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Abst r act

A visual volunetric video-based coding (V3C) 1SO | EC 23090-5
bitstreamis conposed of V3C units that contain V3C atlas sub-
bitstreams, V3C video sub-bitstreams, and a V3C paraneter set. This
meno descri bes an RTP payl oad format for V3C atlas sub-bitstreans.
The RTP payl oad format for V3C video sub-bitstreans is defined by
rel evant | ETF RFC for the applicable video codec. The V3C RTP
payl oad format allows for packetization of one or nore V3C atl as
Net wor k Abstraction Layer (NAL) units in an RTP packet payl oad as
well as fragmentation of a V3C atlas NAL unit into multiple RTP
packets. The nmeno al so describes the nechanisns for grouping RTP
streans of V3C conponent sub-bitstreans, providing a conplete
solution for streamnm ng V3C encoded content.
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described in Section 4.e of the Trust Legal Provisions and are
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1. Introduction

Vol umetric video, simlar to conventional 2D video, when
unconpressed, is represented by a | arge anbunt of data. It enables
capture of an object or a scene in three dinensions (3D) and its

pl ayback i ndependent fromthe original capture position(s) or
orientation(s). The Visual Volunetric Video-based Codi ng (V3C
specification [1SO | EC 23090-5] | everages the conpression efficiency
of existing 2D video codecs to reduce the amount of data needed for
storage and transm ssion of volunetric video. V3Cis a generic
mechani sm for volumetric video coding, and it can be used by
applications targeting volunetric content, such as point clouds,

Vi deo- based Poi nt C oud Conpression (V-PCC [I1SO | EC 23090-5], and
i mersive video with depth, MPEG I nmersive Video (MV)

[1SO | EC. 23090-12].

A V3C encoder converts volunetric frames, i.e., 3D volunetric
information, into a collection of 2D frames and associ at ed dat a,
known as atlas data. The converted 2D franes are subsequently coded
usi ng any video or inage codec, e.g., ISOIEC International Standard
14496- 10 (Advanced Vi deo Codi ng, AVC/ H.264) [1SO | EC. 14496-10], |SO
| EC International Standard 23008-2 (H gh Efficiency Video Coding,
HEVC/ H. 265) [1SO. |1 EC. 23008-2] or ISQ1EC International Standard
23090-3 (Versatile Video Coding, WC H 266) [ISO | EC 23090-3]. The
atlas data is coded with mechani sns specified in [ISO | EC 23090-5].
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V3C utilizes high level syntax (HLS) design, familiar from
conventional 2D video codecs, to represent the associ ated coded data,
i.e., atlas data. The coded atlas data is represented by Network
Abstraction Layer (NAL) units. Consequently, RTP payload format for
V3C atlas data described in this nmeno shares design phil osophy,
security, congestion control, and overall inplenmentation conplexity
with the other NAL unit-based RTP payl oad formats such as the ones
defined in [ RFC6184], [RFC6190], and [ RFC7798].

2. Conventions

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

Al fields defined in this specification related to RTP payl oad
structures SHALL be considered in network order

3. Definitions, and abbrevi ations
3.1. Definitions
3.1.1. Cenera

Thi s docunent uses the definitions of [ISO | EC 23090-5].
Section 3.1.2 below lists relevant definitions from[I| SO | EC 23090- 5]
for conveni ence.

3.1.2. Definitions fromthe V3C specification

atlas: collection of 2D boundi ng boxes and their associ ated
informati on placed onto a rectangul ar frane and corresponding to a
vol unme in 3D space on which volunetric data is rendered

atl as bitstream sequence of bits that forns the representation of
atlas franes and associ ated data form ng one or nore coded atl as
sequences.

atlas coding layer NAL unit: collective termfor coded atlas tile

| ayer NAL units and the subset of NAL units that have reserved val ues
of nal _unit_type that are classified as being of type class equal to
ACL in this docunent.

atlas frane: 2D rectangular array of atlas sanples onto which patches

are projected and additional information related to the patches,
corresponding to a volunetric frame.

Ilola & Kondrad Expires 1 August 2026 [ Page 4]



I nternet-Draft RTP payl oad format for V3C January 2026

attribute: scalar or vector property optionally associated with each
point in a volunetric franme such as colour, reflectance, surface
normal, tinmestanps, material 1D, etc.

coded atl as sequence: sequence of coded atlas access units, in
decodi ng order, of an | RAP coded atlas access unit, followed by zero
or nmore coded atlas access units that are not | RAP coded atlas access
units, including all subsequent access units up to but not including
any subsequent coded atlas access unit that is an | RAP coded atl as
access unit.

coded atlas access unit: set of atlas NAL units that are associated
with each other according to a specified classification rule, are
consecutive in decoding order, and contain all atlas NAL units
pertaining to one particul ar output tine.

coded vi sual volunetric video-based codi ng (V3C) sequence: sequence
of V3C atlas and video sub-bitstrean(s) identified and separated by
appropriate delimters, required to start with a VPS, included in at
| east one V3C unit or provided through external neans.

network abstraction |ayer unit: syntax structure containing an
i ndication of the type of data to follow and bytes containing that
data in the formof an RBSP.

patch: rectangular region within an atlas associated with volunetric
i nformation.

raw byte sequence payl oad: syntax structure containing an integer
nunber of bytes that is encapsulated in a NAL unit and that is either
enpty or has the formof a string of data bits containing syntax

el ements followed by an RBSP stop bit and zero or nore subsequent
bits equal to O.

tile: independently decodabl e rectangul ar region of an atlas frane.

vi sual volunetric video-based coding (V3C) atlas sub-bitstream
extracted sub-bitstreamfromthe V3C bitstream containi ng whol e or
portion of an atlas bitstream

vi sual volunetric video-based codi ng (V3C) video sub-bitstream
extracted sub-bitstreamfromthe V3C bitstream containi ng whol e or
portion of a video bitstream

vi sual volunetric video-based coding (V3C) conponent: atl as,

occupancy, geonetry, or attribute of a particular type that is
associated with a V3C volunetric content representation
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vi sual volunetric video-based coding (V3C) paraneter set: syntax
structure containing syntax elenments that apply to zero or nore
entire CVSs and may be referred to by syntax elenents found in the
V3C unit header.
volumetric frame: set of 3D points specified by their Cartesian
coordi nates and zero or nore corresponding sets of attributes at a
particular time instance.

3.2. Abbreviations
ACL atlas coding | ayer
AP aggregati on packet
AU aggregation unit
CVS coded V3C sequence
DON decodi ng order nunber
I RAP intra random access point
MIU maxi mum transmni ssi on unit
NAL network abstraction |ayer
NALU NAL unit
RBSP raw byt e sequence payl oad
V3C vi sual volunetric video-based codi ng
VPS V3C paraneter set

4. Media format description

4.1. Overview of the V3C codec (informative)
V3C encoding of a volumetric frane is achieved through a conversion
of the volunetric frame fromits 3D representation into nultiple 2D
representations and a generation of associated data docunenting such
conversions and transformati ons. The associated data, also known as

the atlas data, provides information on how to reproject the 2D
representations back into the 3D volunetric frame.
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2D representations, known as V3C vi deo conponents, of volunetric
franme are encoded using conventional 2D video codecs. V3C video
component may, for exanple, include occupancy, geonetry, or attribute
data. The occupancy data inforns a V3C decoder which pixels in other
V3C vi deo conponents contribute to reconstructed 3D representation
The geonetry data describes information on the position of the
reconstructed voxels, while attribute data provi des additiona
properties for the voxels, e.g., colour or material information. A
voxel is the smallest discrete addressable elenent in a 3D space,

anal ogous to a pixel in 2D

Atlas data, known as V3C atlas conponent, provides information to
interpret V3C video conponents and enabl es the reconstruction froma
2D representation back into a 3D representation of volumetric frame.
Atl as data is conposed of a collection of patches. Each patch
identifies a region in the V3C video conponents and provi des

i nformati on necessary to performthe appropriate inverse projection
of the indicated region back into 3D space. The shape of the patch
region is deternmined by a 2D boundi ng box associated with each patch
as well as their coding order. The shape of these patches is also
further refined based on occupancy dat a.

