avtcore HS Yang

I nternet-Draft X. de Foy
I ntended status: Standards Track InterDigita
Expires: 29 January 2026 28 July 2025

RTP Payl oad Format for V-DMC
draft - hsyang- avt core-rt p-vdnc- 04

Abst r act

This meno outlines RTP payload formats for the Video-based Dynam c
Mesh Codi ng (V-DMC), which conprises several types of components,
such as a basenesh, AC-based displacenents, 2D representations of
attributes, and an atlas. This document focuses on describing the
basenesh and di spl acenent, while the RTP payload formats for the
atlas and attributes are addressed in other documents. The RTP
payl oad header formats enabl e the packetization of a basenesh or

di spl acenment Network Abstraction Layer (NAL) unit in an RTP packet
payl oad as well as fragnentation of a NAL unit into nmultiple RTP
packets.
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1. Introduction

The advancenents in 3D capture, nodeling, and rendering have greatly
expanded the presence of 3D content across various platfornms and
devi ces. However, when | eft unconpressed, 3D content can incur
consi derabl e costs in terns of storage and transni ssion

In response to this challenge, a visual volunetric video-based coding
(V3C) standard [ISO | EC. 23090-05] has been devel oped to cater to the
growi ng demand for efficient handling of 3D content. V3Cis a
generic mechanismfor volunetric video coding, and it can be used by
applications targeting volunetric content. A high-Ilevel description
of V3Cis provided by [I-D.ietf-avtcore-rtp-v3c]. V3C applications
today target volumetric data types such as point clouds wth Video-
based Poi nt C oud Conpression (V-PCC)J[ISO. | EC 23090-05] and i mersive
video with depth, with MPEG | nrersive Video (MV) [ISO | EC. 23090-12].

3D nesh is another widely utilized technol ogy for representing

i mersive content. 3D neshes are continuously evolving to becone nore
sophi sticated, inevitably leading to an increase in nmesh size.

Addi tionally, dynam c mesh sequences demand substantial data vol unes
due to the significant anount of tenporal information they contain.
Wth respect to this evolution, the V-DMC standard has been devel oped
to facilitate the conpression of 3D nesh data using the V3C standard
[1SO | EC. 23090- 05] .

V-DMC is a V3C application which consists of several V3C sub-
components: Atlas, Attributes, Basenesh, and AC- based D spl acenent.
The RTP payloads for the Atlas and Attributes sub-conponents are
described in [I-D.ietf-avtcore-rtp-v3c], which defines an RTP payl oad
format for the Atlas sub-conponent, and refers to existing 2D video
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RTP payl oad formats for attributes. |In contrast, the Basemesh sub-
component in V-DMC utilizes a new codec defined in appendi x H of
[1SO I EC 23090-29], requiring the definition of a new RTP payl oad.
The AC-based di spl acenment sub-conponent may be coded using Arithnetic
Coding (AC) as specified in appendix J of [ISO |IEC 23090-29], thus
requiring the definition of a new RTP payl oad for AC- based

di spl acenment. The di spl acenent sub-conponent may alternatively be
coded using a 2D video codec, and in this case may be transported
usi ng 2D video RTP payload formats, (e.g., [RFC9328], [RFC7798]).
Therefore, this nmeno descri bes RTP payl oad headers for the basenesh
codec and the AC-based di spl acenent codec defined by MPEG in

[1SO | EC. 23090-29] (appendix H and J, respectively).

Furt hernmore, the basenesh and AC-based di spl acenent RTP payl oad
formats defined in this neno, and their codecs defined in

[1SO | EC 23090-29] appendix H and J respectively, can also be used in
a non-V-DMC context. This document foll owed recomendations in

[ RFC8088] and [RFC2736] for RTP payload format writers.

2. Conventions
The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [RFCB174] when, and only when, they appear in al
capital s, as shown here

3. Definition, and abbreviations

3.1. Cenera
Thi s docunent uses the definitions of the Video-based dynam c nesh
coding [ISO I EC 23090-29]. Sone of these ternms are provided here for
conveni ence.

3.2. Definitions fromthe V-DMC specification

The followi ng definitions are added to the ones found in section
3.1.2 of [I-D.ietf-avtcore-rtp-v3c].

attribute map : inage for mapping an attribute into a surface of 3D
shape.

basenesh: a sinplified | owresol uti on approxi mati on of the origina
mesh.

di spl acenment : a set of 3D vectors that are added to the vertices of
the subdivided nmesh to approximate closely the input nesh surface.
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subrmesh : independently decodabl e regi on of a basenesh

subdi vision : process of dividing the nesh faces into a nunber of
sub- f aces

3.3. Abbreviation

The foll owi ng abbreviations are added to the ones found in section
3.2 of [I-D.ietf-avtcore-rtp-v3c].

BVD Basenesh Dat a

CDS Coded Di spl acenent Sequence

CBMS Coded BaseMesh Sequence

LOD Level O Detail

V- DMC Vi deo- based Dynani ¢ Mesh Codi ng
4. V-DMC format Description
4.1. Overview of V-DMC (infornative)

V-DMC is a V3C application, which uses the framework described in
section 4 of [I-D.ietf-avtcore-rtp-v3c]. As such, a V-DMC encoder
converts a 3D representation into nmultiple representations, the V3C
conponents, and generates associated data, the atlas, which docunents
this conversion and enabl es the reconstruction of the 3D
representation by a decoder

The ot her V3C conponents used in V-DMC are a basemesh, AC-based

di spl acenent, and attributes providing properties such as nmesh and
connectivity information, vertex displacenent information and texture
or material information respectively. Figure 1 represents the 4
types of V3C conponents altogether used in V-DMC, including these V3C
vi deo conmponents and the V3C atlas conponent.

The basenmesh component represents a sinplified version of the
detail ed nesh describing the object. The sinplified nesh can be
encoded using any nesh codec. [I1SO. |IEC 23090-29] defines a static
mesh codec that can used by the generic nmechani smof the basenesh
codec defined in [I1SO | EC 23090-29]. The AC-based di spl acenent
component provi des di spl acenent information which should be applied
to the subdivided basemesh to obtain adetail ed nesh. The

di spl acenment conponent can be encoded either using an arithnetic

di spl acenment codec described in [I1SO | EC. 23090-29], or alternatively
it can be encoded as a V3C geonetry video conmponent i.e., V3C G/D
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usi ng any 2D video codec, indicated by the profile or using an SEl
message. The attribute conmponents can provi de additional properties
such as texture or material information and can be encoded by any

vi deo codec. Atlas conponent provides information to a V3C decodi ng
and rendering systemon how to performinverse reconstruction. The
atl as conmponent codec is described in [ISO |EC. 23090-05] and an
extension of the V3C atlas codec for V-DMC i s described in

[1SO | EC 23090-29].

A + Atl as A +
| Atl as | sub-bitstreamn Atl as |
| encoder I >| decoder |
T + T +
R + BaseMesh R +
| BaseMesh | sub-bitstrean] BaseMesh |
| encoder | ------------ >| decoder |
Fom ek + Fom ek +
A + Di splacement +------------ +
| Di spl acenment| sub-bitstrean D spl acenent |
| encoder I >| decoder |
R + R +
A + Attribute A +
| Vi deo | sub-bitstreamn Vi deo |
| encoder I >| decoder |
T + T +

Figure 1: V-DMC streanming structure

Simlarly to other V3C applications, in V-DMC, the binary formof the
V3C conponents, i.e., video bitstreans, basenesh bitstream and V3C
atl as conponent, i.e., atlas bitstream can be grouped and
represented by a single V-DMC bitstream The V-DMC bitstreamis
composed of a set of V3C units. Each V3C unit has a V3C unit header
and a V3C unit payload. The V3C unit header describes the V3C unit
type for the payload. V3C unit payl oad contains V3C video
components, V3C non-video conponents such as basenmesh and AC-based
di spl acenment, V3C atlas conmponent or a V3C paraneter set. V3C
components, i.e., basenesh, displacement, or attribute components,
correspond to NAL-based data units (e.g., NAL units for basenmesh and
AC- based di spl acenent are defined in [1SO | EC 23090-29]). The NAL
units for attribute and vi deo-based di spl acenent are defined in

t herespective specification that could be decoded by appropriate
decoders. An exanple of V-DMC bitstream consisting of a V3C
paraneter set, atlas bitstream one video conponent bitstream
(attribute) and two non-vi deo conponent bitstreans(basenesh

di spl acenment) is provided in Figure 2
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Fi gure 2: Example of V-DMC bitstream
4.2. V3C Paraneter set for V-DMC

The V3C paranmeter set(VPS) is encapsulated in its own V3C unit, which
al | ows decoupling the transm ssion of the V3C paraneter set fromthe
V3C vi deo, non-video and atlas conponents. The VPS may be
transmtted by external neans (e.g., as a result of the capability
exchange) or through a (reliable or unreliable) control protocol
Section 9 of [I-D.ietf-avtcore-rtp-v3c] provides information on how a
V3C paraneter set may be signaled as part of session description

pr ot ocol

V-DMC, since it is a V3C application, uses the V3C paraneter set and
extends it with additional paranmeters, defined in [ISO | EC. 23090-29].
Section 9 of this meno provides information on these additiona
paraneters and their signaling in SDP. V3C paraneter set signaling
in V-DMC may include V3C paraneters described in section 9 of
[I-D.ietf-avtcore-rtp-v3c] and in the section 9 of this neno.

