu- |1 N feci
HgA tion - ton [Z“*  tion [P tion [ EMISSION ot EMission |, output
Encoder | Decoder |SP! | Encoder : Decoder |SDI | Encoder ||t Decoder
MPEG-2 or MMT MPEG-2 or MMT MPEG-2 or MMT
or DASH/ROUTE or DASH/ROUTE or DASH/ROUTE
(b)

Figure 1. (a) conventional mobile devices and
(b) conventional broadcast chain for order-restricted Ambisonics transport

4.2 Generic HOA Transport Format

To transport higher than 1% order HOA over the mobile device as shown in Figure 1 (a), an HOA Transport Encoder is
used in the production devices, such as a microphone array or adigital audio workstation (DAW). As shown in Figure 2
(a), the HOA transport encoder encodes the input HOA of any order into the HOA transport format (HTF) which
contains | transport audio signals along with the HOA Side-info data. The number | of transport audio signalsis usually
much lower than the number of HOA input coefficients.

To transport higher than 3" order HOA over the SDI framework, an HOA Transport Encoder is placed in front of the
contribution encoder as shown in Figure 2 (b). For example, the HOA transport encoder converts input 49 HOA
coefficients (6" order HOA signal) to the HOA transport format which contains 13 transport audio channels along with
asingle HOA Side-info channel. The 16 channel HD-SDI can carry these (13+1) channels with 2 empty channels.

ETSI
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For error protection in SDI transmission, the HOA Side-info can be modulated with communications modem
technologiesinto a PCM control track signal that fitsinto the audio signal bandwidth [i.1].

Production Device Mobile Device A Mobile Device B
1,49,16 PSS )
it \Transport : 7
25,36,49 HOA ; SULMEN
Input i+ audio ! 8
HOA » Transport ! . » Encoder P Decoder —» Output
Encoder , Side .+ 7
\__infg___
HOA Transport
Format
(a)
Remote Truck SDI Network Operation Center (NOC) Local Affiliate Customer’s Living Room
;'54;96'14‘; HOA f:l'ransport\" 15) | - -
Inout 25367 " audio ! Contribu- Contribu- | 16 Contribu- Contribu- |16 e oo
HgA Transport | ! . HE tion T tion > tion 'T" tion EdRg Emission T Emission > Output
Encoder | Side Encoder Decoder |SD! | Encoder 1 Decoder |SDI | Encoder Decoder
\_.nfo__./ i i
HOA Transport
Format | ! |
MPEG-2 or MMT MPEG-2 or MMT MPEG-2 or MMT
or DASH/ROUTE or DASH/ROUTE or DASH/ROUTE

Figure 2: HOA Transport Format for (a) mobile devices and (b) broadcast chain

Annex A presents an example guideline about HOA transport over Seria Digital Interface (SDI) utilizing
communications modem technologies[i.1].

Annex B shows the HOA content production workflow where the HOA transport encoder is placed outside the
broadcast chain.

In Table 1, the syntax of the configuration of Generic HOA transport format is defined as a binary representation
format. In Table 2, the corresponding semantics of the configuration of Generic HOA transport format is defined.

ETSI
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Table 1: Syntax of HOATransportFormatConfig()

Syntax No. of bits Mnemonic

HOATr anspor t For mat Conf i g( HoaTr ansport Type)

if (HoaTransport Type == 0) {

I nput Sanpl i ngFr equency; 4 ui nsbf
I nput Audi oBi t Dept h = (I nput Audi oBi t Dept hl dx+1) *8; 2 ui msbf
HoaFr anelLengt hl dx; 3 ui nsbf
Nunf HoaCoeffs = ( HoaOrder + 1 )72; 5 ui msbf
NunmOF Tr anspor t Channel s = NunOf HoaCoef f s;

HoaNor el i zat i on; 2 ui nsbf
HoaCoef f Or deri ng; 2 ui nebf
I sScreenRel ati ve; 1 ui nsbf

} else if (HoaTransportType == 1) {
HoaNor nal i zation = 1;
HoaCoef f Ordering = 0;

NumOF Tr anspor t Channel s = CodedNun®X Tr anspor t Channel s+1; 5 ui nsbf
HOAConf i g();

} else if (HoaTransportType == 2) {
HoaNor mal i zati on = O;
HoaCoef f Ordering = 0;

NumOf Tr anspor t Channel s = CodedNun®X Tr anspor t Channel s+1; 5 ui nsbf
HOAConf i g_SN3D() ;
i sScreenRel ative = isScreenRel ative_E;

} else if (HoaTransportType == 3) {

I nput Sanpl i ngFr equency; 4 ui msbf
| nput Audi oBi t Dept h = (I nput Audi oBi t Dept hl dx+1) *8; 2 ui nebf
HoaFr amelLengt hl dx; 3 ui mebf
Numcf HoaCoeffs = ( HoaOrder + 1 )72; 5 ui nebf
HoaNor mal i zati on = O;
HoaCoef f Ordering = 0; )
I sScreenRel ati ve; 1 ui msbf
NunmCf Tr anspor t Channel s = CodedNunOf Tr anspor t Channel s+1; 5 ui ms bf
if (lIsScreenRel ative) {
i f (hasNonSt andar dScr eenSi ze) { 1 bsl bf
if (isCenteredlnAzimth) { 1 bsl bf
bsScreenSi zeAz; 9 ui nsbf
} else {
bsScreenSi zelLef t Az; 10 ui nsbf
bsScreenSi zeRi ght Az; 10 ui mebf
}
bsScreenSi zeTopH ; 9 ui mebf
bsScreenSi zeBot t onEl ; 9 ui mebf
}
}
}
Table 2: Semantics of HOATransportConfig()
HoaTr ansport Type This element contains information about HOA transport mode.
0: HOA coefficients (as defined in this clause)
1: ISO/IEC 23008-3-based HOA Transport Format as defined in
clause 4.3
2: Modified ISO/IEC 23008-3-based HOA Transport Format for SN3D
normalization as defined in clause 4.4
3: V-vector based HOA Transport Format as defined in clause 4.5
I nput Sanpl i ngFr equency This element contains information about input sampling frequency.
0: 24 kHz
1: 32 kHz
2: 44,1 kHz
3: 48 kHz
4: 96 kHz
5:192 kHz

6 - 15: reserved

ETSI
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I nput Audi oBi t Dept hl dx

This element determines the input audio bit depth by
| nput Audi oBi t Dept h = (I nput Audi oBi t Dept hl dx+1) *8.

HoaOr der

This element determines the HOA order of the coded signal.

HoaNor mal i zat i on

This element contains information about HOA coefficient normalization.
0: SN3D normalization
1: N3D normalization
2: FuMa normalization
3: reserved

HoaCoef f Or deri ng

This element contains information about HOA coefficient ordering.
0: ACN
1: SID
2-3: reserved

I sScreenRel ative

This element contains information about whether the content is:
0: not screen related
1: screen related

hasNonSt andar dScr eenSi ze

This flag specifies whether the defined production screen size is different
from the default screen size. The definition is done via viewing angles (in
degrees) corresponding to the screen edges. The default screen size is
defined with the following values (a 4K display at an optimal viewing
distance):

Prefe = 29. 00! Pright = —29.0°

Orop = 17.5°, Oportom = —17.5°

i sCent er edl nAzi nut h

This flag defines whether the production screen is frontal and centered in
azimuth (absolute values of the azimuth angles of the left and right screen
edge are identical) or not.

bsScreenSi zeAz

This field defines the azimuth angles (in degree) corresponding to the left
and right screen edge:

Preft = 0,5 bsScreenSizeAz

Pleft = min(max((pleft , 0)! 180)

@right = —0,5 bsScreenSizeAz

Pright = min(max(q)right ,—180),0)

bsScreenSi zeLeft Az

This field defines the azimuth angle (in degree) corresponding to the left
screen edge:

@reic = 0,5 (bsScreenSizeLeftAz — 511)

Plerr = min(max (e, —180), 180)

bsScreenSi zeRi ght Az

This field defines the azimuth angle (in degree) corresponding to the right
screen edge:
@right = 0,5 (bsScreenSizeRightAz — 511)

Pright = min(max((pright ,—180),180)

bsScreenSi zeTopEl

This field defines the elevation angle (in degree) corresponding to the top
screen edge:
Brop = 0,5 (bsScreenSizeTopEl — 255)

Orop = min(max(@top ,—90),90)

bsScreenSi zeBot t onEl

This field defines the elevation angle (in degree) corresponding to the
bottom screen edge:
Opottom = 0,5 (bsScreenSizeBottomEl — 255)

Bpottom = Min(max(Byotiom , —90),90)

HoaFr ameLengt hl dx

This element contains information about the HOA frame length L. See also
Table 5.