To enabl e parallelization, random access, as well as a variety of
other functionalities, an atlas frame can be divided into one or nore
rectangul ar partitions referred to as tiles. Tiles are not allowed
to overlap and should be independently decodable. An atlas frane may
contain regions that are not associated with any tile or patch

The binary form of V3C video conponents, i.e., video bitstream and
V3C atlas conponents, i.e., atlas bitstream can be grouped and
represented by a single V3C bitstream The V3C bitstreamis conposed
of a set of V3C units. Each V3C unit has a V3C unit header and a V3C
unit payl oad. The V3C unit header describes the V3C unit type for
the payload. V3C unit payload contains V3C video conponents, V3C

atl as components or a V3C paraneter set. V3C video conponents, i.e.
occupancy, geonetry, or attribute conponents, correspond to video
data units (e.g., NAL units defined in [I1SO | EC 23008-2]) that could
be decoded by an appropriate video decoder. An exanple of V3C

bi t stream consi sting of a V3C parameter set, atlas bitstream and
three video conponent bitstreans (geonetry, occupancy, attribute) is
provided in Figure 1.

o a oo o e oo o a oo +
| V3C Unit(V3C_VPS) | V3C Unit(V3C AD) | V3C Unit(V3C_GVD) |
o e e aaaa o i -4 - -
| V3C Unit (V3C_OVD) | V3C Unit(V3C_AVD) | V3C Unit(V3C_AD)|
oo oo oo oo -
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Figure 1: Exanple of V3C bitstream
4.2. V3C paraneter set (informative)

Thi s docunent specifies an encapsul ation of V3C atlas data. Aspects
related to signalling of V3C paraneter set, defined in

[1SO I EC. 23090-5], are also considered. V3C paraneter set is
encapsul ated in its own V3C unit, which allows decoupling the

transm ssion of V3C paraneter set fromthe V3C video and atl as
conponents. The V3C paraneter set can be transnmitted by externa
means (e.g., as a result of the capability exchange) or through a
(reliable or unreliable) control protocol. Section 9 of this
docunent specifies how a V3C paraneter set can be signalled using the
session description protocol

Generally, it is useful to signal V3C paraneter set out-of-band,
because it describes what overall resources are needed to decode and
reconstruct the associated V3C bitstream Signalling it dynamically
as part of an RTP stream night result in undefined behavi our when
recei ver does not have the required capabilities to decode the

recei ved V3C vi deo conmponent sub-bitstreans or when reconstruction
process relies on information that the receiver does not support.

4.3. V3C atlas and video components (infornative)
4.3.1. Cenera

In the V3C bitstreamthe atlas conmponent is identified by
vuh_unit_type equal to V3C AD, or V3C CAD in case of common atlas
data, in the V3C unit header. The V3C atlas conponent consists of
atlas NAL units that define header and payl oad pairs, see

Section 4.3.2. V3C video conponents are identified by vuh_unit_type
equal to V3C OvD, V3C GVD, V3C AVD, and V3C PVD. V3C video
conponents can be further differentiated by other values in the V3C
unit header such as vuh_attribute_index,

vuh_attribute partition_index, vuh_map_index, and
vuh_auxiliary_video_flag. By mapping the V3C paraneter set
information to vuh_attribute_index, a V3C decoder identifies which
attribute a given V3C video conponent contains, e.g., colour.
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The information supplied by V3C unit header should be provided in one
formor another to a V3C decoder, e.g., as part of SDP as descri bed
inthis meno in Section 9. The four-byte V3C unit header syntax and
semantics are copied bel ow as defined in [ISO | EC 23090-5], but the
syntax is subject to change. |Inplenentations should always refer to
the latest specification of [ISO |IEC 23090-5]. The syntax of four-
byte V3C unit header is provided here for informative purposes only.
The integers in the parentheses, e.g., unsigned int(5), indicate the
nunber of bits used by the syntax el ement.

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 ) {
unsi gned int(4) vuh _v3c_paraneter_set id;

}

if( 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 ) {
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(1l) vuh_auxiliary_video_flag;

}

else if( vuh_unit _type == V3C GVD ) {
unsi gned int(4) vuh_map_i ndex;
unsigned int(1) 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) {
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;
}

}

vuh_unit_type indicates the V3C unit type for the V3C conponent as
specified in [ISO | EC 23090-5]. As a conveni ence, the nmapping table
fromvuh_unit_type values to semantics is copied belowin Table 1.

Ilola & Kondrad Expires 1 August 2026 [ Page 9]



I nternet-Draft RTP payl oad format for V3C January 2026

[ oo s s ool oo
| vuh_unit_type | Identifier | V3C unit | Description |
| | | type | |
[} s ety s e e s ey e U
| O | V3C VPS | v3C | V3C level paraneters

| | | paraneter | |
I I | set I I
o m e e e oo - Fomm e oo - N o e e e e e e oo +
| 1 | V3C_AD | Atlas | Atlas information |
I I | data I I
Fom e S U Fom e +
| 2 | Vv3C OvD | Cccupancy | Qccupancy |
| | | video | information |
I I | data I I
T R R T +
| 3 | V3C_GvD | Geometry | Geometry information

| | | video | |
I I | data I I
oo S S Fom e +
| 4 | V3C_AVD | Attribute | Attribute |
| | | video | information |
I I | data I I
Fom e S U Fom e +
| 5 | V3C PVD | Packed | Packing information

| | | video | |
I I | data I I
T R R T +
| 6 | V3C_CAD | Common | I'nformation that is

| | | atlas | common for atlases

| | | data | ina C/S. Specified

| | | | in 1SO1EC 23090-12

o m e e e oo - Fomm e oo - N o e e e e e e oo +
| 7 31 | V3C_RSVD | Reserved | - |
S R S o e e e e e oo oo +

Table 1. V3C unit type semantics

vuh_v3c_parameter_set _id specifies the val ue of
vps_v3c_paranmeter_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
inthe 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

4.3.2. Atlas NAL units

Atlas NAL unit (nal _unit(NunBytesinNalUnit)) is a byte-aligned syntax
structure defined by [ISO | EC. 23090-5] to carry atlas data. Atlas
NAL unit always contains a 16-bit NAL unit header

(nal _unit_header()), which indicates anong other things the type of
the NAL unit (nal _unit _type). The payload of a NAL unit refers to
the NAL unit excluding the NAL unit header. The Atlas NAL unit
syntax and semantics are copied here as defined in [ISO | EC 23090-5].

nal _unit_header () {
bit(1) nal _forbidden_zero_bit;
bit(6) nal _unit_type;
bit(6) nal _|ayer _id;
bit(3) nal tenporal id plusl

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

nal _forbi dden_zero_bit provides nmeans for indicating errors in NAL
units.

nal _unit_type indicates the type of the RBSP data structure contained
in the NAL unit.

nal _layer_id indicates the identifier of the layer to which an ACL
NAL unit belongs or the identifier of a layer to which a non-ACL NAL
unit applies.

nal _tenporal id plusl minus 1 indicates a tenporal identifier for the
NAL unit.
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4.4. Systens and transport interfaces (informative)

5.