4.3. Atlas, Video and non-Vi deo Conponents for V-DMC (informative)

In a V-DMC bitstreamthe atlas conponent is identified by a
vuh_unit_type field equal to V3C_AD, in the V3C unit header. The

atl as component consists of atlas NAL units that define header and
payl oad pairs, see Section 4.3.1. V-DMC video conponents are
identified by a vuh_unit_type field equal to V3C GVD or V3C AVD. The
base nmesh information is present in a non-video conponent identified
by V3C BMD, which consists of basenmesh NAL units that define header
and payl oad pairs, see Section 5.3. The AC based displ acenent
information is present in a non-video conmponent identified by

V3C _ADD. The conponent identified by V3C ADD consi sts of

di spl acement NAL units that define header and payl oad pairs, see
Section 6.3. The V3C video attribute conponents with vuh unit_type
V3C AVD can be further differentiated by other fields in the V3C unit
header such as vuh_attribute_index, vuh_attribute_partition_index,
vuh_map_i ndex and vuh_auxiliary_video_flag, which are described
further below. By mapping V3C parameter set information to
vuh_attribute_index, a V3C decoder identifies which attribute a given
V3C vi deo conponent contains, e.g., color
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The information supplied by a V3C unit header should be provided in
one formor another to a V3C decoder, e.g., as part of SDP as
described in this meno in Section 9 or in-band. The four-byte V3C
unit header syntax and semantics are copied below as defined in
[1SO | EC. 23090-29], but the syntax is subject to change

I mpl enent ati ons shoul d always refer to the |latest specification of
[1SO 1 EC 23090-29]. The syntax of four-byte V3C unit header is
provi ded here for informative purposes only.

v3c_unit_header( ) {

unsi gned int(5) vuh_unit_type;

i f( vuh_unit_type == V3C AVD || vuh_unit_type == V3C GVD |
vuh_unit_type == V3C_OVD || vuh_unit_type == V3C _AD |
vuh_unit_type == V3C CAD || vuh_unit_type == V3C PVD ||
vuh_unit_type == V3C BMD || vuh_unit_type == V3C_ADD){
unsi gned int(4) vuh _v3c_paraneter_set id;

}

i f( vuh_unit_type == V3C AVD || vuh_unit_type == V3C GVD |
vuh_unit_type == V3C_OVD || vuh_unit_type == V3C _AD |
vuh_unit_type == V3C PVD || vuh_unit_type == V3C BMD) ||
vuh_unit_type == V3C ADD ) {
unsigned int(6) vuh_ atlas_id;

}
i f( vuh_unit_type == V3C AVD ) {
unsigned int(7) vuh_attribute_index;
unsigned int(5) vuh_attribute_partition_index;
unsi gned int(4) vuh_nmap_i ndex;
unsigned int(1) vuh auxiliary video flag;
}
else if( vuh_unit _type == V3C GVD ) {
unsi gned int(4) vuh_map_i ndex;
unsigned int(1l) vuh_auxiliary_video_flag;
bit(12) vuh_reserved_zero_12bits;

}
else if( vuh_unit _type == V3C OVD || vuh_unit_type == V3C AD ||
vuh_unit_type == V3C_PVD || vuh_unit_type == V3C BM |
vuh_unit_type == V3C _ADD) {
bit(17) vuh_reserved_zero_17bits;

}
else if( vuh_unit_type == V3C CAD ) {
bit(23) vuh_reserved_zero 23bits;

el se {
bit(27) vuh_reserved_zero_27bits;
}

}
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vuh_unit_type indicates the V3C unit type for the V3C conponent as
specified in [ISO | EC. 23090-29]. As a conveni ence, the mapping table
fromvuh_unit_type values to semantics is copied belowin Figure 3.

T S o e e e e o s Fom e e e e a e e oo +
| vuh unit]ldentifier| V3C unit type | Descri ption |
| type | I I I
B Fomm e e e oo o e e e e e i e o o m e e e e e e e aao o +
| 0 | V3C_VPS | V3C paraneter set | V3C | evel parameters |
E N o e e e o - e +
| 1 | V3C AD | Atlas data | Atlas infornmation |
T S o e e oo e e e e e oo +
| 2 | V3C_OvD | Cccupancy video data (Not used in V-DMC) |
B Fomm e e e oo o e e e e e i e o o m e e e e e e e aao o +

3 V3C GVYD | Ceonetry video data | Di spl acenent information]|

|

| | | (Di spl acement when |
I | | using a vi deo- based |
|

| | codec) |
Fommmaa - T I T +
| 4 | V3C_AVD |Attribute video data] Attribute information |
Fomm oo TS o e e e o e e e e e e e e oo o - +
| 5 | V3C_PVD | Packed video data | (Not used in V-DM) |
S I Focmmnaaann e +
| 6 | | Common atlas data |Information that is |
| | | | common for atlases |
| | V3C _CAD | |[in a CvS(Specified in |
| | | | 1S | EC 23090- 12) |
S SRR TS o e e e e oo o e e e e e e oo oo oo +
| 7 | V3C BMD | Basenesh data | Basenesh information |
S ememmaaaa - T +
| | VBCADD | Arithnmetic coded |Displacenment infornation|
| 8 | | displacenent data | |
Fomm oo TS o e e e o e e e e e e e e oo o - +

Figure 3: V3C conponent for V-DMC

vuh_v3c_paraneter_set_id specifies the val ue of
vps_v3c_parameter_set _id for the active V3C VPS.

vuh_atlas _id specifies the ID of the atlas that corresponds to the
current V3C unit.

vuh_attribute_index indicates the index of the attribute data carried
in the Attribute Video Data unit.

vuh_attribute partition_index indicates the index of the attribute
di mension group carried in the attribute video data unit.
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vuh_map_i ndex when present indicates the map i ndex of the current
geonetry or attribute stream \Wen not present, the nmap i ndex of the
current geonetry or attribute sub-bitstreamis derived based on the
type of the sub-bitstream

vuh_auxiliary_video_flag equal indicates if the associated geonetry
or attribute video data unit is a RAWand/ or EOM coded poi nts video
only sub-bitstream

4.3.1. Atlas NAL units

The atl as conponent provides information to a V3C decodi ng and/ or
rendering systemon how to performinverse reconstruction. V-DMC
uses an atlas conponent based on the V3C atlas, including new V-DMC
specific paranmeters defined in [ISO | EC 23090-29], which do not

i npact the payload format. For exanple, the V-DMC atl as conponent

i ndi cates how to performthe subdivision of the basenmesh, how to
apply the AC-based displ acenent information to the subdivi ded nmesh
vertices and how to apply attributes to the reconstructed nesh.

The V3C atlas RTP payl oad format described in [ISO I EC 23090-05] can
be used to transport the V-DMC atlas conponent. Section 4.3.2 of
[I-D.ietf-avtcore-rtp-v3c] includes a copy of the syntax and
semantics of the V3C atlas NAL unit.

4. 3. 2. Basemesh NAL units

The basenesh conponent is a sinplified | owresol ution approxi nation
of the original nmesh. The basenesh conponent can be encoded using
any nesh codec, including the basenmesh codec described in

[1SO I EC. 23090-29]. When enpl oyi ng the basenesh codec described in
[1SO I EC. 23090-29], data can be transmitted using the RTP payl oad
format specified in Section 5

The basermesh NAL unit (nal _unit(BmNunBytesinNal Unit)) is a byte-

al i gned syntax structure defined by [ISO I EC 23090-29] to carry base
mesh data. A basemesh NAL unit always contains a 16-bit NAL unit
header (bmesh_nal _unit_header()), which indicates anong other things
the type of the NAL unit (bmesh_nal unit_type). The payload of a NAL
unit refers to the NAL unit excluding the NAL unit header. The
basenesh NAL unit syntax and semantics are copied here as defined in
[1SO | EC. 23090- 29] .
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bmesh_nal _unit_header( ) {
bit(1) bmesh_nal forbidden_zero_bit
bit(6) bmesh_nal _unit_type
bit(6) bmesh_nal layer id
bit(3) bnmesh_nal tenporal id plusl
}
nal _uni t ( BnrNunByt esl nNal Uni t) {
bmesh_nal _unit_header ();
Bm\unByt esl nRbsp = 0;
for( i = 2; i < BrNunBytesInNalUnit; i++ )
bit(8) rbsp_byte[ BmNunByteslnRbsp++ ];

bmesh_nal _forbi dden_zero_bit MJST be equal to O.

bmesh_nal _unit _type specifies the type of the RBSP data structure
contained in the NAL unit as specified in [ISO | EC 23090-29]. In
particular, the basenesh NAL unit types supported are specified in
Table H 1 of [1SO. |EC. 23090-29].

bmesh_nal layer_id specifies the identifier of the |ayer to which an
BMCL NAL unit belongs or the identifier of a |layer to which a non-
BMCL NAL unit applies. The value of brmesh _nal layer _id shall be in
the range of 0 to 62, inclusive.

bmesh_nal tenporal id plusl mnus 1 specifies a tenmporal identifier
for the NAL unit. The value of nal tenporal _id_plusl shall not be
equal to O.