CodedNun®X Tr anspor t Channel s

This element contains information about the coded number of transport
channels.

Nunmf Tr anspor t Channel s

This element contains information about the number of transport channels.

HOACoNT 1 g()

This element contains information about the configuration for HOA spatial
encoding as defined in ISO/IEC 23008-3 [1] to [4], clause 12.3.

HOAConf i g_SN3D()

This element contains information about the configuration for HOA spatial
encoding as defined in clause 4.4.

In Table 3, the syntax of the frame data of Generic HOA transport format is defined as a binary representation format.
In Table 4, the corresponding semantics of the frame data of Generic HOA transport format is defined.

ETSI



11 ETSI TS 103 589 V1.1.1 (2018-06)

Table 3: Syntax of HOATransportFormatFrame()

Syntax No. of bits Mnemonic
HOATr anspor t For mat Fr ane( HoaTr ansport Type)

i f (HoaTransport Type == 1) {
HOAFr arre() ;

} else if (HoaTransportType == 2) {
HOAFr amre_SN3IX ) ;

} else if (HoaTransportType == 3) {
HOAFr ame_WecTr ansport For mat () ;

}

for (j=0;j< HoaFraneLength;j++) {
for (i=0;i< NumOf Transport Channel s;i++) {

ht f Cor eAudi oChannel s[i][j]; | nput Audi oB |bsl bf
} i tDepth
}
}
Table 4. Semantics of HOATransportFormatFrame ()
HOAFr ame() The HOAFrame() holds the information that is required to decode the L
samples of an HOA frame of N3D normalization as described in clause 4.3.

HOAFr anme_SN3IX ) The HOAFrame() holds the information that is required to decode the L

samples of an HOA frame of SN3D normalization as described in clause 4.4.
HOAFr ame_WecTransport Format () (The HOAFrame() holds the information that is required to decode the L
samples of an HOA frame based on the V-vectors as described in clause 4.5.

NumOf Tr anspor t Channel s This element contains information about the number of transport channels
defined in Table 1.

HoaFr aneLengt h This element contains information about the HOA frame length L defined in
Table 5.

ht f Cor eAudi oChannel s[i][]] This element contains information about the audio data of a j-th sample in an

i-th transport channel.

Table 5: Value of HOA frame length in samples, HoaFrameLength (L), depending on ¢
| nput Sanpl i ngFr equency and HoaFr anelLengt hl dx

InputSamplingFrequency (kHz) HoaFramelLengthldx
0 1 2 3 4 5 6 7
24 192 256 384 480 512 768 960 1024
32 256 384 512 640 832 1024 1280 1 366
44,1 384 512 768 960 1024 1536 1920 2 048
48 384 512 768 960 1024 1536 1920 2 048
96 768 1024 1536 1920 2 048 3072 3 840 4 096
192 1536 2 048 3072 3840 4 096 6 144 7 680 8192

4.3 ISO/IEC 23008-3-based HOA Transport Format
(HoaTransportType = 1)

43.1 Introduction

This clause defines Type 1 of the HOA Transport Format (HoaTr ansport Type = 1) which isbased on
I SO/IEC 23008-3 (MPEG-H 3D Audio) [1] to [4].

ETSI
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4.3.2 HOA Transport Format defined in ISO/IEC 23008-3

In[2], the HOA input signal is analysed and encoded into the spatial coding parameters and the directional and ambient
signals. The number of signalsis usually lower than the number of HOA input coefficients. The HOA Frame Creater
converts the resulting HOA spatia coding parameters to the HOA payloads HOA Config() and HOAFrame().

In some environments (see e.g. Figure 2), the HOA spatial encoder is separated from the MPEG-H 3D Audio Core
encoder. In this case, the HOA Transport Format consists of spatial coding parameters and the predominant and ambient
signals. ThisHOA Transport Format can be transmitted from the HOA spatial encoder to the MPEG-H 3D Audio Core
encoder. Compared with the input HOA, the HOA Transport Format usually requires a significantly reduced number of
transport channels.

4.3.3 Implementation of HOA Transport Encoder (TE) and HOA Emission
Encoder (EE)

Based on [2], the following terms are defined for simplicity:

- The combination of the Spatial HOA Encoder and the HOA Frame Creater isdefined asthe HOA
Encoder.

- The predominant and ambient signals are defined as HOA Transport Audio Signals.
- The combination of the HOA Config and HOAFrame is defined as the HOA Side-info.

- The combination of the HOA Transport Audio Signals and the HOA Side-info is defined as HOA
Transport Format.

As shown in annexes A and B, there are several ways to design the broadcast chain. To make these systems working, it
is beneficial to design the HOA Transport Encoder (TE) and the Emission Encoder (EE) such that:

e  Thehit-rate, the number of transport channels, and hoal ndependencyFl ag are determined at EE. An
hoal ndependencyFl ag indicates whether aframe isindependently decodable.

. Delay and complexity increase at TE and EE should be minimized.
Thus, three design criteria are defined:

1) Predominant audio channels (or called Foreground Audio (FG) channels): A V-vector represents the spatial
distribution of the sound field for a particular vector-based predominant. FG audio channels and full V-vector
elements are transmitted from TE to EE. At EE, a subset of FG audio channels and a subset of V-vector
elements are selected and transmitted without any modification (no delay is required). If the EE modifies any
FG audio channel, one frame delay is required for the adaptive gain correction (AGC) lookahead.

2)  Ambient audio channels (or called background audio (BG) channels): AsBG channels, H_BG, original HOA
coefficients, H, are transmitted from TE to EE without applying any decorrelation and energy compensation:
H_BG=H. At EE, a subset of BG channelsis selected and transmitted without any modification (no delay is
required). If the EE modifies any BG audio channel, one frame delay is required for the AGC lookahead.

3) To create random access points at EE, all the HOA Side-info parameter shall be encoded independently at TE.
The predictive coding is not allowed at TE.

In the TE implementation, the total number of FGs and BGs are selected as 4 and 9, respectively. At EE, a subset of
FGs and BGsiis selected based on the EE bit rate. Channel Type is set to be 1 where Vector-based Signals are used to
describe FGs or 2 where Additional Ambient HOA Coefficients are used to describe BGs. Table 6 describes different
behaviours of FGs and BGs according to the parameter MinNumOfCoeffsForAmbHOA and codedVVecLength. The
MinNumOfCoeffsForAmbHOA indicates the minimum number of ambient HOA coefficients for BG. The

codedV VecL ength value indicates the elements of the transmitted V-vector used to synthesize the vector-based signals:

0) Complete vector length (NumOfHoaCoeffs elements). Indicates that all of the coefficients for the predominant
vectors (NumOfHoaCoeffs) are specified.