5

5

In addition to rel easing specifications on V3C applications

[1SO | EC. 23090-5] and [ISO. | EC. 23090-12], MPEG conducted further
systens level work on file fornats to encapsul ate conpressed V3C
content. The seventh edition of the | SOBMFF specification

[1SO I EC 14496-12] introduces a new nedia handler "volv', intended to
support volunetric visual nmedia. It also specifies other structures
to enabl e devel opment of derived specifications detailing how various
vol unetric visual nedia nay be stored in | SOBVFF

One of such derived specifications is [ISO | EC. 23090-10], which
defines how V3C content can be stored in a file and streamed over
DASH [1 SO | EC. 23009-1]. To a large extent |1SQ | EC 23090-10 focuses
on describi ng how | SOBMFF boxes and syntax el enents may be used to
store volunetric nedia, but in some cases new boxes and syntax

el ements are introduced to accommpdate the fundanental ly different
type of new nedia. Wile the specification is not directly rel evant
for defining RTP payload format for V3C atlas data, it is a usefu
resource that may be consi dered especially when designing ingestion
of encoded V3C content into RTP stream ng pipelines.

V3C atlas RTP payl oad for nmat
1. Cenera

This section describes details related to V3C atlas RTP payl oad
format definitions. Aspects related to RTP header, RTP payl oad
header and general payl oad structure are considered. RTP payl oad
format (s) for video conmponents is defined in their respective RTP
payl oad format specifications depending on the video codec used.

2. RTP header

The format of the RTP header is specified in [ RFC3550] and replicated
below in Figure 2 for convenience. V3C RTP payl oad format uses the
fields of the RTP header in a manner consistent with [ RFC3550].

Unl ess contextualized bel ow, the meaning of the fields depicted in
Figure 2 is the sane as in Section 5.1 of [RFC3550].
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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 |

e e e e e e e b e e e e e e e e e e e e e e e e e e e e e e e e
Figure 2: RTP Header

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 an RTP payl oad type for this new packet format is
out side the scope of this docunent and will not be specified here.
The assi gnment of a payl oad type MJST be performed either through the
profile used or in a dynam c way.
Ti mestanp: 32 bits

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

If the NAL unit has no timng properties of its ow (e.g., paraneter
set and SEI NAL units), the RTP tinmestanp MJST be set to the RTP
timestanp of the coded atlas of the access unit in which the NAL unit
(according to Section 8.4.5.3 of [I1SO I EC. 23090-5]) is included.

Recei vers MUST use the RTP timestanp for the display process, even
when the bitstreamcontains atlas frane timng SEIl nessages as
specified in [ISO | EC 23090-5].

The remai ni ng RTP header fields are used as specified in [ RFC3550].
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5.3. RTP payl oad header

The first two bytes of the payl oad of an RTP packet are referred to
as the payl oad header. The payl oad header consists of the sane
fields (F, NUT, NLI, and TID) as the NAL unit header as shown in
Section 4.3.2, irrespective of the type of the payl oad structure.
For conveni ence, the structure of RTP payl oad header is described
bel ow in Figure 3.

0 1
0123456789012345
i I S i S M D
| F| NUT | NLI | TID |
S A S S e

Figure 3: RTP Payl oad Header

F: the nal _forbidden_zero_bit as specified in [ISO I EC 23090-5] is
equal to 0. A value equal to 1 indicates that the payl oad may
contain errors or syntax violations.

NUT: the nal _unit_type as specified in [I1SO I EC 23090-5] defines the
type of the RBSP data structure contained in the NAL unit payl oad.
The NUT val ue could carry other neani ng dependi ng on the RTP packet

t ype.

NLI: the nal _layer_id as specified in [I1SO | EC. 23090-5] defines the
identifier of the layer to which an ACL NAL unit belongs or the
identifier of a layer to which a non-ACL NAL unit applies.

TID: the nal tenporal _id_plusl mnus 1 as specified in
[1SO I EC. 23090-5] defines a tenporal identifier for the NAL unit.
The val ue of nal _tenporal _id plusl MJUST NOT be equal to O.

5.4. Payload structures

5.4.1. Cenera
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 payload structures are as foll ows:

* Single NAL Unit Packet: Contains a single NAL unit in the payl oad.
Thi s payload structure is specified in Section 5.4.2.

Ilola & Kondrad Expires 1 August 2026 [ Page 14]



I nternet-Draft RTP payl oad format for V3C January 2026

* Aggregation Packet: Contains nultiple NAL units in a single RTP
payl oad. This payload structure is specified in Section 5.4.3.

* Fragnmentation Unit: Contains a subset of a single NAL unit. This
payl oad structure is specified in Section 5.4. 4.

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

[1SO I EC. 23090-5] does not restrict the maxi num size of a NAL unit
directly either. Instead, a NAL unit sanple streamformt may be
used, which provides flexibility to signal NAL unit size up to

U NT64_MAX byt es.

NOTE: Sone of the fields described in the payload structures are
conditional and their presence is indicated through the rel evant
paraneters as defined in Section 7.3. These paraneters are assuned
to be nade available prior to sending any RTP packets.

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 the followi ng conditional fields: 16-bit
DONL and 16-bit v3c-tile-id. The rest of the payload data contains
the NAL unit payload data (excluding the NAL unit header). A single
NAL unit packet MJST only contain atlas NAL units of the types
defined in Table 4 of [1SO I EC 23090-5]. The structure of the single
NAL unit packet is shown below in Figure 4.

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| RTP payl oad header | DONL (conditional) |
AR SR SR S S P TR T e el S R S S R S R SR T S S S S S S e
v3c-tile-id (cond) | |
el t kS o S R |
I

I

I

NAL unit data
B il s S S S S I S i

:...OPTIONAL RTP paddi ng |
S T S S

I
+-
I
I
I
|
I
+-

Figure 4: Single NAL unit packet

The RTP payl oad header MJST be an exact copy of the NAL unit header
of the contained NAL unit.
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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.

The DONL field, when present, specifies the value of the 16-bit
decodi ng order nunber of the contained NAL unit. The decodi ng order
nunmber indicates the order in which the received NAL units shoul d be
reordered to forma bitstreamthat can be successfully decoded. |If
sprop-max-don-diff is greater than O for any of the RTP streans, the
DONL field MIUST be present, otherwise the DONL field MJUST NOT be
present.

The v3c-tile-id field, when present, specifies the 16-bit tile
identifier for the NAL unit, as signalled in V3C atlas tile header
defined in [I1SO I EC. 23090-5]. If sprop-v3c-tile-id-pres is equal to
1 and RTP payl oad header NUT is in range 0-35, inclusive, the v3c-
tile-id field MUST be present. Oherwise, the v3c-tile-id field MIST
NOT be present.

NOTE: (informative) Only values for NAL unit type (NUT) in range
0-35, inclusive, are allocated for atlas tile layer data in
[1SO | EC. 23090-5] .

The presence of the "OPTI ONAL RTP paddi ng" is indicated by the
padding (P) bit in the RTP header. As defined in [RFC3550] the |ast
octet of the padding contains a count of how many paddi ng octets
shoul d be ignored, including itself.