4.3.3. AC-based Displacenment NAL units

The di spl acenent conponent provi des di spl acement information, that
are used to apply deformation on a nesh over tinme. The displacenent
conponent can be encoded using the arithnetic codec defined in Annex
J of [ISO |IEC 23090-29], or alternatively can be encoded as V3C
geonetry vi deo conponent using traditional 2D video codec, when

enpl oyi ng a 2D codec, data can be transmitted using the RTP payl oad
format specified for the codec. Wen enploying the arithnmetic codec
defined in Annex J of [1SQO I EC. 23090-29], data can be transnmitted
usi ng the RTP payl oad format specified in Section 6.
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5

5.

The di spl acenent NAL unit (nal _unit(NunByteslnNal Unit)) is a byte-
al i gned syntax structure defined by [ISO | EC 23090-29] to carry

di spl acenment data. A displacenent NAL unit al ways contains a 16-bit
NAL unit header (displ_nal _unit_header()), which indicates anobng
other things the type of the NAL unit (displ_nal _unit_type). The
payl oad of a NAL unit refers to the NAL unit excluding the NAL unit
header. The di splacenent NAL unit syntax and semantics are copied
here as defined in [ISO | EC 23090-29].

di spl _nal __unit_header( ) {
bit(1) displ_nal _forbidden _zero_bit
bit(6) displ_nal _unit_type
bit(6) displ_nal _layer_id
bit(3) displ_nal _tenporal _id _plusl

}
nal _unit (NunmByt eslnNal Unit){
di spl _nal _unit_header();
NunByt esl nRbsp = O;
for( i =2; i < NumBytesInNalUnit; i++ )
bit(8) rbsp_byte[ NunByteslnRbsp++ ];
}

di spl _nal _forbidden_zero _bit MJST be equal to O.

di spl _nal _unit_type specifies the type of the RBSP data structure

contained in the NAL unit as specified in [ISO |EC 23090-29]. In

particul ar, the AC based displ acenent NAL unit types supported are
specified in Table J.1 of [ISO | EC 23090-29].

displ _nal layer id is specifies the identifier of the layer to which
an DCL NAL unit belongs or the identifier of a layer to which a non-
DCL NAL unit applies. The value of displ_nal _layer_id shall be in
the range of 0 to 62, inclusive.

displ _nal tenporal id plusl is mnus 1 specifies a tenporal
identifier for the NAL unit. The value of nal _tenporal id plusl
shal |l not be equal to O.

Payl oad format for V-DMC Basenesh
1. Cenera
This section describes details related to the RTP payl oad fornat
definitions for the V-DMC basenesh codec defined in Annex H of

[1SO I EC. 23090-29]. Aspects related to RTP header, RTP payl oad
header and general payl oad structure are consi dered.
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5.2. RTP header Usage

The RTP header is defined in [ RFC3550] and represented in Figure 4.
Sone of the header field values are interpreted as foll ows.

0 1 2 3
01234567890123456789012345678901
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
|V=2|P|X] CC |M PT | sequence numnber |
el i I e i it T e e e e i i T o S e e S e T R R
| ti mestanp |
I S i o T s S S S e s s T
| synchroni zati on source (SSRC) identifier |
+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+
| contributing source (CSRC) identifiers |

| |
i i i T i I S i e s o o i i
Figure 4: RTP header for V-DMC Basenesh
Marker bit (M: 1 bit
Set for the |ast packet of the access unit, carried in the current
RTP stream This is in line with the nornmal use of the Mbit in
video formats to allow an efficient playout buffer handling.

Payl oad type (PT): 7 bits

The assi gnnent of a payl oad type MJST be perfornmed either through the
profile used or in a dynam c way.

Sequence Nunber (SN): 16 bits
Set and used in accordance with [ RFC3550]
Timestanmp : 32 bits

The RTP timestanmp is set to the sanpling tinestanp of the content. A
90 kHz clock rate MJUST be used.

If the NAL unit has no timing properties of its ow (e.g., set and
SElI NAL units), the RTP timestanp MJST be set to the RTP tinestanp of
the coded basenesh of the access unit in which the NAL unit
(according to Section H of [ISO | EC 23090-29] is included.

Recei vers MUST use the RTP timestanp for the display process, even

when the bitstream contains basenesh frane tim ng SEIl nessages as
specified in [ISO | EC 23090-29].
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Synchroni zati on source (SSRC): 32 bits

Used to identify the source of the RTP packets. By definition a
single SSRC is used for all parts of a single bitstream The
remai ni ng RTP header fields are used as specified in [ RFC3550].

5.3. RTP payl oad header for Basenesh

The RTP Payl oad Header follows the RTP header. Figure 5 describes
RTP Payl oad Header.

0 1
0123456789012345
S i S i S S S S S S

| F| NUT | NLI | TID
T S o i S S S S S S S

Figure 5: RTP Payl oad header for Basenesh

F : bnesh_nal _forbidden_zero bit specified in [ISO | EC. 23090-29] MJST
be equal to O.

NUT : bnesh _nal _unit _type as specified in [ISO | EC 23090-29] define
the type of the RBSP data structure contained in the NAL unit as
specified in [ISO | EC 23090-29]. |In particular, the basemesh NAL
unit types supported are specified in Table H 1 of

[1SO | EC. 23090- 29] .

NLI : bnesh _nal layer _id as specified in [1SO | EC. 23090-29] defines
the identifier of the layer to which an BMCL NAL unit belongs or the
identifier of a layer to which a non-BMCL NAL unit applies. The

val ue of nal layer_id shall be in the range of 0 to 62, inclusive.

TID : bmesh_nal tenporal _id plusl mnus 1 as specified in
[1SO | EC. 23090-29] defines a tenporal identifier for the NAL unit.
The val ue of bnesh _nal tenporal id plusl shall not be equal to O.
5.4. Payload structures
5.4.1. GCenera
Three different types of RTP packet payload structures are specified.
A receiver can identify the payload structure by the first two bytes
of the RTP packet payl oad, which co-serves as the RTP payl oad header.
These two bytes are always structured as a NAL unit header. The NAL
unit type field indicates which structure is present in the payl oad.

The three different payl oad structures are as follows:
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Single NAL Unit Packet: Contains a single NAL unit in the payl oad.
Thi s payload structure is specified in Section 5.4.2.

Aggregation Packet: Contains nultiple NAL units in a single RTP
payl oad. This payload structure is specified in Section 5.4. 3.

Fragnentation Unit: Contains a subset of a single NAL unit. This
payl oad structure is specified in Section 5.4.4.

NOTE: (informative) This menpo does not limt the size of NAL units
encapsul ated in NAL unit packets and fragnmentation units.

[1SO | EC. 23090-29] does not restrict the maxi mum size of a NAL unit
directly either. Instead, a NAL unit sanple streamformt nmay be
used, which provides flexibility to signal NAL unit size up to

Ul NT64_MAX byt es.

5.4.2. Single NAL unit packet

Single NAL unit packet contains exactly one NAL unit and consists of
an RTP payl oad header and follow ng conditional fields: 16-bit DONL
and 16-bit bmesh-smid. The rest of the payl oad data contain the NAL
unit payl oad data (excluding the NAL unit header). Single NAL unit
packet MUST only contain atlas NAL units of the types defined in
Table H 1 of [ISO | EC 23090-29]. The structure of the single NAL
unit packet is shown below in Figure 6.

0 1 2 3

01234567890123456789012345678901
i I S T S S i I S A SHE N SR
| RTP payl oad header | DONL (conditional) |
I i I S R T S i S L i St N SR SRS
| bmesh-smid (cond) |

I

B il s S S S S I S i |
I

NAL unit data |

I

I

I

I

| R ol I S R R S R R S R

| :...OPTIONAL RTP paddi ng |

B i s T T i i o S o T Ji I
Figure 6: Single NAL unit packet for Basenesh

RTP payl oad header MJST be an exact copy of the NAL unit header of
the contai ned NAL unit.

A NAL unit stream conposed by de-packetizing single NAL unit packets

in RTP sequence nunber order MJST conformto the NAL unit decodi ng
order, when DONL is not present.
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The DONL field, when present, specifies the value of the 16-bit
decodi ng order nunber of the contained NAL unit. [|f sprop-nmax-don-
diff is greater than 0 for any of the RTP streans, the DONL field
MUST be present, and the variable DONL for the contained NAL unit is
derived as equal to the value of the DONL field. Oherw se (sprop-
max-don-diff is equal to O for all the RTP streams), the DONL field
MUST NOT be present.

The brmesh-smid field, when present, specifies the 16-bit subnesh
identifier for the NAL unit, as signaled in basenesh header defined
in [ISOIEC 23090-29]. |If sprop-bnmesh-smid-pres is equal to 1 and
RTP payl oad header NUT is in range 0-29, inclusive, the bnmesh-smid
field MUST be present. Oherw se, the bmesh-smid field MIUST NOT be
present.

NOTE: (informative) Only values for NAL unit type (NUT) in range
0-29, inclusive, are allocated for bash nesh subnesh | ayer unit data
in [1SO|EC 23090-29].