1) Vector elements 1 to MinNumOfCoeffsForAmbHOA and all elements defined in ContAddHoaCoeff are not
transmitted.
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2)  Vector elements 1 to MinNumOfCoeffsForAmbHOA are not transmitted. Indicates that those coefficients of
the predominant vectors corresponding to the number greater than a MinNumOfCoeffsForAmbHOA are

specified.

Table 6: Different behaviour of FGs and BGs according to MinNumOfCoeffsForAmbHOA and
codedVVecLength (the number of FGs and BGs are 4 and 9, respectively)

MinNumOfCoeffsForAmbHOA

No V for 1~4

0 q 9
codedVVVeclength
* HBG=H-H_FG * HBG=H-H_FG H_BG=H-H_FG
0 e Full V vectors e FullV vectors Full V vectors
¢ decorrMethod: not activated ¢ decorrMethod =1 (1~4) decorrMethod =1 (1~9)
*« HBG=H * HBG=H H_BG=H
1 * NoVfor1~9 * NoVfor1~9 No V for 1~9
¢ decorrMethod: not activated ¢ decorrMethod =1 (1~4) decorrMethod =1 (1~9)
* H_BG=H-H_FG E—Eg - Ef°Hr 1;; for 579 H_BG = H
2 « FullV vectors T et O No V for 1~9

* decorrMethod: not activated

decorrMethod =1 (1~4)

decorrMethod =1 (1~9)

To meet the first two design criteria as outlined, the following conditions shall hold:
o For BG, H_BG =H instead of H_BG = H - H_FG. H_FG is the FG contribution to BG.
J For BG, decorrelation shall not be activated.
J For FG, full V-vector elements shall be transmitted.

Therefore, TE and EE are designed as shown in Figure 3.

HOA Transport Encoder (TE) HOA Emission Encoder (EE)

FG —> FG#1 |

FG#2

FG#3

Selected FG
- FG#1 [—»
audio channels L.-
F

Fron ]+

> FGH4 |—
H AGC> BGH#1 |—
BG#2 Select.ing subset of
audio channels
BG#3 BG#2 —>| Core
BGH#4 BGH#3 —> Bitstreams
Sel 486 Encoder
BGHS electe » BGHA >
= audio channels
BG#6
BG#7
EE Bit Rate
BG#8
> BG#9 |—
A
Sideinf forced to transmit _| Configuration Change no Vselection | Side
\deinto full V vector elements e (e.g. #FG/#BG) for ADD_HOA Info
A

Independency Flagat EE
Figure 3: HOA Transport Encoder (TE) and Emission Encoder (EE) settings
At TE, codedVVecLength=1 and MinNumOfCoeffsForAmbHOA=0 are selected, 4 channels of FG and 9 channels of

BG are transmitted to EE. Although codedVVecLength=1, full V-vectors are transmitted (instead of the elements
between #BG+1 and #HOA coefficients).
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At EE, codedVVecL ength=1 and MinNumOfCoeffsForAmbHOA=0 are selected. Since codedVVecLength=1, only the
V-vector elements between #BG+1 and #HOA coefficients are selected and transmitted. According to the bit rate at EE,
the number of transport channels is determined for core encoding. If the subset of audio channels and the subset of

HOA parameters are selected at EE without additional processing, there is no increase in complexity and delay for HOA
spatial processing.

Table 7: Example of the numbers of FG and BG channels according to the HOA orders and bit rates

Order
Rate 1 2 3 4 5 6

Low #FG=0 #FG=2 #FG=2 #FG=2 H#HFG=2 H#HFG=2
#BG=4 #BG=4 #BG=4 #BG=4 #BG=4 #BG=4
Mid #FG=0 #FG=4 #FG=4 #FG=4 H#HFG=4 H#FG=4
#BG=4 #BG=4 #BG=4 #BG=4 #BG=4 #BG=4
High #FG=0 #FG=0 #FG=3 #FG=3 #FG=3 #FG=3
& #BG=4 #BG=9 #BG=9 #BG=9 #BG=9 #BG=9

As an example, Table 7 shows the numbers of FG and BG channels according to the HOA orders and the bit rates. The
total number of audio transport channels is the sum of the number of FG and BG channels.

HOA Emission Encoder Selected Audio Data and Sideinfo Data
’ Received Data from TE ‘ ’ Selected Data ‘
Audio Sideinfo Audio Sideinfo
Data Data Data Data

[ Fon | [ v | [ gcor | [ gBeta | [ g | v | | gCor | | gBeta ] | gExp |

ex) At 192 kbps with HOA order =4
Fo#2 | [ w2 | [gcor | [ gpeta = At Pl ue#z ’ vii2 ‘ glor | | gBeta | | gbxp
FGH3 Vi#3 gCor gBeta | | gExp * #BG=4
* independencyFlag = 1
FG#4 V4 gCor gBeta gExp
BG#1 ’ gCor ‘ ’ gBeta ‘ ’ gExp ‘ BG#1 ’ gCor ‘ ’ gBeta ‘ ’ BExp ‘
BG#2 gCor gBeta gExp BG#2 gCor gBeta gExp
BG#3 gCor | | gBeta | | gExp BGH#3 ’ gCor ‘ gBeta | | gExp
BG#4 gCor gBeta gExp BG#H4 ’ gCor ‘ ’ gBeta ‘ ’ 8Exp ‘
BG#5 gCor gBeta gExp
here

BG#6 ’ gCor ‘ ’ gBeta ‘ ’ gExp ‘ v i i

gCor = CodedGainCorrectionExp
BGH7 gCor gBeta gExp gBeta = GainCorrectionException
BG#8 gCor gBeta gExp gExp = GainCorrPrevAmpExp
BG#3 ’ gCor ‘ gBeta gExp

A

no Velement
is selected
for ADD HOA

Figure 4: Example of HOA Transport Signals and HOA Side-info selection at the emission encoder

Example of HOA Transport Audio Signals and HOA Side-info selection at the emission encoder is shown in Figure 4.

e  Thenumbers of FGs and BGs are determined based on Table 7. For rate = 192 kbps (low rate) and HOA
order = 4, #FG=2 and #BG=4 are selected. Thus, from 4 FG and 9 BG audio channels transmitted from TE,
first 2 FGs (FG#1 and FG#2) and 4 BGs (BG#1, BG#2, BG#3 and BG#4) are selected at EE. The selected
audio channels are used asinput to the core encoder without applying any decorrelation.

e  Although codedVV ecLength=1 and MinNumOfCoeffsForAmbHOA=0 at TE, TE transmits every element of
V-vector. At EE, only the V-vector elements between 5 (=#BG+1) and 25 (=#HOA coefficients) are selected
for the emission bit stream.

In summary, to implement the HOA Transport Encoder (TE) and the Emission Encoder (EE), the following
configurations are used. More detailed description of each variable can be found at 1SO/IEC 23008-3 [4].
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. Configuration of TE:

HoaOr der : decided by the input HOA
| sScreenRel ati ve: decided at TE
UsesNf c: content dependent:

L] This element determines whether or not the HOA Near Field Compensation (NFC) has been
applied to the coded signal.

MinAmbHoaOrder = -

" This element determines the minimum HOA order used for the coding of the ambient HOA
representation.

nuMHOATransportChannels = 13
CodedSpatia InterpolationTime = 3

" This element determines the time of the spatio-temporal interpolation of the V ector-based
directional signals.

SpatialnterpolationMethod = 0

" This element determines the spatial interpolation window.
CodedVVecLength=1

Channel Type: decided at TE

" This element stores the type of the i-th channel.
HOAFrameL engthindicator = 1

" Indicates the Frame Length L (number of samples) of the HOA Spatial Decoding relative to the
Core Coder Frame Length.

hoal ndependencyFlag = 1

L] Thisflag signals that the current frame is an independent frame that can be decoded without having
knowledge about the previous frame.