5.4.3. Aggregation packet

Aggr egati on Packets (APs) enable the reduction of packetization
overhead for small NAL units, such as nbst of the non-ACL NAL units,
which are often only a few octets in size

Aggregation packets MAY be used to wrap nultiple NAL units bel onging
to the same access unit in a single RTP payload. The first two bytes
of an AP MUST contain the 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 56, which falls in the unspecified range of the NAL
unit types defined in [1SO | EC. 23090-5]. An AP MAY contain a
conditional v3c-tile-id field. An AP MJST contain two or nore
aggregation units. The structure of an AP is shown in Figure 5.
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0 1 2 3
01234567890123456789012345678901
i T o T i e S S S i S e S
RTP payl oad header (NUT=56) | v3c-tile-id (cond) |
e b T S i i S S S S e e s S i T T i S S

I
Two or nore aggregation units |
I

B il s S S S S I S i
;... COPTIONAL RTP paddi ng |

+-
I
+-
I
I
I
|
I
T T S i i S DU S S S R S S

Figure 5: Aggregation Packet (AP)

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 56. The value of NLI MJST be equal to the | owest value of NLI of
all the aggregated NAL units. The value of TID MJUST be the | owest
value of TID of all the aggregated NAL units.

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

The v3c-tile-id field, when present, specifies the 16-bit tile
identifier for all ACL NAL units in the AP. |f sprop-v3c-tile-id-
pres is equal to 1, the v3c-tile-id field MIST be present.

O herwi se, the v3c-tile-id field MUST NOT be present.

The presence of the "OPTIONAL RTP paddi ng" is indicated by the
padding (P) bit in the RTP header. As defined in [RFC3550] the |ast
octet of the padding contains a count of how many paddi ng octets
shoul d be ignored, including itself.

An AP MUST carry at |east two aggregation units (AU) and can carry as
many aggregation units as necessary. However, the total anount of
data in an AP MUST fit into an | P packet, and the size SHOULD be
chosen so that the resulting | P packet is snaller than the | ocal MIU
size so to avoid IP layer fragnentation. The structure of the AU
depends both on the presence of the decodi ng order nunber, the
sequence order of the AUin the AP and the presence of v3c-tile-id
field. The structure of an AU is shown in Figure 6.
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| DOND (cond) / DONL (cond) | v3c-tile-id (cond) |
Sl SR R R ol SR SN S N S R SR S SR S S S SR S S S SR S S S S S
| NALU si ze | |
e e s i T R S T S T |
I I
| |
I I
I
I
+-

NAL uni t

T

B i I T e T S i sl sTE T S T
Figure 6: Aggregation Unit (AU)

| f sprop-nmax-don-diff is greater than 0 for any of the RTP strearns,
an AU begins with the DOND / DONL field. The first AUin the AP
contains DONL field, which specifies the 16-bit value of the decoding
order numnber of the aggregated NAL unit. The variable DON for the
aggregated NAL unit is derived as equal to the value of the DONL
field. Al subsequent AUs in the AP MUST 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 same AP plus the value of the DOND field
plus 1 nodul o 65536.

When sprop-nax-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-v3c-tile-id-pres is equal to 2 and the AU NAL unit header
type is in range 0-35, inclusive, the 16-bit v3c-tile-id field MJST
be present in the aggregation unit after the conditional DOND/ DONL
field, otherwi se v3c-tile-id field MJUST 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).
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5.4.4. Fragnmentation 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 fragnment of a NAL unit

consi sts of an integer nunber of consecutive octets of that NAL unit.
Fragments of the same NAL unit MJUST be sent in consecutive order with
ascendi ng RTP sequence nunbers (with no other RTP packets within the
same RTP stream being sent between the first and | ast fragnent.

Whaen a NAL unit is fragnmented and conveyed within FUs, it is referred
to as a fragmented NAL unit. Aggregation packets MJST NOT be
fragmented. FUs MUST NOT be nested; i.e., an FU nust 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 fragnmented NAL unit.

An FU consists of an RTP payl oad header with NUT equal to 57, an
8-bit FU header, a conditional 16-bit DONL field, a conditiona
16-bit v3c-tile-id field, and an FU payl oad. The structure of an FU
is illustrated belowin Figure 7

0 1 2 3

01234567890123456789012345678901
I S i o T s S S S e s s T
| RTP payl oad header (NUT=57) | FU header | DONL (cond)
R R Rl T S N S SR e SR SR S R S SR S SR S S SR S R i
| DONL (cond) | v3c-tile-id (cond) | |
s o S i it N R g S T i i S S S S S S S |
I I
I I
I I
I
|
+-

FU payl oad

S S i S S S S S S
:...OPTIONAL RTP paddi ng |
i T S s e S e e S A S s S S

Figure 7: Fragmentation Unit

The fields in the RTP payl oad header are set as follows. The NUT
field MUST be equal to 57. The rest of the fields MJST be equal to
the fragnented NAL unit.

The presence of the "OPTI ONAL RTP paddi ng" is indicated by the
padding (P) bit in the RTP header. As defined in [RFC3550] the |ast
octet of the padding contains a count of how many paddi ng octets
shoul d be ignored, including itself.

The FU header consists of an S bit, an E bit, and a 6-bit FUT field.
The structure of FU header is illustrated belowin Figure 8.
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01234567
i S S
| S| El FUT |

Figure 8: Fragnentation unit header

When set to 1, the S bit indicates the start of a fragmented NAL
unit, i.e., the first byte of the FU payload is also the first byte
of the payload of the fragmented NAL unit. Wen the FU payload is
not the start of the fragnented NAL unit payload, the S bit MJST be
set to O.

When set to 1, the E bit indicates the end of a fragmented NAL unit,
i.e., the last byte of the payload is also the | ast byte of the
fragmented NAL unit. Wen the FU payload is not the | ast fragment of
a fragnented NAL unit, the E bit MJST be set to O.

The field FUT MUST be equal to the nal _unit_type of the fragmented
NAL unit.

A non-fragmented NAL unit MJST NOT be transmitted in one FU;, i.e.,
the Start bit and End bit MJST NOT both be set to 1 in the sane FU
header .

The DONL field, when present, specifies the value of the 16-bit
decodi ng order nunber of the fragmented NAL unit. |If sprop-max-don-
diff is greater than 0 for any of the RTP streans, and the S bit is
equal to 1, the DONL field MJST be present in the FU, and the
variable DON for the fragmented NAL unit is derived as equal to the
value of the DONL field. O herw se (sprop-max-don-diff is equal to O
for all the RTP streans, or the S bit is equal to 0), the DONL field
MJUST NOT be present in the FU

The v3c-tile-id field, when present, specifies the 16-bit tile
identifier for the fragnented NAL unit. |If sprop-v3c-tile-id-pres is
equal to 1, FUT is in range 0-35, and the S bit is equal to 1, the
v3c-tile-id field MIST be present after the conditional DONL field.

O herwi se, the v3c-tile-id field MUST NOT be present.

The FU payl oad consists of fragnents of the payload of the fragnented
NAL unit so that if the FU payl oads of consecutive FUs, starting with
an FUwith the S bit equal to 1 and ending with an FUwith the E bit
equal to 1, are sequentially concatenated, the payload of the
fragmented NAL unit can be reconstructed.
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The NAL unit header of the fragmented NAL unit is not included as
such in the FU payl oad, but rather the information of the NAL unit
header of the fragnented NAL unit is conveyed in F, NLI, and TID
fields of the RTP payl oad headers of the FUs and the FUT field of the
FU header. An FU payl oad MJUST NOT be enpty.

If an FU is lost, the receiver SHOULD discard all follow ng
fragmentation units in transm ssion order corresponding to the sane
fragmented NAL unit, unless the decoder in the receiver is known to
be prepared to gracefully handl e inconplete NAL units.