5.4.3. Aggregation packet

Aggregati on Packets (APs) enabl e the reducti on of packetization
overhead for small NAL units, such as nost of the non-BMCL NAL units,
which are often only a few octets in size.

Aggregati on packets MAY be used wap nultiple NAL units belonging to
the sanme access unit in a single RTP payload. The first two bytes of
the AP MUST contain RTP payl oad header. The NAL unit type (NUT) for
the NAL unit header contained in the RTP payl oad header MJST be equal
to 45, which falls in the unspecified range of the NAL unit types
defined in [I1SO | EC 23090-29]. AP MAY contain a conditional bnesh-
smid field. AP MJST contain two or nore aggregation units. The
structure of AP is shown in Figure 7.

0 1 2 3

01234567890123456789012345678901
T o e i e s S S R b Tk ok T NI S R
RTP payl oad header (NUT=45) | bmesh-smid (cond) |
i T o T i e S S S i S e S

Two or nore aggregation units |
s T i T s sl T S i R S R T

:...OPTIONAL RTP paddi ng |

+-
I
+-
I
I
I
I
I
T S S S T S S S e ity S S SEp DI S S

Figure 7: Aggregation Packet (AP) for Basenesh
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The fields in the payl oad header are set as follows. The F bit MJST
be equal to O if the F bit of each aggregated NAL unit is equal to
zero; otherwise, it MJST be equal to 1. The NUT field MJST be equa
to 45. The value of NLI MJST be equal to the | owest value of NLI of
all the aggregated NAL units. The value of TID MJST be the | owest
value of TID of all the aggregated NAL units.

Al BMCL NAL units in an aggregati on packet have the sane TID val ue
since they belong to the sane access unit. However, the packet MAY
contain non-BMCL NAL units for which the TID value in the NAL unit
header MAY be different than the TID value of the BMCL NAL units in
the same AP

The brmesh-smid field, when present, specifies the 16-bit basenesh
identifier for all BMCL NAL units in the AP. |If sprop-bnesh-smid-
pres is equal to 1, the bnesh-smid field MJST be present.

O herwi se, the bnmesh-smid field MUST NOT be present.

AP MUST carry at | east two aggregation units (AU) and can carry as
many aggregation units as necessary. However, the total anmount of
data in an AP MUST fit into an |IP packet, and the size SHOULD be
chosen so that the resulting | P packet is snaller than the MIU size
so to avoid IP |layer fragnentation. The structure of the AU depends
both on the presence of the decoding order nunber, the sequence order
of the AU in the AP and the presence of bmesh-smid field. The
structure of an AU is shown in Figure 8.

0 1 2 3
01234567890123456789012345678901
R s i o e i ol S e S e T ik ik T S e T S T S
DOND (cond) / DONL (cond) | bmesh-smid (cond) |
i T o T T i T A S S S T

+-
I

+-

| NALU si ze |
B el I T R S il il ol siE I R SR S
I

I

I

I

I

+-

I
I
I
NAL unit |
I
+

I S i S SIS S S S

B i T i S T
Figure 8. Aggregation Unit (AU) for Basenesh

I f sprop-max-don-diff is greater than 0 for any of the RTP streans,
an AU begins with the DOND / DONL field. The first AU in the AP
contains DONL field, which specifies the 16-bit value of the decoding
order number of the aggregated NAL unit. The variable DON for the
aggregated NAL unit is derived as equal to the value of the DONL
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5.

field. Al subsequent AUs in the AP MJST contain an (8-bit) DOND
field, which specifies the difference between the decodi ng order
nunber val ues of the current aggregated NAL unit and the preceding
aggregated NAL unit in the same AP. The variable DON for the
aggregated NAL unit is derived as equal to the DON of the preceding
aggregated NAL unit in the sane AP plus the value of the DOND field
plus 1 nodul o 65536.

VWhen sprop-max-don-diff is equal to O for all the RTP streans, DOND /
DONL fields MJUST NOT be present in an aggregation unit. The
aggregation units MJST be stored in the aggregati on packet so that
the decoding order of the containing NAL units is preserved. This
means that the first aggregation unit in the aggregati on packet
SHOULD contain the NAL unit that SHOULD be decoded first.

If sprop-bnmesh-smid-pres is equal to 2 and the AU NAL unit header
type is in range 0-29, inclusive, the 16-bit bmesh-smid field MJST
be present in the aggregation unit after the conditional DOND/ DONL
field. Oherwi se bnesh-smid field MUST NOT be present in the
aggregation unit.

The conditional fields of the aggregation unit are followed by a
16-bit NALU size field, which provides the size of the NAL unit (in
bytes) in the aggregation unit. The remainder of the data in the
aggregation unit SHOULD contain the NAL unit (including the
unnodi fi ed NAL unit header).

4. 4. Fragnentation unit

Fragnmentation Units (FUs) are introduced to enable fragnenting a
single NAL unit into rmultiple RTP packets, possibly w thout co-
operation or know edge of the encoder. A fragnent of a NAL unit
consi sts of an integer nunber of consecutive octets of that NAL unit.
Fragnments of the same NAL unit MJUST be sent in consecutive order with
ascendi ng RTP sequence nunbers (with no other RTP packets within the
sane RTP stream being sent between the first and | ast fragnent.

When a NAL unit is fragmented and conveyed within FUs, it is referred
to as a fragmented NAL unit. Aggregation packets MJST NOT be
fragnmented. FUs MJST NOT be nested; i.e., an FU MUST NOT contain a
subset of another FU  The RTP header tinestanp of an RTP packet
carrying an FUis set to the NALU-time of the fragmented NAL unit.

A FU consi sts of an RTP payl oad header with NUT equal to a 46, an
8-bit FU header, a conditional 16-bit DONL field, a conditional
16-bit bnmesh-smid field and an FU payl oad. The structure of an FU
is illustrated below in Figure 9.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| RTP payl oad header (NUT=46) | FU header | DONL (cond)
R e s T o T S R El ok i R e e S S e o o s
| DONL (cond) | bmesh-smid (cond) |
s T e e S i ot ST S R S S S S e i ot ST NI S R
I
|
I
I
I
+-

FU payl oad |
e o ik I S R R e S i N
©...OPTIONAL RTP paddi ng |

R e o i i e S S R S R ol i il S S S S R e o T R e

Figure 9: Fragmentation Unit for Basenesh
5.5. Packetization and De-packetization Rul es
The foll owi ng packetization rules apply for V-DMC data:

* |f sprop-max-don-diff is greater than 0 for any of the RTP
streanms, the transm ssion order of NAL units carried in the RTP
stream MAY be different than the NAL unit decodi ng order and the
NAL unit output order. Oherw se (sprop-max-don-diff is equal to
0 for all the RTP streams), the transm ssion order of NAL units
carried in the RTP stream MJST be the same as the NAL unit
decodi ng order.

* A NAL unit of a small size SHOULD be encapsulated in an
aggregation packet together with one or nore other NAL units in
order to avoid the unnecessary packetization overhead for snall
NAL units. For example, non-BMCL NAL units such as access unit
delimters, paranmeter sets, or SEI NAL units are typically smal
and can often be aggregated with BMCL NAL units wi thout violating
MIU si ze constraints.

* Each non-BMCL NAL unit SHOULD, when possible, froman MU size
perspective, be encapsulated in an aggregati on packet together
with its associated BMCL NAL unit, as typically a non-BMCL NAL
unit woul d be neani ngl ess w thout the associated BMCL NAL unit
bei ng avail abl e.

* For carrying exactly one NAL unit in an RTP packet, a single NAL
unit packet MUST be used

The general concept behi nd de-packetization is to get the NAL units

out of the RTP packets in an RTP stream and all RTP streans the RTP
stream depends on, if any, and pass themto the decoder in the NAL
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6

6

6

unit decoding order. The de-packetization process is inplenentation
dependent. Therefore, the follow ng de-packetization rules SHOULD be
taken as an exanpl e.

* Al normal RTP nechanisns related to buffer managenent apply. In
particul ar, duplicated or outdated RTP packets (as indicated by
the RTP sequence nunber and the RTP timestanp) are renoved. To
determne the exact tine for decoding, factors such as a possible
intentional delay to allow for proper inter-stream synchronization
must be factored in.

* NAL units with NAL unit type values in the range of 0 to 44,
i nclusive, MAY be passed to the decoder. NAL-unit-Iike structures
with NAL unit type values in the range of 45 to 63, inclusive,
MJST NOT be passed to the decoder

*  \When sprop-nmax-don-diff is equal to O for the received RTP stream
the NAL units carried in the RTP stream MAY be directly passed to
the decoder in their transm ssion order, which is identical to
their decodi ng order.

* \When sprop-nmax-don-diff is greater than 0 for any of the received
RTP streans, the received NAL units need to be arranged into
decodi ng order before handing them over to the decoder

* For further de-packetization exanples, the reader is referred to
Section 6 of [RFC7798].

Regardi ng the packetization of V3C video conponent data, the
respective RTP video payl oad specification(s) define how
packetizati on and de-packetizati on SHOULD be handl ed.