Nbi t sQ=4~15

=  Thetype of dequantization of the V-vector is signalled by the word Nbi t sQ.
" The Nbi t sQvalue of 4 indicates vector-quantization.

" When Nbi t sQequals 5, auniform 8 bit scalar dequantization is performed.

L] In contrast, an Nbi t sQvalue of greater or equal to 6 indicates the application of Huffman
decoding of a scalar-quantized V-vector.

. configurations of EE:

. HoaCOr der : sent from TE

" I sScreenRel ati ve: decided at EE (set to O to disable the Screen Relative functionality)
. UsesNf ¢ =sent from TE

" M nAnbHoaOr der =-1

L] nunmHOATr anspor t Channel s: decided at EE

L] CodedSpati al I nt er pol ati onTi ne =3
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" Spati al I nterpol ati onMet hod =0

. CodedVWVeclLength =1

" Channel Type: sent from TE

] HOAFr ameLengt hl ndi cator =1

" hoal ndependencyFl ag = decided at EE

. Nbi t sQ= decided at EE

4.4 ISO/IEC 23008-3-based HOA Transport Format modified
for SN3D Normalization (HoaTransportType = 2)

This clause defines Type 2 of the HOA Transport Format (HoaTr ansport Type = 2). Implementation guidelines of
HOA Transport Encoder (TE) and HOA Emission Encoder (EE) defined in clause 4.3.3 also apply for the HOA
Transport Format Type 2.

The ISO/IEC 23008-3 syntax tables [4] are modified for implementing SN3D Normalization. Removing '_E' provides
the same variable name asin the | SO/IEC 23008-3 syntax tables[4].

Table 8: Syntax of HOAConf i g_SN3D

Syntax No. of bits | Mnemonic
HOAConf i g_SN3DX)
NunOf HoaCoeffs_E = (HoaOrder _E + 1 )72; 5 ui e bf
| sScreenRel ative_E; 1 ui nsbf
HOADecoder Conf i g_SN3D( Nunf Tr anspor t Channel s) ;
}
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Table 9: Syntax of HOADecoder Confi g_SN3D

Syntax No. of bits Mnemonic

HOADecoder Conf i g_SN3D( numHOATr anspor t Channel s)
{
M nAnbHoaOr der _E = codedM nAnbHoaOr der _E - 1; 3 ui nsbf
M nNunOf Coef f sFor AvbHOA E = (M nAnbHoaOrder _E + 1)72;
NunmOf Addi ti onal Coders_E = nunHOATr ansport Channel s -
M nNunmCf Coef f sFor AnbHOA _E;

ui e bf
ui msbf
ui nebf

CodedSpati al | nt er pol ati onTi me_E;
CodedVVeclLengt h_E;
HOAFr aneLengt hl ndi cat or _E;

NN W

if( MnArbHoaOrder _E < HoaOrder _E ) {
DiffOrderBits_E = ceil (1 0og2(HoaOrder _E
- M nAnbHoaCrder _E +1));
MaxHoaOr der ToBeTransmitted E = Diff Order _E Di ff OrderB |ui nsbf
+ M nAnbHoaCOr der _E; its_E

el se {
MaxHoaOr der ToBeTransmitted E = HoaOrder E;

}
MaxNunmOf Coef f sToBeTransnitted E =

(MaxHoaOr der ToBeTransmitted_E + 1)"2;
MaxNumAddAct i veAnbCoeffs E =

MaxNunf Coef f sToBeTransnmitted _E

- M nNunmCf Coef f sFor AnbHOA E;

VqConfBits_E =ceil (1 0og2(ceil (I og2( NumOf HoaCoeffs_E+1 ))));
NumvVecVQE!l ement sBit s_E; VqConfBits |ui nebf
E

AmbAsi gnnBits_E = ceil (1 og2( MaxNunmAddAct i veAnbCoeffs_E));

}
NOTE: HOAFranelLengt hl ndi cat or _E = 3 is reserved. CodedVWecLengt h_E = 3 is reserved.

Table 10: Syntax of HOAFr ane_SN3D

Syntax No. of bits | Mnemonic

HOAFr arme_SN3D( )

NumOf VecSi gs_E = 0;
NunmOf AddHoaChans_E = 0;

hoal ndependencyFl ag_E; 1 ui nsbf

for(i=0; i< NumOf Additional Coders_E; ++i){
Channel Si del nf oDat a_SN3D(i ) ;
swi tch Channel Type_E[i] {
case O:
VecSi gChannel | ds_E[ NunOf VecSigs_E] =i + 1;
NunmOf VecSi gs_E++;
br eak;
case 1:
AddHoaCoef f _E[ NumOf AddHoaChans_E] = AnbCoef f 1 dx_FE[i];
NumOf AddHoaChans_E++;
br eak;

}

defaul t:

}

for(i=0; i< NumOf VecSigs_E, ++i){
Wect or Dat a_SN3D ( VecSi gChannel I ds_E(i) );
}
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Syntax No. of bits | Mnemonic
Channel Si del nf oDat a_SN3D(i )
Channel Type_FE[i ] 2 ui nebf
swi tch Channel Type_E[i]
{
case O:
i f (hoal ndependencyFl ag_E) {
i f (CodedWecLength_E == 1){
NewChannel TypeOne_E(Kk)[i]; 1 bsl bf
}
Nbi t sQ E(k)[i] 4 ui nsbf
if (NbitsQE (k)[i] == 4) {
Codebkl dx_E(K)[i]; 3 ui nebf
Numvecl ndi ces_E(K) [1] ++; NumvWecVqg |ui nsbf
} El enent sB
elseif (NbitsQE(K)[i] >= 6) { its_E
PFlag_E(k)[i] = O;
CoFlag_E(K)[i]; 1 bsl bf
}
}
el se{
i f (CodedWecLength_E == 1){
NewChannel TypeOne_E(k)[i] =
(0!'=Channel Type_E(k-1)[i]);
}
bA _E; 1 bsl bf
bB_E; 1 bsl bf
if ((bAE+ bB E) ==
NbitsQE(k)[i] = NoitsQE(k-1)[i];
PFl ag_E(k)[i] = PFlag_E(k-1)[i];
CbFlag_E(k)[i] = CoFlag_E(k-1)[i];
Codebkl dx_E(k)[i] = Codebkldx_E(k-1)[i];
Numvvecl ndi ces_E(K)[i] = NumvWecl ndi ces_E(k-1)[i];
el se{
NbitsQ E(k)[i] = (8*bA_E)+(4*bB_E) +ui nt C_E; 2 ui nebf
if (NbitsQE(K)[I] == 4) {
Codebkl dx_E(k)[i]; 3 ui nebf
Nunmvecl ndi ces_E(k) [i] ++; NumWecVq |ui nsbf
El enent sB
} its_E
elseif (NbitsQE(K)[i] >= 6) {
PFlag E(k)[i]; 1 bsl bf
CoFlag_E(K)[i]; 1 bsl bf
}
}
}
br eak;
case 1:
AddAnmbHoal nf oChannel _N3D(i ) ;
br eak;
defaul t:
}
}
NOTE: Codebkl dx =4 ... 6 are reserved.
Table 12: Channel Type definition
Channel Type:

0:  Vector-based Signal

1. Additional Ambient HOA Coefficient
2. Empty

3. reserved
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Table 13: AddAnbHoal nf oChannel _N3D definition