5.4.5. Exanple of fragnmentation unit (informative)

This exanple illustrates how fragnmentation unit may be used to divide
one NAL unit into two RTP packets. The Figure 9 depicts the
structure of the first packet with the first part of the fragnented
NAL unit.

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 |
B i s T T i i o S o T Ji I
contributing source (CSRC) identifiers

B T T il ok T oI S R T N S i i SR N T S R S
RTP payl oad header (NUT=57) |1]|0] FUT |
B S I e ol I S S I e i H

I I
I I
+-+ +
I I
+- + |
I I
| FU payl oad |
I I
I I
I I
B i aT T e e o S o S S S I T et sl o ST S S S S S S
Figure 9: First packet of fragmented NAL unit

The Figure 10 visualizes the structure of the second packet with the
rest of the fragnmented NAL unit.
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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 |
B i s T T i i o S o T Ji I
contributing source (CSRC) identifiers

T T T S S e s S S DU SEp S A S S

I I
I I
+- +- +- +
| RTP payl oad header (NUT=57) |O]1] FUT | |
i T S S i St S S S e |
I I
| FU payl oad |
I I
| R S R e i ol S S S T S
| ©...OPTIONAL RTP paddi ng |
i T s i o S i i S R I S I S S S M

Fi gure 10: Second packet of fragmented NAL unit
5.5. Decodi ng order numnber

For each atlas NAL unit, the variable AbsDon is derived, representing
the decodi ng order nunber that is indicative of the NAL unit decoding
order. Let NAL unit n be the n-th NAL unit in transm ssion order

wi thin an RTP stream

I f sprop-max-don-diff is equal to O for all the RTP streans carrying
the atlas bitstream AbsDon[n], the value of AbsDon for NAL unit n,
is derived as equal to n.

O herwi se (sprop-max-don-diff is greater than 0 for any of the RTP

streans), AbsDon[n] is derived as follows, where DON[n] is the value
of the variable DON for NAL unit n:
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If (n == 0)
AbsDon[ n] = DON 0]
El se

If (DON[n] == DON[n-1])
AbsDon[ n] = AbsDon[ n- 1]

If (DON[n] > DON[n-1] and DON[n] - DON[ n-1] < 32768)
AbsDon[ n] = AbsDon[n-1] + DON[n] - DON n-1]

If (DON[n] < DON[n-1] and DON[n-1] - DON[n] >= 32768)
AbsDon[ n] = AbsDon[n-1] + 65536 - DON[ n-1] + DON n]

If (DON[n] > DON[n-1] and DON[n] - DON n-1] >= 32768)
AbsDon[ n] = AbsDon[n-1] - (DON[n-1] + 65536 - DON[n])

If (DON[n] < DON[n-1] and DON[n-1] - DON[n] < 32768)
AbsDon[ n] = AbsDon[n-1] - (DON[n-1] - DON[n])

For any two NAL units mand n, the follow ng applies:

*

6.

AbsDon[ n] greater than AbsDon[nj indicates that NAL unit n follows
NAL unit min NAL unit decoding order.

When AbsDon[n] is equal to AbsDon[n], the NAL unit decodi ng order
of the two NAL units can be in either order.

AbsDon[ n] less than AbsDon[n] indicates that NAL unit n precedes
NAL unit min decoding order.

Packeti zati on and de-packeti zation rul es

The foll owi ng packetization rules apply for V3C atl as dat a:

*

*

I f sprop-mex-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. O herw se (sprop-max-don-diff is equal to
0 for all the RTP streans), the transm ssion order of NAL units
carried in the RTP stream MUST be the same as the NAL unit

decodi ng order.

A NAL unit of a small size SHOULD be encapsul ated 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 exanmple, non-ACL NAL units such as access unit
delimters, paraneter sets, or SEI NAL units are typically small
and can often be aggregated with ACL NAL units w thout violating
MIU si ze constrai nts.
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* Each non-ACL NAL unit SHOULD, when possible, froman MU size
perspective, be encapsulated in an aggregati on packet together
with its associated ACL NAL unit, as typically a non-ACL NAL unit
woul d be neani ngl ess wi thout the associated ACL NAL unit being
avai | abl e.

* For carrying exactly one NAL unit in an RTP packet, a single NAL
unit packet (Section 5.4.2) MJIST 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
unit decodi ng 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 nmechanisns 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
determ ne 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 55,
inclusive, may be passed to the decoder. NAL-unit-like structures
with NAL unit type values in the range of 56 to 63, inclusive,
MUST 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.

* \Wen 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 vi deo payl oad specification(s) define how
packetizati on and de-packetizati on shoul d be handl ed.
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7. Payload format paraneters

This section specifies the optional paraneters. A mapping of the
paraneters into the Session Description Protocol (SDP) [RFC8866] is
al so provided for applications that use SDP. Equival ent paraneters
coul d be defined el sewhere for use with control protocols that do not
use SDP.

The recei ver MJST ignore any paraneter unspecified in this section
7.1. Media type registration
See Section 10.1 for information related to nmedia type registration
7.2. Required paraneters definition
sprop- v3c- par anet er - set :

sprop-v3c-paraneter-set provides V3C paraneter set bytes as defined
in [ISO 1EC 23090-5]. The value contains a base64 encoded [ RFC4648]
representation of the v3c_paraneter_set() syntax el enent.

7.3. Optional paraneters definition
sprop-v3c-unit-header

sprop-v3c-unit-header provides bytes corresponding to a V3C unit
header as defined in [I1SO | EC 23090-5]. The value contai ns base64
encoded [ RFC4648] representation of the 4 bytes of V3C unit header
V3C unit header indicates the details of which V3C conponent the
medi a corresponds to.

sprop-v3c-unit-header contains the sanme information as sprop-v3c-
unit-type, sprop-v3c-vps-id, sprop-v3c-atlas-id, sprop-v3c-attr-idx,
sprop-v3c-attr-part-idx, sprop-v3c-nap-idx, and sprop-v3c-aux-video-
flag conbined. To avoid the potential of signaling conflicting

i nformation, when sprop-v3c-unit-header is present the separate
paraneters MJST NOT be present.

sprop-v3c-unit-type
sprop-v3c-unit-type provides a V3C unit type value corresponding to
vuh_unit_type defined in [I1SO | EC 23090-5], i.e., defines V3C sub-
bitstreamtype such as geometry, occupancy, atlas data or attribute
When sprop-v3c-unit-header is present sprop-v3c-unit-type MJUST NOT be

present. Wen present, the value of sprop-v3c-unit-type SHALL be in
the range of 1 to 31, inclusive.
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sprop-v3c-vps-id:

sprop-v3c-vps-id provides a val ue corresponding to active
vuh_v3c_paraneter _set _id defined in [1SO | EC. 23090-5], i.e., defines
the value of the active V3C paraneter set id.

When sprop-v3c-unit-header is present sprop-v3c-vps-id MIUST NOT be
present. \Wen present, the value of sprop-v3c-vps-id SHALL be in the
range of 0 to 15, inclusive.

sprop-v3c-atlas-id:

sprop-v3c-atlas-id provides a value corresponding to vuh_atlas_id
defined in [I1SO | EC. 23090-5]. Wen a V3C bitstream consists of
multiple atlases, this paraneter indicates the atlas id for the nedia
conmponent .

When sprop-v3c-unit-header is present sprop-v3c-atlas-id MJST NOT be
present. \Wen present, the value of sprop-v3c-atlas-id SHALL be in
the range of 0 to 63, inclusive.

sprop-v3c-attr-idx

sprop-v3c-attr-idx provides a value corresponding to
vuh_attribute_index defined in [I1SO | EC. 23090-5]. An attribute in
V3C determ nes a feature of a reconstructed volumetric prinitive,
this could be for exanple texture (color), transparency, reflectance,
or normal. The attribute index defines which type of attribute the
medi a corresponds to.