Payl oad format for V-DMC Arithmetic-coded Di spl acenent
1. Genera

This section describes details related to the RTP payl oad for nat
definitions for the V-DMC arithmetic displacenment codec defined in
Annex J of [1SO I EC 23090-29]. Aspects related to RTP header, RTP
payl oad header and general payload structure are considered. As

di scussed in Section 4.3, a V-DMC stream may alternatively use

anot her displ acenent codec, in which case the RTP payl oad descri bed
in this section would not be applicable.

2. RTP header Usage

The RTP header is defined in [ RFC3550] and represented in Figure 10.
Sone of the header field values are interpreted as foll ows.
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
|V=2|P| X] CC | M PT | sequence nunber |
e L o i e i S e e T
| ti mestanp |
i e e R i s o i e R e e S o i i o S N S S
| synchroni zati on source (SSRC) identifier |
E  aE ar o e e e e e e e o B o e e A e A s R T
| contributing source (CSRC) identifiers |
I : I

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et
Figure 10: RTP header for V-DMC Di spl acenent
Marker bit (M: 1 bit
Set for the | ast packet of the access unit, carried in the current
RTP stream This is in line with the normal use of the Mbit in
video formats to allow an efficient playout buffer handling.

Payl oad type (PT): 7 bits

The assi gnment of a payl oad type MJST be performed either through the
profile used or in a dynanic way.

Sequence Nunber (SN): 16 bits
Set and used in accordance with [ RFC3550]
Timestanmp : 32 bits

The RTP timestanp is set to the sanpling tinestanp of the content. A
90 kHz clock rate MJUST be used.

If the NAL unit has no timing properties of its ow (e.g., set and
SEI NAL units), the RTP tinmestanp MJST be set to the RTP tinestanp of
the coded di spl acenment of the access unit in which the NAL unit
(according to Section J of [ISO |EC 23090-29] is included.

Recei vers MUST use the RTP timestanp for the display process, even
when the bitstream contains displacenent frame timng SEI nessages as
specified in [ISO | EC 23090-29].

Synchroni zati on source (SSRC): 32 bits
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Used to identify the source of the RTP packets. By definition a
single SSRC is used for all parts of a single bitstream The
remai ni ng RTP header fields are used as specified in [ RFC3550].

6.3. RTP Payl oad header for AC- based Di spl acenent

The RTP Payl oad Header follows the RTP header. Figure 11 describes
RTP Payl oad Header.

0 1
0123456789012345
i I S i S M D

| F| NUT | NLI | TID
S A S S e

Figure 11: RTP header for AC-based D spl acenent.

F : displ_nal _forbidden_zero_bit specified in [ISO I EC. 23090-29] MJST
be equal to O.

NUT : displ _nal _unit_type as specified in [1SO | EC 23090-29] define
the type of the RBSP data structure contained in the NAL unit as
specified in [ISO | EC 23090-29]. |In particular, the AC based

di spl acement NAL unit types supported are specified in Table J.1 of
[1SO | EC. 23090- 29] .

NLI : displ_nal_layer_id as specified in [I1SO | EC. 23090-29] defines
the identifier of the layer to which an DCL NAL unit belongs or the
identifier of a layer to which a non-DCL NAL unit applies. The val ue
of displ_nal layer id shall be in the range of 0 to 62, inclusive.

TID : displ_nal _tenporal id _plusl mnus 1 as specified in
[1SO I EC. 23090-29] defines a tenporal identifier for the NAL unit.
The val ue of displ _nal tenporal id plusl shall not be equal to O.
6.4. Payload structures
6.4.1. GCenera
Three different types of RTP packet payl oad structures are specified.
A receiver can identify the payload structure by the first two bytes
of the RTP packet payl oad, which co-serves as the RTP payl oad header
These two bytes are always structured as a NAL unit header. The NAL
unit type field indicates which structure is present in the payl oad.

The three different payl oad structures are as follows:
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Single NAL Unit Packet: Contains a single NAL unit in the payl oad.
Thi s payload structure is specified in Section 6.4.2

Aggregation Packet: Contains nultiple NAL units in a single RTP
payl oad. This payload structure is specified in Section 6.4.3.

Fragnentation Unit: Contains a subset of a single NAL unit. This
payl oad structure is specified in Section 6.4.4.

NOTE: (informative) This menpo does not limt the size of NAL units
encapsul ated in NAL unit packets and fragnmentation units.

[1SO | EC. 23090-29] does not restrict the maxi mum size of a NAL unit
directly either. Instead, a NAL unit sanple streamformt nmay be
used, which provides flexibility to signal NAL unit size up to

Ul NT64_MAXUI NT64_MAX byt es.

6.4.2. Single NAL unit packet

Single NAL unit packet contains exactly one NAL unit, and consists of
an RTP payl oad header and follow ng conditional fields: 16-bit DONL
and 16-bit vdntd-id. The rest of the payl oad data contain the NAL
unit payl oad data (excluding the NAL unit header). Single NAL unit
packet MUST only contain atlas NAL units of the types defined in
Table J.1 of [ISO | EC 23090-29]. The structure of the single NAL
unit packet is shown below in Figure 12

0 1 2 3

01234567890123456789012345678901
i I S T S S i I S A SHE N SR
| RTP payl oad header | DONL (conditional) |
I i I S R T S i S L i St N SR SRS
| vdnecd-id (cond) |
B il s S S S S I S i

I
|
I
NAL unit data |
I

I

I

I

| R ol I S R R S R R S R

| :...OPTIONAL RTP paddi ng |

B i s T T i i o S o T Ji I
Figure 12: Single NAL unit packet for AC- based D spl acenent

RTP payl oad header MJST be an exact copy of the NAL unit header of
the contai ned NAL unit.

A NAL unit stream conposed by de-packetizing single NAL unit packets

in RTP sequence nunber order MJST conformto the NAL unit decodi ng
order, when DONL is not present.
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The DONL field, when present, specifies the value of the 16-bit
decodi ng order nunber of the contained NAL unit. [|f sprop-nmax-don-
diff is greater than 0 for any of the RTP streans, the DONL field
MUST be present, and the variable DONL for the contained NAL unit is
derived as equal to the value of the DONL field. Oherw se (sprop-
max-don-diff is equal to O for all the RTP streams), the DONL field
MUST NOT be present.

The vdntd-id field, when present, specifies the 16-bit displ acenent
identifier for the NAL unit, as signaled in displacenment header
defined in [I1SO | EC. 23090-29]. |If sprop-vdntd-id-pres is equal to 1
and RTP payl oad header NUT is in range 0-29, inclusive, the vdntd-id
field MUST be present. Oherw se, the vdntd-id field MUST NOT be
present.

NOTE: (informative) Only values for NAL unit type (NUT) in range
0-29, inclusive, are allocated for AC based displacenent |ayer unit
data in [ISO | EC 23090- 29].

6.4.3. Aggregation packet

Aggregati on Packets (APs) enabl e the reducti on of packetization
overhead for small NAL units, such as npst of the non-DCL NAL units,
which are often only a few octets in size

Aggregati on packets MAY be used wap nultiple NAL units belonging to
the sanme access unit in a single RTP payload. The first two bytes of
the AP MUST contain RTP payl oad header. The NAL unit type (NUT) for
the NAL unit header contained in the RTP payl oad header MJST be equa
to 47, which falls in the unspecified range of the NAL unit types
defined in [I1SO | EC 23090-29]. AP MAY contain a conditional vdncd-id
field. AP MJST contain two or nore aggregation units. The structure
of AP is shown in Figure 13

0 1 2 3

01234567890123456789012345678901

T o e i e s S S R b Tk ok T NI S R
RTP payl oad header (NUT=47) | vdnecd-id (cond)

i T o T i e S S S i S e S

Two or nore aggregation units |
s T i T s sl T S i R S R T

:...OPTIONAL RTP paddi ng |

+-
I
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I
I
I
I
I
T S S S T S S S e ity S S SEp DI S S

Figure 13: Aggregation packet for AC based displ acenent
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The fields in the payl oad header are set as follows. The F bit MJST
be equal to O if the F bit of each aggregated NAL unit is equal to
zero; otherwise, it MJST be equal to 1. The NUT field MJST be equa
to 47. The value of NLI MJST be equal to the | owest value of NLI of
all the aggregated NAL units. The value of TID MJST be the | owest
value of TID of all the aggregated NAL units.

Al DCL NAL units in an aggregation packet have the sanme TID val ue
since they belong to the sane access unit. However, the packet MAY
contain non-DCL NAL units for which the TID value in the NAL unit
header MAY be different than the TID value of the DCL NAL units in
the same AP

The vdntd-id field, when present, specifies the 16-bit displ acenent
identifier for all DCL NAL units in the AP. If sprop-vdntd-id-pres
is equal to 1, the vdntd-id field MIST be present. Oherw se, the
vdnecd-id field MUST NOT be present.

AP MUST carry at | east two aggregation units (AU) and can carry as
many aggregation units as necessary. However, the total anmount of
data in an AP MUST fit into an |IP packet, and the size SHOULD be
chosen so that the resulting | P packet is snaller than the MIU size
so to avoid IP |layer fragnentation. The structure of the AU depends
both on the presence of the decoding order nunber, the sequence order
of the AU in the AP and the presence of vdntd-id field. The
structure of an AU is shown in Figure 14.