Syntax No. of bits Mnemonic
AddAnmbHoal nf oChannel _N3D(i)
i f (hoal ndependencyFl ag_E) {
AmbCoef f TransitionState E[i]; 2 ui e bf
AnmbCoef fldx_E[i] = CodedAnmbCoeffldx_E + 1 AnmbAsi gnm |ui nsbf
+ M nNunf Coef f sFor AnbHOA _E; Bits E
}
el se {
i f (AnrbCoef fldxTransition_E == 1) { 1 bsl bf
if (ArbCoeffTransitionState E[i] > 1) {
AnbCoef f TransitionState_E[i] = 1;
AnbCoef f I dx_E[i] = CodedAnbCoeffldx_E + 1 AmbAsi gnm |ui nsbf
+ M nNuntf Coef f sFor AnbHOA E; |Bits_E
el se {
AmbCoef f TransitionState_E[i] = 2;
}
}
el se {
AmbCoeff TransitionState_E[i] = 0;
}
}
}
NOTE: The AnbCoef f | dx_E of the preceding frame is used under the following conditions:

if (AnbCoef f I dxTransiti onState_E==0 || AnbCoef f 1 dxTransiti onState_E==2)
AnbCoef f Transi tionState_ E:
0: No transition (continuous Additional Ambient HOA Coefficient)
1: Fade-in of Additional Ambient HOA Coefficient
2: Fade-out of Additional Ambient HOA Coefficient
3: reserved
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Table 14: Syntax of VWect or Dat a_SN3D

Syntax No. of bits | Mnemonic

Wect or Dat a_SN3D(i )

i f (CodedVWWeclLength E
VWeclLengt hUsed_E =

} else {
WeclLengt hUsed_E =

}

}
}
else if (NoitsQE(K)[i
aval E[i][nm =

}
el se if(NbitsQ E(K)[i]

WecCoef fl dUsed_E = WecCoeffld_E[i];

WecCoef f |l dUsed_E = WecCoef f | d_E;

if (NoitsQE(K)[I] ==4) {
if (NumWweclndices_E(k)[i] == 1) {

Wecl dx_E[0] = Wecldx_E + 1; nbi t sl dx_ |ui nsbf
E
Wei ghtVval _E[0] = ((Sgnval _E * 2)-1); 1 ui nsbf
} else {
Wei ght | dx_E; 8 ui nsbf
for (j=0; j< NunmMveclndices E(k)[i]; ++) {
Wecl dx_E[j] = Wecldx_E + 1; nbi t sl dx_ (ui nebf
if (j<8) { E
WeightVal _E[j] = ((Sgnval _E *2)-1) * 1 ui msbf
Wi ght Val Cdbk_E[ Wi ght I dx_E] [j];
} else {
WeightVval _E[j] = ((Sgnval _E *2)-1) * 1 ui nsbf

Wei ght Val Cdbk_E[ Wi ght | dx_E] [ 6+] %2] ;

for (nmeO; m< Weclengt hUsed E; ++nj{

for (mO0; nmx WeclLengt hUsed_E; ++m){
huf f 1 dx_E = huf f Sel ect (VWecCoef f | dUsed_E[ n],

cid_E = huffDecode(NbitsQE[i], huffldx_E, vl cl bf
huf f Val _E) ; 1..11
aval _E[i][m = 0.0;
if ( cid E>0) { bsl bf
aval _E[i][m = sgn_E = (sgnVal _E * 2) - 1, 1
if (cid E > 1) { ui nebf
aval _E[i][mM = sgn E* (2.07(cid_E -1)
+ i nt AddVal _E); cid_E -1
}
}

== 1) {
WecLengt h_E[i];

WeclLengt h_E;

1 ==5) {
(Vecval E / 128.0) - 1.0; 8 ui msbf

>= 6) {

PFl ag_E[i], CoFlag_E[i]);

The variablesin Table 15 are defined in 1ISO/IEC 23008-3 [4]. Removing '_E' provides the same variable name asin the

|SO/IEC 23008-3 [4].

Table 15: Semantics of HOAConfig_SN3D()

HoaOr der _E

This element determines the HOA order of the coded signal.

NunmOF HoaCoeffs_E

This element determines the number of HOA coefficients of
the coded HOA representation, which is equal to the number
of HOA coefficients to be reconstructed.

| sScreenRel ative_E

This element indicates if the HOA representation shall be
rendered with respect to the reproduction screen size as
described in ISO/IEC 23008-3 [4], clause 18.4.

0: not screen related

1: screen related
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M nAnbHoaCOr der _E

This element determines the minimum HOA order used for the
coding of the ambient HOA representation by

M nAnmbHoaOr der _E = codedM nAnbHoaOr der E - 1.
The value -1 indicates that the number of decorrelated
ambiance coefficients is equal to zero. Thus the HOA
representation is transmitted without a residual ambiance
HOA representation of lower order and all transport channels
have a flexible channel type. The value 6 is used to extend the
HOA order signaling.

M nNunmOf Coef f sFor AmbHOA E

This element determines the minimum number of ambient
HOA coefficients.

NunmOf Addi ti onal Coders_E

This element determines the number of additional transport
channels used for coding the directional and/or additional
HOA coefficients of the ambient component. These transport
channels have a flexible Channel Type_E.

CodedWeclengt h_E

This element indicates the length of the transmitted data
vector used to synthesize the vector-based signals.

MaxHoaOr der ToBeTransmitted E

This element indicates the maximum HOA order of the
additional ambient HOA coefficients to be transmitted.

MaxNunOf Coef f sToBeTransmtted E

This element indicates the maximum number of HOA
coefficients to be transmitted, computed depending on
MaxHoaOr der ToBeTr ansnitted_E.

MaxNumAddAct i veAnbCoeffs_E

This element signals the maximum index for the signaling of
additional ambient HOA coefficients.

VqConfBits_E

This element indicates the number of bits necessary to signal
the element NunvVecVQEl enent sBi ts_E.

NunvWecVQEl enent sBits_E

This element indicates the number of bits used to signal the
element NunWwecl ndi ces_Ein
Channel Si del nf oDat a_SN3DX).

NunmOF VecSi gs_E

This element determines the number of active vector-based
signals in the current HOAFr amre_ SN3DX).

Nunmf AddHoaChans_E

This element determines the total number of additional
ambient HOA channels in the current HOAFr ame_ SN3[DX).

hoal ndependencyFl ag_E

This flag signals that the current frame is an independent
frame that can be decoded without having knowledge about
the previous frame.

Channel Type_E[i]

This element stores the type of the i-th channel which is
defined in Table Channel Type_SN3IX).

VecSi gChannel | ds_E[ NumOf VecSi gs]

This element stores the channel index of each active vector-
based signal of the current frame.

AnbCoef f 1dx_E[1]

This element determines the index of the HOA signal where
channel i contributes to the reconstructed HOA representation.

NewChannel TypeOne_FK[ i ]

This flag indicates if in the previous frame (k-1) the transport
channel was not initialized as a Vector-based Signal.

NDi tSQ E[1]

The Nbi t sQ_E[i] value determines the decoding method of
the V-Vector associated with the Vector-based signal of the
i-th channel. An Nbi t sQ_Ef[i] value of 4 determines the
decoding of a vector-quantized V vector. The value 5
determines the decoding of a uniform 8bit scalar quantized
V-vector. If the value is greater than 5, Huffman decoding of
the V-Vector is determined.

Codebkl dx_E[1]

Signals the specific codebook used to dequantize the vector-
quantized V vector associated with the Vector-based signal of
the i-th channel.

NumvWwecl ndi ces_E(k) [i]

The number of vectors used to dequantize a vector-quantized
V-vector.

PFl ag_E[i]

The prediction flag used for the Huffman decoding of the
scalar quantized V vector associated with the Vector-based
signal of the i-th channel.