When sprop-v3c-unit-header is present sprop-v3c-attr-idx MJST NOT be
present. \Wen present, the value of sprop-v3c-attr-idx SHALL be in
the range of 0 to 127, inclusive.

sprop-v3c-attr-part-idx:

sprop-v3c-attr-part-idx provides a value corresponding to
vuh_attribute partition_index defined in [ISO | EC 23090-5]. 1In V3C
an attribute can be partitioned into nultiple conponents. This may
for exanple be useful, when an attribute consists of four dinensions
but the video codec only supports coding three channels of data.

When sprop-v3c-unit-header is present sprop-v3c-attr-part-idx MJST
NOT be present. When present, the value of sprop-v3c-attr-part-idx
SHALL be in the range of 0 to 31, inclusive.

spr op-v3c- map-i dx:
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sprop-v3c-map-i dx provides a value correspondi ng to vuh_nap_i ndex
defined in [1SO | EC. 23090-5]. Maps in V3C allow storing multiple
| ayers of projected volunetric data.

When sprop-v3c-unit-header is present sprop-v3c-nmap-idx MJST NOT be
present. Wen present, the value of sprop-v3c-map-idx SHALL be in
the range of 0 to 15, inclusive.

spr op-v3c-aux-vi deo-fl ag:

sprop-v3c-aux-vi deo-flag provides a val ue corresponding to
vuh_auxiliary_video_flag defined in [ISO | EC. 23090-5]. Auxiliary
video in V3C can be used to pack volunetric data directly in a video
frame without projecting it into a 2D plane first.

When sprop-v3c-unit-header is present sprop-v3c-aux-video-flag MJST
NOT be present. Wen present, the value of sprop-v3c-aux-video-flag
SHALL be either 0 or 1.

sprop-v3c-tile-id:

sprop-v3c-tile-id indicates that the RTP stream contains only portion
of the tiles in an atlas. The value of sprop-v3c-tile-id contains a
comma-separated (',’) list of integer values, which indicate the tile
ids that are present in the correspondi ng RTP stream

When sprop-v3c-tile-id is not present, the RTP streamis expected to
contain all tiles or only consist of a single tile.

sprop-v3c-tile-id-pres:

sprop-v3c-tile-id-pres indicates that the RTP packets contain v3c-
tile-id field.

When present, the value of sprop-v3c-tile-id-pres SHALL be either 0
or 1. Wen not present, the default value of sprop-v3c-tile-id-pres
is O.

sprop-v3c-atl as-dat a:

sprop-v3c-atlas-data MAY be used to convey any atlas data NAL units
of the V3C atlas sub bitstream for out-of-band transnission. The
val ue contains a conma-separated (',’) list of base64 encoded

[ RFC4648] representations of the atlas NAL units as specified in
[1SO | EC. 23090-5].
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When present, the atlas NAL units stored in the sprop-v3c-atl as-data
shall be applied for duration of the entire stream until an in-band
atlas NAL unit with the same NAL unit type overrides it.

spr op-v3c-common- at | as- dat a:

sprop-v3c-common- at | as-data MAY be used to convey comon atlas data
NAL units of the V3C common atlas sub bitstream for out-of-band
transm ssion. The value contains a comm-separated (',’) list of
base64 encoded [ RFC4648] representations of the common atlas NAL
units (i.e., NAL CASPS and NAL CAF IDR) as specified in

[1SO | EC. 23090-5] .

When present, the comon atlas NAL units stored in the sprop-v3c-
comon- atl as-data shall be applied for duration of the entire stream
until an in-band common atlas NAL unit with the same NAL unit type
overrides it.

sprop-v3c-sei

sprop-v3c-sei MAY be used to convey SEI NAL units of V3C atlas and
common atlas sub bitstreams for out-of-band transm ssion. The val ue
is a comm-separated (',’) list of base64 encoded [ RFC4648]
representations of SEI NAL units (i.e., NAL_PREFI X NSElI and
NAL_SUFFI X _NSElI, NAL PREFI X ESEI, NAL_SUFFI X ESEl) as specified in
[1SO | EC. 23090-5].

When present, the SEI NAL units stored in the sprop-v3c-sei shall be
applied for duration of the entire stream until an in-band SEI NAL
unit with the same SElI payl oad type overrides it.

v3c-ptl-1level -idc:

v3c-ptl-level -idc provides a value corresponding to ptl_|evel idc
defined in [I1SO | EC. 23090-5]. The val ue of v3c-ptl-Ilevel-idc
i ndi cates the level to which the V3C bitstream conforns.

When present, the value of v3c-ptl-level-idc SHALL NOT conflict the
correspondi ng value in the sprop-v3c-paraneter-set. The value of
v3c-ptl-level-idc SHALL be in the range of 0 to 255, inclusive.

v3c-ptl-tier-flag:
v3c-ptl-tier-flag provides a value corresponding to ptl_tier_flag
defined in [1SO I EC. 23090-5]. The value of v3c-ptl-tier-flag

indicates the tier context necessary to interpret the value of v3c-
ptl-level-idc.
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When present, the value of v3c-ptl-tier-flag SHALL NOT conflict the
correspondi ng value in the sprop-v3c-paraneter-set. The val ue of
v3c-ptl-tier-flag SHALL be either 0 or 1.

v3c-ptl-codec-idc:

v3c-ptl-codec-idc provides a val ue corresponding to

ptl _profile_codec_group_idc defined in [ISO | EC 23090-5]. The val ue
of v3c-ptl-codec-idc indicates the codec group profile component to
whi ch the V3C bitstream conforns.

When present, the value of v3c-ptl-codec-idc SHALL NOT conflict the
correspondi ng value in the sprop-v3c-paraneter-set. The value of
v3c-ptl-codec-idc SHALL be in the range of 0 to 127, inclusive.

v3c-ptl-tool set-idc:

v3c-ptl-tool set-idc provides a value corresponding to

ptl _profile_toolset_idc defined in [1SO |EC 23090-5]. The val ue of
v3c-ptl-tool set-idc indicates the tool set conbination profile
component to which the V3C bitstream conforns.

When present, the value of v3c-ptl-toolset-idc SHALL NOT conflict the
correspondi ng value in the sprop-v3c-paraneter-set. The val ue of
v3c-ptl-toolset-idc SHALL be in the range of 0 to 255, inclusive.

v3c-ptl-rec-idc:

v3c-ptl-rec-idc provides a value corresponding to

ptl _profile reconstruction_idc as defined in [ISO | EC. 23090-5]. The
val ue of v3c-ptl-rec-idc indicates the reconstruction profile
component to which the V3C bitstreamis recommended to conform

When present, the value of v3c-ptl-rec-idc SHALL NOT conflict the
correspondi ng value in the sprop-v3c-paraneter-set. The val ue of
v3c-ptl-rec-idc SHALL be in the range of 0 to 255, inclusive.

spr op- max-don-di ff:

If the transmi ssion order of NAL units in the RTP stream(s) is the
sanme as the decoding and NAL unit output order, this paraneter nust
be equal to O.

O herwise, if the decoding order of the NAL units of the RTP
stream(s) is the sane as the NAL unit transm ssion order but not the
same as NAL unit output order, the value of this paraneter MJST be
equal to 1.
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O herwi se, this paraneter specifies the maxi mum absol ute difference
bet ween the decodi ng order number (i.e., AbsDon) values of any two
NAL units nal uA and nal uB, where nal uA foll ows nal uB i n decodi ng
order and precedes nal uB in transm ssion order

The val ue of sprop-max-don-diff MJST be an integer in the range of 0
to 32767, inclusive.