0 1 2 3
01234567890123456789012345678901
R s i o e i ol S e S e T ik ik T S e T S T S
DOND (cond) / DONL (cond) | vdnecd-id (cond) |
i T o T T i T A S S S T

+-

I

+-

| NALU si ze |
B el I T R S il il ol siE I R SR S
I

I

I

I

I

+-

I
I
I
NAL unit |
I
+

I S i S SIS S S S

B i T i S T
Fi gure 14: Aggregation unit for AC based Displ acenent

I f sprop-max-don-diff is greater than 0 for any of the RTP streans,
an AU begins with the DOND / DONL field. The first AU in the AP
contains DONL field, which specifies the 16-bit value of the decoding
order number of the aggregated NAL unit. The variable DON for the
aggregated NAL unit is derived as equal to the value of the DONL
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6.

field. Al subsequent AUs in the AP MJST contain an (8-bit) DOND
field, which specifies the difference between the decodi ng order
nunber val ues of the current aggregated NAL unit and the preceding
aggregated NAL unit in the same AP. The variable DON for the
aggregated NAL unit is derived as equal to the DON of the preceding
aggregated NAL unit in the sane AP plus the value of the DOND field
plus 1 nodul o 65536.

VWhen sprop-max-don-diff is equal to O for all the RTP streans, DOND /
DONL fields MJUST NOT be present in an aggregation unit. The
aggregation units MJST be stored in the aggregati on packet so that
the decoding order of the containing NAL units is preserved. This
means that the first aggregation unit in the aggregati on packet
SHOULD contain the NAL unit that SHOULD be decoded first.

If sprop-vdntd-id-pres is equal to 2 and the AU NAL unit header type
is in range 0-29, inclusive, the 16-bit vdntd-id field MJST be
present in the aggregation unit after the conditional DOND/ DONL
field. Oherwi se vdncd-id field MUST NOT be present in the
aggregation unit.

The conditional fields of the aggregation unit are followed by a
16-bit NALU size field, which provides the size of the NAL unit (in
bytes) in the aggregation unit. The remainder of the data in the
aggregation unit SHOULD contain the NAL unit (including the
unnodi fi ed NAL unit header).

4. 4. Fragnentation unit

Fragnmentation Units (FUs) are introduced to enable fragnenting a
single NAL unit into rmultiple RTP packets, possibly w thout co-
operation or know edge of the encoder. A fragnent of a NAL unit
consi sts of an integer nunber of consecutive octets of that NAL unit.
Fragnments of the same NAL unit MJUST be sent in consecutive order with
ascendi ng RTP sequence nunbers (with no other RTP packets within the
sane RTP stream being sent between the first and | ast fragnent.

When a NAL unit is fragmented and conveyed within FUs, it is referred
to as a fragmented NAL unit. Aggregation packets MJST NOT be
fragnmented. FUs MJST NOT be nested; i.e., an FU MUST NOT contain a
subset of another FU  The RTP header tinestanp of an RTP packet
carrying an FUis set to the NALU-tinme of the fragmented NAL unit. A
FU consi sts of an RTP payl oad header with NUT equal to a 63, an 8-bit
FU header, a conditional 16-bit DONL field, a conditional 16-bit
vdnc-id field and an FU payload. The structure of an FU is
illustrated below in Figure 15.
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Figure 15: Fragnentation Unit for D spl acenent
6.5. Packetization and De-packetization Rul es

The foll owi ng packetization rules apply for V-DMC data: - |f sprop-
max- don-di ff is greater than O for any of the RTP streans, the
transm ssion order of NAL units carried in the RTP stream MAY be
different than the NAL unit decoding order and the NAL unit out put
order. Oherw se (sprop-nax-don-diff is equal to O for all the RTP
streans), the transm ssion order of NAL units carried in the RTP
stream MUST be the sane as the NAL unit decoding order. - A NAL unit
of a small size SHOULD be encapsul ated in an aggregati on packet
together with one or nore other NAL units in order to avoid the
unnecessary packetization overhead for small NAL units. For exanple,
non-DCL NAL units such as access unit delinmters, paraneter sets, or
SEI NAL units are typically snmall and can often be aggregated with
DCL NAL units w thout violating MU size constraints. - Each non-DCL
NAL unit SHOULD, when possible, froman MIU size perspective, be
encapsul ated in an aggregati on packet together with its associated
DCL NAL unit, as typically a non-DCL NAL unit woul d be neani ngl ess

wi t hout the associated DCL NAL unit being available. - For carrying
exactly one NAL unit in an RTP packet, a single NAL unit packet MJST
be used

The general concept behi nd de-packetization is to get the NAL units
out of the RTP packets in an RTP streamand all RTP streans the RTP
stream depends on, if any, and pass themto the decoder in the NAL

unit decodi ng order

The de-packetization process is inplenentation dependent. Therefore,
the foll ow ng de-packetization rules SHOULD be taken as an exanpl e.
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* Al normal RTP mechanisnms related to buffer managenent apply. In
particul ar, duplicated or outdated RTP packets (as indicated by
the RTP sequence nunber and the RTP timestanp) are renoved. To
determne the exact tine for decoding, factors such as a possible
intentional delay to allow for proper inter-stream synchronization
nmust be factored in.

* NAL units with NAL unit type values in the range of 0 to 44,
i nclusive, MAY be passed to the decoder. NAL-unit-like structures
with NAL unit type values in the range of 45 to 63, inclusive,
MUST NOT be passed to the decoder

*  When sprop-max-don-diff is equal to O for the received RTP stream
the NAL units carried in the RTP stream MAY be directly passed to
the decoder in their transm ssion order, which is identical to
their decodi ng order.

* \When sprop-nmax-don-diff is greater than 0 for any of the received
RTP streans, the received NAL units need to be arranged into
decodi ng order before handing them over to the decoder.

* For further de-packetization exanples, the reader is referred to
Section 6 of [RFC7798].

Regar di ng the packetization of V3C video conponent data, the
respective RTP vi deo payl oad specification(s) define how
packetizati on and de-packetizati on SHOULD be handl ed.

7. Payload Fornmat Paraneters
Thi s section describes payload format optional paraneters. A mapping
of the paraneters into the Session Description Protocol (SDP)
[ RFC8866] is also provided for applications that use SDP. Equival ent
paraneters could be defined el sewhere for use with control protocols
that do not use SDP

7.1. Media Type Registration for Basenesh
The receiver MJST ignore any paraneter unspecified in this neno.
Type name: application
Subt ype name: bnesh

Required paraneters : NA
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Optional paraneters: bnesh-codec-idc, bnesh-1evel-idc, bmesh-1od,
bmesh- seq-set, bnesh-tier-flag, bnesh-tool set-idc, sprop-bmesh-sei,
sprop- bmesh-smid, sprop-bmesh-smid-pres

Optional paranmeters inherited fromV3C sprop-v3c-unit-header, sprop-
v3c-unit-type, sprop-v3c-vps-id, sprop-v3c-atlas-id, sprop-v3c-attr-
i dx, sprop-v3c-attr-part-idx, sprop-v3c-map-idx, sprop-v3c-aux-video-
flag, sprop-v3c-paraneter-set, sprop-v3c-tile-id, sprop-v3c-tile-id-
pres, sprop-v3c-atlas-data, sprop-v3c-comon-atl as-data, sprop-v3c-
sei, v3c-ptl-level-idc, v3c-ptl-tier-flag, v3c-ptl-codec-idc, v3c-
ptl-toolset-idc, v3c-ptl-rec-idc and sprop-max-don-diff

Encodi ng considerations: This type is only defined for transfer via
RTP [ RFC3550] .

Security considerations: Please see Section 11
Interoperability considerations: NA
Publ i shed specification: Please refer to [ISO | EC. 23090- 29]

Applications that use this nmedia type: Any application that relies on
V- DMC- based nedi a servi ces over RTP.

Addi tional information: NA
Person & enmil address to contact for further infornmation:
I nt ended usage: COVMON
Restrictions on usage: NA
Aut hor: See Authors’ Addresses section of this meno.
Change controller: |ETF avtcore@etf.org
Provi si onal registration? (standards tree only): No
7.2. Media Type Registration for D splacenent
The receiver MJST ignore any paraneter unspecified in this neno.
Type name: application
Subt ype name: vdntd

Required paraneters : NA
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Optional paraneters: vdncd-codec-idc, vdncd-I1evel -idc, vdntd-I od,
vdncd- seq- set, vdntd-tier-flag, vdntd-tool set-idc, sprop-vdntd-sei,
sprop-vdntd-i d, sprop-vdncd-i d- pres

Optional paranmeters inherited fromV3C sprop-v3c-unit-header, sprop-
v3c-unit-type, sprop-v3c-vps-id, sprop-v3c-atlas-id, sprop-v3c-attr-
i dx, sprop-v3c-attr-part-idx, sprop-v3c-map-idx, sprop-v3c-aux-video-
flag, sprop-v3c-paraneter-set, sprop-v3c-tile-id, sprop-v3c-tile-id-
pres, sprop-v3c-atlas-data, sprop-v3c-comon-atl as-data, sprop-v3c-
sei, v3c-ptl-level-idc, v3c-ptl-tier-flag, v3c-ptl-codec-idc, v3c-
ptl-toolset-idc, v3c-ptl-rec-idc and sprop-max-don-diff

Encodi ng considerations: This type is only defined for transfer via
RTP [ RFC3550] .