CoFl ag_FE[i]

The codebook flag used for the Huffman decoding of the
scalar quantized V vector associated with the Vector-based
signal of the i-th channel.

bA E, bB E

The msb (bA_E) and second msb (bB_E) of the Nbi t sQ_E[i]
field.

uintCE

The code word of the remaining two bits of the Nbi t sQ_E [i]
field.
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AmbCoef f Transi tionState_E[i]

This decoder-internal variable tracks the state of the life-cycle
of an additional ambient HOA coefficient. Those states are
Fade-in, Continuous State, and Fade-out. The

AmbCoef f | dxTr ansi t i on_E signals a change of the state
in the bitstream. When an additional ambient HOA coefficient
is faded in, the CodedAnbCoef f | dx_E word is sent to signal
the new AmbCoef f | dx_E. In all other states, the

AnbCoef f | dx_E of the previous frame is used.

AmbCoef fl dxTransition_E

This element indicates that in this frame an additional ambient
HOA coefficient is either being faded in or faded out. This flag
will update the decoder-internal

AnmbCoef f Tr ansi ti onSt at e_E variable for this transport
channel accordingly.

CodedAnbCoef f1dx_E

This element reads the coded index of the additional ambient
HOA coefficient.

Wec_E(K)[1]

This is the V vector for the k-th frame for the i-th channel.

WeclLengt h_E

This variable indicates the number of vector elements to read
out.

WecCoef fld_E

This vector contains the indices of the transmitted V-vector
coefficients.

VecVal _E An integer value between 0 and 255.

aval _E A temporary variable used during decoding of the
VWect or Dat a_E.

huf f Val _E A Huffman code word, to be Huffman-decoded.

sgnval _E This is the coded sign value used during decoding.

i nt Addval _E This is additional integer value used during decoding.

Wi ght | dx_E The index in i ght Val Cdbk_E used to dequantize a vector-
guantized V vector.

nBitsQ E Field size for reading Wei ght | dx_E to decode a vector-

guantized V vector.

Véi ght Val Cdbk_E

Codebook which contains a vector of positive real-valued
weighting coefficients. Only necessary if Nunvvecl ndi ces_E
is>1.

Wecl dx_E An index used to dequantize a vector-quantized V vector.

nbitsldx_E Field size for reading Wecl dx_E to decode a vector-
guantized V vector.

Wei ght Val _E A real-valued weighting coefficient to decode a vector-

guantized V vector.

The variablesin Table 16 are newly defined for the Type 2 HOA Transport Format.

Table 16: New semantics of HOAConfig_SN3D()

HOAFr aneLengt hl ndi cator _E

Indicates the Frame Length L (number of samples) of the HOA
Spatial Decoding relative to the Core Coder Frame Length as
defined in Table 17.

out put FrameLengt h_E

The number of samples per frame, using the original sampling
frequency.

CodedSpati al I nterpol ati onTi ne_E

This element determines the time of the spatio-temporal
interpolation of the Vector-based directional signals as defined
in Table 18.
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Table 17: Value of HOA frame length L depending on HOAFr aneLengt hl ndi cator _E
and out put FraneLengt h_E

outputFrameLength_E s HOAlFrameLen thlndlcatzor E -
768 768 samples 768 samples 768 samples reserved
1024 1 024 samples 1 024 samples 1 024 samples 20 ms*
2048 2 048 samples 1 024 samples 1 024 samples reserved
4 096 4 096 samples 2 048 samples 1 024 samples reserved
N ms* = ceil ((sampling frequency * N)) in samples
Table 18: Decoding of CodedSpati al I nt er pol ati onTi me_E
CodedSpati al I nterpol ati onTi ne_E
L 0 1 2 3 4 5 6 7
768 0 32 64 128 256 384 512 768
1024 0 64 128 256 384 512 768 1024
2048 0 128 256 512 768 1024 1536 2048
20 ms* 0 1,25 ms 2,5ms 5ms 7,5ms 10 ms 15 ms 20 ms
N ms* = ceil((sampling frequency * N)) in samples

Due to the signal normalization of SN3D the following decoder configuration is required:

e  Todecorrelate the first MinNumOfCoeffsForAmbHOA coefficients of the ambient HOA component the
Ambience Synthesis processing includes an inverse spatial transform based on the mode matrix ¥'. This mode

matrix shall be SN3D normalized.

e  When decoding vector-quantized V-vectors, a V-vector is represented by a weighted summation of the V-
vector code vectors. These code vectors shall be SN3D normalized.

4.5 V-vector based HOA Transport Format
(HoaTransportType = 3)

This clause defines the V-vector based HOA Transport Format (VHTF) (HoaTr ansport Type = 3).
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Figure 5: VHTF representation of HOA

Asshown in Figure 5, VHTF is composed of audio signals, {4;}, and the associated V-vectors, {V;}. An input HOA
signal, H, can be approximated by:
H =35 A"

where an i-th V-vector, V;, is the spatia representation of the i-th audio signal, 4;. N isthe number of transport
channels. The dynamic range of each V; isbound by [-1, 1]. Examples of V-vector based spatial representation are given
in Figure 6.

Figure 6: Examples for different spatial beam representations that can be expressed by V-vectors
VHTF can also represent an original input HOA, which means H =H, in the following conditions:
. if V; hasall zero elements but a value of one at an i-th element index, i.e. [0 0 -+ 1 -+ 0]7;

. and if A; isthei-th HOA coefficients.

Thus, VHTF can represent both pre-dominant and ambient sound field elements.
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Asshownin Table 19, the HOAFrame WecTr ansport For mat () holds the information that is required to decode
the L samples (HoaFr aneLengt h in Table 1) of an HOA frame.

Table 19: Syntax of HOAFr ane_\WecTr ansport For mat ()

Syntax No. of bits Mnemonic
HOAFr ane_WecTr anspor t For mat ()
{
WectorBits = codedWect or Bi t Dept h*2+2; 3 ui e bf
PriorityBits = ceil (|l og2( NumCf Transport Channel s));
for (i=0;i<Nunf Transport Channels;i++) {
prioritydfTdi]; PriorityBits |ui msbf
interpolationOTCi]; 1 bsl bf
for (j=0;j<NunmCf HoaCoeffs; j++)({
Wector[i][j]=((WecVal +1)*2"*(1-WectorBits))-1.0; WectorBits ui mebf
}
}
}
Table 20: Semantics of HOAFr anme_WecTr ansport For mat ()
Nunf Tr anspor t Channel s This element contains information about the number of transport channels
defined in Table 1.
codedWect or Bi t Dept h This element contains information about the coded bit depth of a V-vector.
NunOf HoaCoef f s This element contains information about the number of HOA coefficients defined
in Table 1.
WectorBits This element contains information about the bit depth of a V-vector.
PriorityBits This element contains information about the bit depth of HOA transport channel
priority.
prioritydfTqi] This element contains information about the priority of the i-th transport channel

(the channel with a lower priority value is more important, thus the channel with
priorityOfTC]i] = 0 is the channel with the highest priority).
interpolationOTc[i] This flag indicates for i-th transport channel if the spatio-temporal interpolation
with the VVector]i] of the previous frame shall be performed
(i nter pol ati onOf Tc[i]=1). If i nt er pol at i onOf Tc[i]=0, no spatio-temporal
interpolation shall be performed. This spatio-temporal interpolation for an n-th
frame and an i-th transport channel is performed as:

Hi(n) = (Win ' Ai(n))ViT(n) + (Waut ' Ai(n))ViT(n -1
where wy, and w,,,; are the fade-in and fade-out windows as defined as:

l
wi, =0,5 [1 — COos (ZTL')] l=1]0,..,L—-1]

I+L
Woyt = 0,5|1 — cos (—n)] l=1o0,..,L—1].

L
WecVal An integer value between 0 and 2VvectorBits_1,
Wector[i][j] This element contains information about a vector element representing spatial

information. Its value is bounded by [-1,1].