VWhen not present, the value of sprop-nmax-don-diff is inferred to be
equal to O.

7.4. Mapping of parameters to V3C syntax

| Parameter | Required| V3C syntax counter part | ISOTEC |
| | | | 23090-5 |
| | | | section |
| | | | reference |
| sprop-v3c- | YES | v3c_paraneter_set() | 8.3.4.1 |
| parameter- | | | |
| set I I I I
Fom ek T o m e e e e e e e e eea oo Fom e +
| sprop-v3c- | NO | v3c_unit_header() | 8.3.2.2 |
| unit- | | | |
| header | | | |
R Fomm oo o e e e e e e e e e e e o m o R +
| sprop-v3c- | NO | vuh_unit_type | 8.4.2.2 |
| unit-type | I I I
Fom e e o - T o m e e e e e e i e e ee oo Fom e oo +
| sprop-v3c- | NO | vuh_v3c_paraneter_set _id | 8.4.2.2 |
| vps-id I I I I
R Fomm oo o e e e e e e e e e e e o m o R +
| sprop-v3c- | NO | vuh_atlas_id | 8.4.2.2 |
| atlas-id | | | |
Fom e e o - T o m e e e e e e i e e ee oo Fom e oo +
| sprop-v3c- | NO | vuh_attribute_index | 8.4.2.2 |
| attr-idx | | | |
R Fomm oo o e e e e e e e e e e e o m o R +
| sprop-v3c- | NO | vuh_attribute_partition_index | 8.4.2.2 |
| attr-part- | | | |
| idx I I I I
T R o m e e e e e e e e e e aa oo R +
| sprop-v3c- | NO | vuh_map_i ndex | 8.4.2.2 |
| map-idx I I I I
R S SRR T S +
| sprop-v3c- | NO | vuh_auxiliary_ video flag | 8.4.2.2 |
| aux-video- | | | |
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| flag I I I
Fomm e oo - Fomm e - o - o m e e e e e e e e e +
| sprop-v3c- | NO | - |
| tile-id | | |
Fom ek T o m e e e e e e e e eea oo +
| sprop-v3c- | NO | - |
| tile-id- | | I
| pres I I I
R Fomm oo o e e e e e e e e e e e o m o +
| sprop-v3c- | NO | nal _unit() |
| atlas-data | | |
Fom e e o - T o m e e e e e e i e e ee oo +
| sprop-v3c- | NO | nal _unit() |
| comon- | | |
| atlas-data | | |
R S SRR T +
| ssprop- | NO | nal _unit() |
| v3c-sei | | |
T R o m e e e e e e e e e e aa oo +
| v3c-ptl - | NO | ptl_level idc |
| level-idc | | |
R S SRR T +
| v3c-ptl- | NO | ptl_tier_flag |
| tier-flag | | |
T R o m e e e e e e e e e e aa oo +
| v3c-ptl - | NO | ptl_profile_codec_group_idc |
| codec-idc | | |
R S SRR T +
| v3c-ptl- | NO | ptl _profile_toolset idc |
| tool set- | | |
| idc I | |
Fomm e oo - Fomm e - o - o m e e e e e e e e e +
| v3c-ptl - | NO | ptl_profile_reconstruction_idc

| rec-idc | | |
Fom ek T o m e e e e e e e e eea oo +
| sprop-max- | NO | - I
| don-diff | | |
Fomm e oo - Fomm e - o - o m e e e e e e e e e +

Tabl e 2: Mapping of paraneters to V3C syntax

Congestion control considerations
Congestion control for
[ RFC3550] and with any applicable RTP profile, e.g.,
This section only applies for unicast streaning, |eaving
considerations for nulticast stream ng out of scope.
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----------- +
- |
I
----------- +
- I
I
I
----------- +
8.3.5.1 |
I
----------- +
8.3.5.1 |
I
|
----------- +
8.3.5.1 |
I
----------- +
8.4.4.2 |
|
----------- +
8.4.4.2 |
I
----------- +
8.4.4.2 |
|
----------- +
8.4.4.2 |
I
I
----------- +
8.4.4.2 |
I
----------- +
- I
I
----------- +

RTP SHALL be used in accordance with RTP
AVP [ RFC3551] .
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Users of this payload format MJST nonitor packet |oss to ensure that
the packet loss rate is within an acceptable range. Packet loss is
consi dered acceptable if a TCP fl ow across the same network path, and
experiencing the sane network conditions, would achieve an average

t hroughput, neasured on a reasonable tinescale, that is not |ess than
that of the RTP flow (see section 10 of [RFC3550]).

This condition can be satisfied by inplenenting congestion-contro
mechani sms to adapt the transmi ssion rate. A sinple bitrate
adapt ati on for congestion control can be achi eved when real -tine
coding is used for V3C video conponents, where quality parameter can
be adaptively tuned. Video coding specifications MAY define further
adapt ati on techni ques.

An alternative nmethod is to arrange for a receiver to | eave the
session if the loss rate is unacceptably high, for exanple using a
Circuit Breaker [RFC8083] that defines criteria for when one the RTP
flow nust stop sending RTP Packet Streans.

As an exanple, both the sender and the receiver may have their own
definition for an acceptable packet | oss rate. In such a case the
receiver may decide to quit a streamwhen it finds the packet |oss
rate too high. Simlarly the sender nmay decide to drop a receiver
when the reports it receives indicate packet |loss rates that are too
high fromits perspective. These decisions can be nade independently
either by the receiver or the sender.

As an exanple of a bitrate adaptation techni que, a sender or a
receiver may adapt bitrates of specific sub-streans. The adaptation
shoul d be done in a manner that considers the effects on the quality
of the experience as a whole, keeping the subjective quality of
experience as high as possible. 1In an inplenmentation this could nmean
dropping | ess inmportant sub-streams fully, or reducing the bitrates
of the nobst inportant sub-streans throughout the session

9. Session description protoco

A new attribute "v3cfntp" is defined for carrying V3C format nedia
type parameters in the corresponding fields of the Session
Description Protocol (SDP) [RFC8866]. G ouping framework [ RFC5888]
is used to indicate which nmedia lines (video and application) in the
SDP constitute a V3C representation
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9

9

9

1.

2

2

V3C format paraneters "v3cfntp" attribute

This meno defines a new attribute for SDP, intended to carry V3C

specific nedia format paraneters. |Its functionality is simlar to
"a=fntp", with the exception that it SHALL be used without the fnt-
token and that it can be used also on a session level. The attribute

all ows to associate V3C specific nedia format parameters with any
media line in SDP. The detailed information on the new attribute
(a=v3cfntp) is provided in Section 10. 2.

The value of the v3cfmp attribute is a byte-string, as defined in

[ RFC8866], which contains at |east one V3C specific nedia format
paraneter as a "paraneter=value"-pair as defined in this neno.

Mul tipl e sem col on-separated V3C nedi a "paranet er=val ue"-pairs can be
stored in the byte-string to be conveyed by SDP and gi ven unchanged
to the nedia tool that will use this format. Wite spaces in the
byte-string are be ignored.