Security considerations: Please see Section 11
Interoperability considerations: NA
Publ i shed specification: Please refer to [ISO | EC. 23090- 29]

Applications that use this nmedia type: Any application that relies on
V- DMC- based nedi a servi ces over RTP.

Addi tional information: NA
Person & enmil address to contact for further infornmation:
I nt ended usage: COVMON
Restrictions on usage: NA
Aut hor: See Authors’ Addresses section of this meno.
Change controller: |ETF avtcore@etf.org
Provi si onal registration? (standards tree only): No
7.3. Optional Paraneters Definition
Optional parameters definition in section 7.2. of
[I-Dietf-avtcore-rtp-v3c] are applicable, unless updated in this
section, which describes new and updated optional paraneters

definitions.

*Paraneters defined in [I-D.ietf-avtcore-rtp-v3c]*
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The possi bl e val ues of sprop-v3c-unit-type are updated by this neno.
sprop-v3c-unit-type specifies a V3C unit type value corresponding to
vuh_unit_type defined in [ISO I EC 23090-29], i.e., it defines V3C
sub-bitstreamtype. [1SO |EC 23090-29] only introduces new val ues
and does not nodify the values previously defined in

[1SO I EC. 23090-05]. The renmining V3C paraneters can al so be
utilized in the V-DMC bitstreamif necessary.

*optional paraneters for Basenmesh are defined in this neno*

bmesh- codec-i dc:

brmesh- codec-i dc indicates the codec group profile conmponent to which
the CVS confornms. It corresponds to bmptl_profile_codec_group_idc
defined in [I1SO | EC. 23090-29].

bmesh- | evel -i dc:

brmesh-1evel -idc indicates a |l evel to which the coded V3C sequence
(CVS) conforns. It corresponds to bnptl _level idc defined in

[1SO | EC. 23090- 29] .

bmesh- | od:

brmesh-1 od specifies the support for signalling and adjusting the

| evel of detail in the stream bmresh-1od correspond to |od_index in
[1SO | EC. 23090-10] .

brmesh- seq- set :

bmesh-seq-set provides an identifier for the basenesh sequence
paraneter set for reference by other syntax elements defined in
[1SO I EC 23090-29]. It corresponds to

brmeps_sequence _paraneter_set _id defined in [ISO | EC. 23090-29].
brmesh-tier-fl ag:

bmesh-tier-flag specifies the tier context for the interpretation of
brpt!| level idc. 1t corresponds to bnptl _tier_flag defined in

[1SO | EC. 23090- 29] .

brmesh-t ool set -i dc:

brmesh-t ool set-idc indicates the tool set combination profile conponent
to which the CVS conforms. It corresponds to

brpt| _profile_tool set idc defined in [ISO | EC 23090-29].

spr op- bmesh- sei
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sprop- bmesh-sei MAY be used to convey SEI NAL units of VDMC basenesh
sub bitstreans for out-of-band transm ssion. The value is defined in
Table H 1 of [1SO |EC. 23090-29].

sprop- bmesh-smi d:

sprop-bmesh-id indicates that the RTP stream contains only portion of
the frame in the basenesh. sprop-bnesh-id is a comma-separated (',’)
list of integer values, which indicate the sprop-bnmesh-ids that are
present in the RTP stream

sprop- bmesh-smi d- pres

sprop-bmesh-smid-pres indicates that the RTP packets contain bnesh-
smid field.

*optional paraneters for AC based displacenent are defined in this
meno*

vdntd- codec-i dc:

vdntd- codec-i dc indicates the codec group profile component to which
the CDS conforns as specified in Annex J of [I1SO | EC. 23090-29]. It
corresponds to dptl _profile _codec_group idc defined in

[1SO | EC. 23090- 29] .

vdntd- | evel -i dc:

vdncd-| evel -idc indicates a level to which the CDS conforns as
specified in Annex J of [I1SO | EC. 23090-29]. The vdntd-|evel -idc
paraneter corresponds to dptl _level _idc defined in

[1SO | EC 23090- 29].

vdncd- | od:

vdnctd- | od specifies the support for signalling and adjusting the

| evel of detail in the stream vdntd-lod correspond to lod_index in
[1SO I EC 23090-10].

vdntd- seq- set:

vdnctd- seq-set provides an identifier for the base nesh sequence
paraneter set for reference by other syntax elements defined in
[1SO I EC. 23090-29]. It corresponds to dsps_sequence_paraneter_set _id
defined in [1SO | EC 23090-29].

vdncd-tier-flag:
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vdncd-tier-flag specifies the tier context for the interpretation of
dptl _level _idc as specified in Annex J of [ISO | EC 23090-29]. It
corresponds to dptl _tier_flag defined in [ISO | EC 23090-29].

vdntd-t ool set-idc:

vdntd-t ool set-idc indicates the tool set conmbination profile conponent
to which the CDS confornms as specified in Annex J of

[1SO I EC 23090-29]. It corresponds to dptl_profile_toolset_idc
defined in [I1SO | EC. 23090-29].

spr op- vdntd- sei

sprop-vdnctd- sei MAY be used to convey SEI NAL units of VDMC
di spl acenment sub bitstreans for out-of-band transm ssion. The val ue
is defined in Table J.1 of [I1SO I EC. 23090-29].

sprop-vdntd-i d:

sprop-vdnctd-id indicates that the RTP stream contains only portion of
the frame in the displacenment. sprop-vdntd-id is a conma-separ at ed
(’,’) list of integer values, which indicate the sprop-vdntd-ids that
are present in the RTP stream

sprop-vdnctd-i d- pres:

sprop-vdntd-id-pres indicates that the RTP packets contain vdncd-id
field.

8. Congestion control considerations

In a case of congestion, adjusting the LoD | evel of each V-DMC stream
can help partially mtigate the congestion issue. The substreans
that make up V-DMC can independently adjust their LoD (Level of
Detail) levels with high level paraneters (e.g, bnesh-lod, vdntd-
lod). This parameter is linked to LoD-related paraneters defined for
each substream allowi ng the overall LoD to be fine-tuned. During
peri ods of congestion, a higher LoD |evel may overload transmtters
and/ or receivers, while also increasing network bandw dth
consunption. To alleviate this, the LoD | evels of individua
substreans can be adjusted to reduce overall bandw dth usage and

i nprove processi ng speed.

9. Session description protoco
Thi s docunent conplies with, and builds over, SDP nechani sns defined

in[l-Dietf-avtcore-rtp-v3c], including the "v3cfntp" attribute and
the groupi ng framework "v3c" type.
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9.1. V3C format paranmeters "v3cfntp" attribute
The "v3cfntp" SDP attribute is used to carry V3C specific nedia
format paraneters, which were defined in [ISO | EC 23090-05]. This
meno defi nes new val ues for one of these paraneters, v3c-unit-type.
New SDP paraneters defined in this nmeno are carried with the "fntp"
attribute.

9.2. Mapping of Payload Type Parameters to SDP

9.2.1. For V-DMC Basenesh Conponents
The mappi ng of above defined payl oad format media type to the
corresponding fields in the Session Description Protocol (SDP) is
done according to [ RFC3866].
* The nmedia nanme in the "m" line of SDP MJUST be application
* The encoding name in the "a=rtpnmap" |line of SDP MJST be bnesh
* The clock rate in the "a=rtpmap" |ine MJST be 90000.

*  The OPTIONAL paranmeters , when present, MJST be included in the

"a=fntp" line of SDP. This is expressed as a nedia type string,
in the formof a semicolon-separated |ist of paraneter=val ue
pairs.

* The OPTI ONAL paraneters bmesh-codec-idc, bnesh-1evel-idc, bmesh-
| od, bnesh-seq-set, bnesh-tier-flag, bnesh-tool set-idc, sprop-
brmesh-sei, sprop-bnmesh-smid, sprop-bnmesh-smid-pres when present,
MUST be included in the "a=fntp" Iine of SDP. This paraneter is
expressed as a nmedia type string, in the formof a sem col on-
separated |ist of paraneter=val ue pairs.

The OPTI ONAL paraneters, when present in the basenmesh conponent nedia
line format paranmeters attribute, specify values that are valid for
the coded V3C sequence until a new value is received in-band. Sone
OPTI ONAL parameters, |ike sprop-v3c-paraneter-set or sprop-v3c-unit-
header, can’'t be carried in-band in the basenesh stream and nmay t hus
be considered static for the session. The carriage of basenesh

payl oad format paraneters in "a=fntp" and "a=v3cfntp" attributes is
separated by |ogical context, where "a=fntp" consists of basenesh

| evel media format paraneters and "a=v3cfntp" contains V3C | eve

medi a format paraneters.