5 HOA Transport Format Audio Stream

5.1 Introduction

This clause defines an HOA Transport Format Audio Stream (HTFAS) which is a self-contained audio stream format to
transport HTF data. Similar to MPEG-H 3D audio stream (MHAS), the transport mechanism uses a packetized
approach [4]. Both, configuration data as well as coded payload data is embedded into separate packets.
Synchronization and length information is added to enable a self-synchronizing syntax.
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5.2 Syntax of HOA Transport Format Audio Stream

In Tables 21, 22 and 23, the syntax elements of HTFAS are defined. In Table 24, the corresponding semantics of
HTFAS is defined.

Table 21: Syntax of HOATransportFormatAudioStream()

Syntax No. of bits Mnemonic
HOATr ansport For mat Audi oSt rean()
{
while (bitsAvailable() !'=0) {
HOATr anspor t For mat Audi oSt r eanPacket () ;
}
}
Table 22: Syntax of HOATransportFormatAudioStreamPacket ()
Syntax No. of bits Mnemonic
HOATr anspor t For mat Audi oSt r eanPacket ()
{
HTFASPacket Type = escapedVal ue( 3, 8, 8); 3,11,19 uimsbf
HTFASPacket Label = escapedVal ue(2, 8, 32); 2,10,42 uimsbf
HTFASPacket Lengt h = escapedVal ue( 11, 24, 24); 11,35,59 uimsbf
HTFASPacket Payl oad( HTFASPacket Type) ;
}
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Table 23: Syntax of HTFASPacketPayload ()

Syntax No. of bits Mnemonic

HTFASPacket Payl oad( HTFASPacket Type)
{
swi tch (HTFASPacket Type) {
case HTF_PACTYP_SYNC.
OxA5; /* syncword */ 8 ui nsbf
br eak;
case HTF_PACTYP_HTFCFG
HoaTr ansport Type; 5 ui msbf
HOATr anspor t For mat Conf i g( HoaTr ansport Type) ;
br eak;
case HTF_PACTYP_HTFFRAME:
HOATr ansport For mat Fr ane( HoaTr ansport Type) ;
br eak;
case HTF_PACTYP_FI LLDATA:
for (i=0; i< HTFASPacketLength; i++) {
htfas_fill_data_byte(i); 8 bsl bf
}

br eak;

case HTF_PACTYP_SYNCGAP:
syncSpaci ngLengt h = escapedVal ue(16, 24, 24); 16, 40, 64 ui msbf
br eak;

case HTF_PACTYP_CRCLG6:
ht f asPari t yl6Dat a; 16 bsl| bf
br eak;

case HTF_PACTYP_CRC32:
ht f asPari t y32Dat a; 32 bsl bf
br eak;

case HTF_PACTYP_DESCRI PTOR:
for (i=0; i< HTFASPacketLength; i++) {

ht f as_descri ptor_data_byte(i); 8 bsl bf

}

br eak;
case HTF_PACTYP_AUDI OTRUNCATI ON:
i sActi ve_AUDI OTRUNCATI ON; 1 bool
if (isActive_AUD OTRUNCATI ON) {
truncFronBegi n; 1 bool
nTruncSanpl es; 13 ui msbf
}

br eak;

}
Byt eAlign();

NOTE: A packet with HTFASPacketType 'HTF_PACTYP_HTFCFG' should be transmitted before packets with
HTFASPacketType 'HTF_PACTYP_HTFFRAME'.

Table 24: Semantics of HOATransportFormatAudioStream()

HTFASPacket Type This element contains information about the payload type in the actual
packet. A decoder which does not support a certain HTFASPacketType
shall skip this packet and continue with the next packet. The values of
HTFASPacketType are given in Table 25.

HTFASPacket Label This element contains information about an indication of which packets
belong together.

HTFASPacket Lengt h This element contains information about the length of the
HTFASPacket Payl oad () in Bytes.

HoaTr ansport Type This element contains information about the HOA transport mode:

0: HOA coefficients as defined in Table 1.

1: ISO/IEC 23008-3 [1] to [4] based HOA Transport Format as
defined in clause 4.3.

2: Modified ISO/IEC 23008-3 [1] to [4] based HOA Transport Format
for SN3D normalization as defined in clause 4.4.

3: V-vector based HOA Transport Format as defined in clause 4.5.
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ht f Ti neSt anp

This element contains information about the time stamp.

HOATr anspor t For mat Confi g()

An HTF configuration structure as defined in Table 1.

HOATr anspor t For mat Fr ane()

An HTF frame payload as defined in clauses 4.2, 4.3, 4.4 and 4.5.

htfas_fill_data_byte

8-bit data elements, no restrictions apply.

syncSpaci ngLengt h

This element contains information about the length in Bytes between the
last two packets with HTF_PACTYP_SYNC.

ht f asPari tyl6Dat a

This element contains information about a 16-bit field that contains the
CRC value that yields a zero output of the 16 registers in the decoder
with the polynomial:

x4+ x5 +a5+1
and the initial state of the shift register of OxFFFF.

ht f asPari t y32Dat a

This element contains information about a 32-bit field that contains the
CRC value that yields a zero output of the 32 registers in the decoder
with the polynomial:

B A e B e i i P AL A U A b 2 |
and the initial state of the shift register of OXFFFFFFFF.

htfas_descri ptor_data_byte

This element contains information used to embed MPEG-2 TS/PS
descriptors in the streams. Data conveyed as

ht f as_descri pt or _dat a_byt e has the same syntax and semantics
as defined for descriptor() in ISO/IEC 13818-1 [5].

i sSAct i ve_AUDI OTRUNCATI ON

If 1 the audio truncation message is active, if 0 the decoder should
ignore the message.

truncFronBegi n

If 0 truncate samples from the end, if 1 truncate samples from the
beginning.

nTruncSanpl es

number of samples to truncate.

Byt eAli gn() Up to 7 fill bits to achieve byte alignment with respect to the beginning of
the syntactic element in which ByteAlign() occurs.
Table 25: Value of HTFASPacketType
HTFASPacketType Value
HTF_PACTYP_FI LLDATA 0
HTF_PACTYP_HTFCFG 1
HTF_PACTYP_HTFFRAMVE 2
/* reserved */ 3-5
HTF_PACTYP_SYNC 6
HTF_PACTYP_SYNCGAP 7
/* reserved */ 8
HTF_PACTYP_CRC16 9
HTF_PACTYP_CRC32 10
HTF_PACTYP_DESCRI PTOR 11
/* reserved */ 12-16
HTF_PACTYP_AUDI OTRUNCATI ON 17

/* reserved */

18 - max value

5.3
Stream

Application Examples of HOA Transport Format Audio

A simple broadcast can be implemented as shown in Figure 7.

SYNC

A 4

CONFIG

—>» FRAME —» FRAME FRAME

-

-

Figure 7: HTFAS - Example 1

Asin[1] to [4], then embedding HTFAS into MPEG-2 Transport streams, fast synchronization to a stream at random
access pointsis most important, while bitrate overhead is usually less critical. To improve synchronization to the
stream, packets of type HTF_PACTY P_SYNC may be embedded more frequently and in addition the
HTF_PACTYP_SYNCGAP type may also be embedded. Figures 8 and 9 indicate some possible solutions.
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T SYNC » CONFIG —» SYNC [—» FRAME |[...—> SYNC |—» FRAME 4—‘
Figure 8: HTFAS - Example 2
SYNC » SYNCGAP CONFIG »  SYNC »  FRAME . —>  SYNC P

FRAME 4—‘

Figure 9: HTFAS - Example 3
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Annex A (informative):
Example guidelines for implementing HOA transport over
SDI utilizing communications modem technologies

This annex presents guidelines about HOA transport over Serial Digital Interface (SDI) utilizing communications
modem technologies[i.1]. Thisannex gives an example with Type 1 of the HOA Transport Format

(HoaTr ansport Type = 1), but it does not have to be limited by this HOA Transport Format. In atypical broadcast
workflow, the use of single High-Definition SDI (HD-SDI) link has alimitation of being able to transport only 16
Pulse-Code Modulation (PCM) audio embedded channels. This restricts the transport to a maximum of 3 order HOA
signals (requiring 16 PCM channels) - and that, only if there are no additional data to be transported. If additional audio
elements are to be transported, only a maximum of 2" order HOA (requiring 9 PCM channels) can be transported.