An exanpl e of media representation corresponding to the vdnt RTP
payload in SDP is as follows:

HS Yang & de Foy Expi res 29 January 2026 [ Page 34]



I nternet-Draft RTP- Payl oad- VDMC July 2025

9

2

mFappl i cati on 49170 RTP/ AVP 98
a=rt pmap: 98 bresh/ 90000
a=fm p: 98 sprop-bnesh-smi d=0, 1
a=v3cfnt p: sprop-v3c-unit-header =OAAAAA==;
2. For V-DMC Di spl acenent Conponents
* The media nanme in the "m=" |ine of SDP MUST be application
* The encoding nane in the "a=rtpmap" |line of SDP MJUST be vndcd
* The clock rate in the "a=rtprmap" |ine MJST be 90000.

* The OPTIONAL paraneters, when present, MJST be included in the

"a=fntp" line of SDP. This is expressed as a nedia type string,
in the formof a sem colon-separated |ist of paraneter=val ue
pairs.

*  The OPTI ONAL paraneters vdncd-codec-idc, vdncd-I|evel -idc, vdntd-
| od, vdntd-seq-set,vdncd-tier-flag, vdntd-tool set-idc, sprop-
vdntd- sei, sprop-vdncd-id, sprop-vdntd-id-pres when present, MJST
be included in the "a=fntp"” line of SDP. This paraneter is
expressed as a nedia type string, in the formof a sem col on-
separated |ist of paraneter=val ue pairs.

The OPTI ONAL paraneters, when present in the displacenent component
media line format paraneters attribute, specify values that are valid
for the coded di spl acement sequence until a new value is received in-
band. Sone OPTI ONAL paraneters, |ike sprop-v3c-paraneter-set or
sprop-v3c-unit-header, can't be carried in-band in the displacenent
stream and may thus be considered static for the session. The
carriage of V3C payload format paraneters in "a=fntp" and "a=v3cfntp"
attributes is separated by |ogical context, where "a=fntp" consists
of displacenent |evel nedia format paraneters and "a=v3cfntp"
contains V3C |l evel nedia format paraneters

An exanpl e of media representation corresponding to the vdnt RTP
payl oad in SDP is as follows:

mrappl i cati on 49170 RTP/ AVP 98

a=rt prmap: 98 vdntd/ 90000

a=fm p: 98 sprop-vdncd-i d=0, 1

a=v3cf nt p: sprop-v3c-unit-header =GAAAABB==;
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9.2.3. For Oher V-DMC Conponents

The mappi ng of payl oad type paraneters to SDP is described in section
9.2.1. of [I-D.ietf-avtcore-rtp-v3c] for the V3C atlas conponents and
in section 9.2.2. of [I-D.ietf-avtcore-rtp-v3c] for other video V-DMC
conponents.

9.2.4. Gouping Franmework

The grouping framework described in section 9.3. of
[I-D.ietf-avtcore-rtp-v3c] can be used for V-DMC. Goup attribute
with VDMC type is provided to allow application to identify "n' lines
that belong to the sane VDMC bitstream G ouping type VDMC MUST be
used with the group attribute. The tokens that follow are napped to
"m d’ -values of individual nmedia lines in the SDP.

a=group: VDMC <t okens>

The foll owi ng exanpl e shows an SDP including four nedia lines, three
descri bi ng VDMC conponents (PT:96=attribute, PT:97=di spl acenent,

PT: 98=basenesh) and one VDMC atl as component (PT:100). All the nedia
| ines are grouped under one VDMC group. V3C paraneter set is

provi ded via session | evel VDMC nedia format paraneter attribute.

a=group:VDMC 1 2 3 4
mevi deo 40000 RTP/ AVP 96
a=rt prmap: 96 H264/ 90000
a=fnt p: 96

v3c- uni t - header =EAAAAA==;
a=md: 1
meappl i cati on 40002 RTP/ AVP 97
a=rtpmap: 97 di sp/ 90000
a=fnt p: 97

v3c- uni t - header =GAAAABB==;
a=m d: 2
meappl i cati on 40004 RTP/ AVP 98
a=rt pmap: 98 brmesh/ 90000
a=fnt p: 98

v3c- uni t - header =I AAAAA==;
a=m d: 3
mrappl i cati on 40008 RTP/ AVP 100
a=rt pmap: 100 v3c/ 90000
a=fm p: 100

v3c-uni t - header =CAAAAA==;
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9.3. Ofer and Answer Consi derations

An exanpl e offer, which allows bundling different V-DMC conponents
(attribute, basenesh, AC-based di splacenent, atlas) into one stream
based on [ RFC9143].

a=group: BUNDLE 1 2 3 4

a=group:VDMC 1 2 3 4

mevi deo 40000 RTP/ AVP 96

a=rtprmap: 96 H264/ 90000

a=v3cfnt p: sprop-v3c-unit-type=4; sprop-v3c-vps-i d=0;
sprop-v3c-atlas-id=0

a=md: 1

a=extmap: 1 urn:ietf:params:rtp-hdrext:sdes: md
meappl i cati on 40002 RTP/ AVP 97

a=rtpmap: 97 brmesh /90000

a=v3cfntp: sprop-v3c-unit-type=7; sprop-v3c-vps-i d=0;
sprop-v3c-atlas-id=0

a=m d: 2

a=extmap: 1 urn:ietf:params:rtp-hdrext:sdes: md
meappl i cati on 40004 RTP/ AVP 98

a=rtpmap: 98 vdntd /90000

a=v3cfnt p: sprop-v3c-unit-type=8; sprop-v3c-vps-i d=0;
sprop-v3c-atlas-id=0

a=md: 3

a=extmap: 1 urn:ietf:params:rtp-hdrext:sdes: md
meappl i cati on 40006 RTP/ AVP 99

a=rt pmap: 99 v3c/ 90000

a=v3cfnt p: sprop-v3c-unit-type=1; sprop-v3c-vps-i d=0;
sprop-v3c-atlas-id=0;

spr op-v3c- par anet er - set =AQD/ AAAP/ zwWAAAAAADM AQGBWAACAD] g QAADK A==
a=md: 4

a=extmap: 1 urn:ietf:paranms:rtp-hdrext:sdes: md

An exanpl e answer, which accepts bundling of different V-DMC
component s.

HS Yang & de Foy Expi res 29 January 2026 [ Page 37]



I nt

9. 4.

10.

10.

10.

HS

ernet-Draft RTP- Payl oad- VDMC July 2025

a=group: BUNDLE 1 2 3 4

a=group:VDMC 1 2 3 4

mevi deo 50000 RTP/ AVP 96

a=rt prmap: 96 H264/ 90000

a=md: 1

a=extmap: 1l urn:ietf:params:rtp-hdrext:sdes: md
meappl i cation 0 RTP/ AVP 97

a=rt pmap: 97 bmesh/ 90000

a=bundl e-onl y

a=m d: 2

a=extmap: 1l urn:ietf:paranms:rtp-hdrext:sdes: md
meappl i cation 0 RTP/ AVP 98

a=rt prmap: 98 vdntd/ 90000

a=bundl e-onl y

a=md: 3

a=extmap: 1 urn:ietf:paranms:rtp-hdrext:sdes: md
meappl i cation 0 RTP/ AVP 99

a=rt pmap: 99 v3c/ 90000

a=bundl e-only

a=md: 4

a=extmap: 1 urn:ietf:params:rtp-hdrext:sdes: md

Decl arati ve SDP Consi derations
When V-DMC content is offered over RTP in a declarative style, the
considerations in section 9.5. of [I-D.ietf-avtcore-rtp-v3c] are
appl i cabl e.

I ANA Consi derations
1. VDMC nedia type registration

New nmedi a types will be registered with | ANA; see Section 7.1 and
Section 7. 2.

2. VDMC groupi ng type extension

Gouping is extended to establish relationships between substreans of
a VDMC representation. A new group type (VDMC) for the group
attribute will be registered as defined in Section 9.2.4. This
docunent registers the semantics in Figure 16 with 1ANA in the
"Semantics for the 'group’ SDP Attribute" registry group (under the
"Session Description Protocol (SDP) Paraneters" registry):
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11.

12.

13.

13.

f el oo oo ooy oo
| Semantics | Token | Mux Category | Reference |
E S el e sl e s s ety
| VDMC grouping | VDMC | NORIVAL | "this nmenmo"

I I I I I L i +

Figure 16: Additional semantics for VDMC SDP group type

NOTE: (informative) "this nem” to be replaced with the RFC nunber
once it becones avail abl e.

Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [ RFC3550], and in any applicable RTP profile such as
RTP/ AVP [ RFC3551], RTP/ AVPF [ RFC4585], RTP/ SAVP [ RFC3711], or RTP/
SAVPF [ RFC5124]. However, as "Securing the RTP Protocol Framework:
Wy RTP Does Not Mandate a Single Media Security Solution" [RFC7202]
di scusses, it is not an RTP payload format’s responsibility to

di scuss or mandate what solutions are used to nmeet the basic security
goals like confidentiality, integrity, and source authenticity for
RTP in general. This responsibility |ays on anyone using RTP in an
application. They can find guidance on avail able security nechani sns
and i nportant considerations in "Options for Securing RTP Sessions”

[ RFC7201]. Applications SHOULD use one or nore appropriate strong
security nechanisns. The rest of this Security Considerations
section discusses the security inpacting properties of the payl oad
format itself.
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