Remote Truck
SDI
HOA transport encoder (TE) 1o Contribution Encoder (CE)
HOA - MPEG-H
Input N audio audio o
» Contribution o=
HOA Mod = DeMod
T info info
T MPEG-2 or MMT
mpegh3daConfig Monitoring unit or DASH/ROUTE

Network Operation Center (NOC) .
Contribution Decoder (CD) A Contribution Encoder (CE)
MPEG-H - - MPEG-H
Contributi audio audio Contributi
ontribution ontribution | st
1
Decoder Sde Mod DeMod |——>Side Encoder
info info MPEG-2 or MMT
or DASH/ROUTE
Monitoring unit
Local Affiliate Bit rate and independency flag User end
SDI
Contribution Decoder (CD) Emission Encoder (EE) ¥
15 MPEG-H
MPEG-H i udie”|  MPEGH Ermice
udi mission ||
| | Contribution — 1 Emission ety 5 I (Ij > Output
H r
Decoder - Mod DeMod Sid Encoder ! ecoae
Side iae ! (ED)
info info i
Monitoring unit

MPEG-2 or MMT
or DASH/ROUTE
(OTA or OTT)

Figure A.1: Block diagram of broadcast chain type-I that transports HOA signals (for simplicity,
conversion modules from/to MPEG-2 or MMT or DASH/ROUTE are not described)

The block diagram of broadcast chain that transports N-channel HOA signalsis shown in Figure A.1.

At aremote truck, the HOA transport encoder converts the N-channel HOA input coefficientsinto 16 PCM audio
channels. The HOA transport encoder consists of the HOA encoder and Side-info modulation block:

. The HOA encoder encodes the HOA input signal into the HOA transport audio signals and the HOA Side-info.
More detailed description can be found in clause C.5 of [2].

. For error protection in SDI transmission, the HOA Side-info is modulated with communications modem
technologies into a PCM control track signal that fitsinto the audio signal bandwidth.

. A combination of the HOA transport audio signals and the modulated HOA Side-info signal is called as HOA
transport format for SDI transmission. In Figure A.1, 15 audio streams and a single Side-info stream are
transported through HD-SDI.
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At the contribution encoder, a demodulation block converts the modulated Side-info PCM data into the HOA Side-info
binary data. The HOA Side-info and the 15 audio streams are provided to the MPEG-H 3DA contribution encoder as
input signals. As described in the section 4.7 of [1], the Contribution Mode of MPEG-H 3DA specifies a generic
transport mechanism for audio signals with accompanying metadata. It is designed to be unaware of the signal type and
of the content and structure of the associated metadata. A value of speakerLayoutType == 3 in the signaling of the
referenceLayout in the mpegh3daConfig() indicates that MPEG-H 3D audio shall operate in Contribution Mode. In
Contribution Mode, the rendering context shall operate in a pass-through mode. Then, MPEG-2 TS, MMT, or
DASH/ROUTE can be used as a transport format between a remote truck and a network operating centre (NOC). This
conversion is not described in Figure A.1 for simplicity.

At NOC, the contribution decoder reconstructs the HOA transport format for SDI transmission. Between the
contribution decoder and encoder at NOC, several operations can be performed including program switching and
monitoring.

At local affiliate, the contribution decoder also reconstructs the HOA transport format for SDI transmission. The HOA
emission encoder is depicted in Figure A.2. Emission bit-rate and hoal ndependencyFlag are determined at the emission
encoder. Based on a given emission bit-rate:

1) asubset of audio channelsis selected for MPEG-H 3DA core coding; and
2) asubset of HOA Side-info is selected for transmission.

Then, the bit-stream generated from the MPEG-H 3DA core encoder will be transmitted to the users with over-the-top
(OTT) streaming services or over-the-air (OTA) TV services.

Emission Encoder

Audio Selecting Audio
subset of MPEG-H
audio Daudi
channels 3Daudio » Bitstream
and side core
o info encoder
Side info| Side info
7Y

Emission bitrateandindependency flag
Figure A.2: Block diagram of HOA emission encoder

For example, a 6™ order HOA input can be transported from aremote truck to alocal affiliate as follows:

1) Ataremotetruck, the HOA encoder converts the input 49 PCM channelsto the HOA transport format for
SDI, which contains 13 HOA transport audio signals along with asingle HOA Side-info. The HOA Side-info
binary datais modulated into a PCM channel. The 16 channel HD-SDI can carry these (13+1) PCM channels
and 2 empty channels to the contribution encoder.

2)  The contribution encoder demodulates Side-info data, which are encoded with MPEG-H 3DA contribution
mode.

3) Atthe NOC and local affiliates, the contribution decoder reconstructs the 16 SDI channel PCM data. The
contribution encoder demodul ates Side-info data, which are encoded with MPEG-H 3DA contribution mode.

4)  Theemission encoder controls the emission bit rate, hoal ndependencyFlag, and the number of transport
channels for the emission to the users. If hoal ndependencyFlag == 1 then the present frame shall be
independently decodable. From 16 channels, 13 transport audio channels and 1 demodulated control data are
extracted. Based on the configuration (e.g. emission bit rate, hoal ndependencyFlag) at the emission encoder, a
subset of audio channelsis selected for core encoding and a subset of the HOA sideinfo is selected as an HOA
control data. Bit-stream packetization is followed for final emission.
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Annex B (informative):
Example guidelines for HOA production

This annex provides example guidelines for HOA production. This annex gives an example with Type 1 of the HOA
Transport Format (HoaTr ansport Type = 1), but it does not have to be limited by this HOA Transport Format.

HOA Content Production Device

2
>
=]

Remote Truck

HOA transport encoder (TE) M Contribution Encoder (CE)
HOA -
Input audio ' 1‘ audio
HOA -
Encoder side _Slde
f info info
I - N
mpegh3daConfig »{ Monitoring unit

MPEG-H
Contribution e
Encoder

MPEG-2 or MMT

or DASH/ROUTE

— Output

Network Operation Center (NOC) spI
Contribution Decoder (CD) ﬁ/l\ Contribution Encoder (CE)
MPEG-H . ; MPEG-H
audio audio o
=t Contribution [ ' 1 ‘ [ Contribution | =
Decoder Side 1 Mod | DeMod [~gqe ™ Encoder
info info MPEG-2 or MMT
or DASH/ROUTE
Monitoring unit
Local Affiliate soI Bitrate andindependency flag User end
Contribution Decoder (CD}) /N\ Emission Encoder {(EE} ' VIPEGH
MPEG-H . - MPEG-H i
o audio audio . Emission
== Contribution 1 Emission | Decoder
Decoder - Mod | DeMod |—3 Encoder
Side \de (ED)
info info
Monitoring unit

Figure B.1: Block diagram of HOA Content Production

MPEG-2 or MMT
or DASH/ROUTE
(OTA or OTT)

Figure B.1 shows the block diagram of the HOA content production workflow. The HOA encoder can be placed outside
the broadcast chain. In this case, the HOA transport format can be generated at an HOA content production device, such
asamicrophone or adigital audio workstation (DAW), and can be fed into the contribution encoder at the remote truck.
The Side-info data modulation is an optional step depending on the input channel to the contribution encoder.
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