An exanmpl e of the usage of the new attribute: First |line describes
session |l evel usage of the attribute, signaling a V3C paraneter set.
Second |ine describes nedia |evel attribute, signaling V3C unit
header and profile tier level flag for the associated nedia |ine.

a=v3cf nt p: sprop-v3c- par anet er - set =AUH AAAP/ zwAAAAAACY | At EAgQLAI AAUQ
BACWANMG QEDg QCAI AAAAABPS Cz WAAAAAAAAAQAAAL AE/ WL PAAAAAAAG=;

a=v3cf nt p: sprop-v3c-unit-header =CAAAAA==; v3c-ptl-tier-flag=1
Mappi ng of payl oad type paraneters to SDP

1. For V3C atlas components

* The media nanme in the "m=" |ine of SDP MJUST be application

* The encoding nane in the "a=rtpmap" |line of SDP MJUST be v3c
* The clock rate in the "a=rtpmap" |line MJST be 90000.

* The OPTIONAL paraneters sprop-v3c-atlas-data, sprop-v3c-conmmon-
atl as-data, sprop-v3c-sei, sprop-v3c-tile-id, sprop-v3c-tile-id-
pres, when present, MJST be included in the "a=fmp" |line of SDP
This paraneter is expressed as a nedia type string, in the form of
a senicol on-separated |ist of paraneter=val ue pairs.

* The OPTIONAL paraneters sprop-v3c-unit-header, sprop-v3c-unit-
type, sprop-v3c-vps-id, sprop-v3c-atlas-id, sprop-v3c-attr-idx,
sprop-v3c-attr-part-idx, sprop-v3c-nmap-idx, sprop-v3c-aux-Video-
flag, sprop-max-don-diff, sprop-v3c-paraneter-set, v3c-ptl-Ilevel-
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idc, v3c-ptl-tier-flag, v3c-ptl-codec-idc, v3c-ptl-tool set-idc,
v3c-ptl-rec-idc, when present, MJIST be included in the "a=v3cfmtp"
line of SDP. This paraneter is expressed as a nmedia type string,
in the formof a sem colon-separated |ist of paraneter=val ue
pairs.

The OPTI ONAL paraneters, when present in the V3C atlas component
media 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 paranmeters, |ike sprop-v3c-paraneter-set or sprop-v3c-
unit-header, can't be carried in-band in the atlas stream and nmay
thus be considered static for the session. The carriage of V3C

payl oad format paraneters in "a=fntp" and "a=v3cfntp" attributes is
separated by |ogical context, where "a=fntp" consists of atlas |eve
medi a format paraneters and "a=v3cfntp" contains V3C | evel nedia
format paraneters.

An exanpl e of nmedia representation corresponding to atlas data
component (V3C_AD), where static V3C paraneter set and V3C unit
header is carried out-of-band in SDP, is as foll ows:

meappl i cati on 49170 RTP/ AVP 98
a=rt pmap: 98 v3c/ 90000
a=fmp: 98 sprop-v3c-tile-id=0,1
a=v3cfnt p: sprop-v3c-unit-header =CAAAAA==; v3c-ptl-tier-flag=1
spr op-v3c- par anet er - set =AQD/ AAAP/ zwWAAAAAADWM AQGBWAACAD] g QAADK A==

9.2.2. For V3C video conmponents

* The media name in the "n¥" line of SDP MJST be video.
* The encoding name in the "a=rtpmap" line of SDP can be any video
subtype, e.g., H 264, H 265, H 266 etc.

* The clock rate in the "a=rtprmap" |ine MJST be 90000.

* The OPTIONAL paraneters sprop-v3c-unit-header, sprop-v3c-unit-
type, sprop-v3c-vps-id, sprop-v3c-atlas-id, sprop-v3c-attr-idx,
sprop-v3c-attr-part-idx, sprop-v3c-nmap-idx, sprop-v3c-aux-video-
flag, sprop-nmax-don-diff, sprop-v3c-paraneter-set, sprop-v3c-
atl as-data, sprop-v3c-comon-atl as-data, sprop-v3c-sei, sprop-v3c-
tile-id, sprop-v3c-tile-id-pres, v3c-ptl-level-idc, v3c-ptl-tier-
flag, v3c-ptl-codec-idc, v3c-ptl-toolset-idc, v3c-ptl-rec-idc,
when present, MJST be included in the "a=v3cfntp" |ine of SDP
This paraneter is expressed as a nedia type string, in the form of
a senicol on-separated |ist of paraneter=val ue pairs.
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The OPTI ONAL paraneters, when present in the video nedia |line V3C
format paraneters ("v3cfntp") attribute, specify values that are
considered static for the session.

An exanpl e of media representation corresponding to occupancy video
conmponent (V3C OVD) in SDP is as follows:

mevi deo 49170 RTP/ AVP 99

a=rtpmap: 99 H265/ 90000

a=fm p: 99 sprop- max-don-di f f =0;

a=v3cf nt p: sprop-v3c-unit-header =EAAAAA==

Bel ow i s an exanpl e of nedia representation corresponding to packed
vi deo conponent (V3C _PVD), where static V3C paranmeter set, atlas data
and conmmon atlas data are carried out-of-band in SDP. The values are
considered static for the session, as they can't be signaled in-band
in the video stream

mevi deo 49170 RTP/ AVP 99

a=rtpmap: 99 H265/ 90000

a=v3cf nt p: sprop-v3c- unit-header =KAAAAA==;
spr op-v3c- par anet er - set =AUH AAAP/ zwAAAAAACY! At EAgQQLAI AAUQBACWAMBQ
EDg QCAl AAAAABPS Cz WAAAAAAAAAQAAAL AE/ WL PAAAAAAAG=;
sprop-v3c- atl as- dat a=SAGAFAQ@BaKj uXgABQEKA, SgHmM A==, LgFoDOAFAABaAA
AAAAAT;
sprop-v3c-conmon- at | as- dat a=YAEHgFA=, YQJEAMAAAC/ BOqgcvv/ Dbr/ pTvb8oq
f hC5JQVS9j n7k AQT/ As9EFyr j RBcnxEQe+j 5DUGh TTONZNZAQAAADA==

9.3. Gouping franmework

D fferent V3C conponents MAY be represented by their own respective
RTP streans, whose payload formats are defined in the respective
specifications. V3C atlas data RTP payload format is defined in this
meno, whereas the video conponent RTP payload formats are defined for
exanple in [ RFC6184] or [RFC7798]. A grouping tool, as defined in

[ RFC5888], is extended to indicate which media lines constitute a V3C
representation. Further details on the new grouping type provided in
Section 10. 3.

Goup attribute with V3C type is provided to allow application to
identify "nm lines that belong to the same V3C bitstream G ouping
type V3C MJST be used with the group attribute. The tokens that
follow are mapped to 'mid’' -values of individual nedia lines in the
SDP.

a=group: V3C <t okens>
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The foll owi ng exanpl e shows an SDP including four nedia lines, three

descri bi ng V3C video components (PT: 96=occupancy, PT:97=geonetry,

PT: 98=attri bute) and one V3C atlas component (PT:100). All the nedia
|ines are grouped under one V3C group. V3C paraneter set is provided
via session |level V3C nedia format paraneter attribute.

a=group:V3C 1 2 3 4

a=v3cf nt p: sprop-v3c- par anet er - set =AQD/ AAAP/ zwAAAAAADM ACQBBWAAQAD gQ
AADK A==

mevi deo 40000 RTP/ AVP 96

a=rtprmap: 96 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header =EAAAAA==

a=md: 1

mevi deo 40002 RTP/ AVP 97

a=rt pmap: 97 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header =GAAAAA==

a=m d: 2

mevi deo 40004 RTP/ AVP 98

a=rt pmap: 98 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header =l AAAAA==

a=md: 3

mFappl i cati on 40008 RTP/ AVP 100

a=rt prmap: 100 v3c/ 90000

a=v3cfnt p: sprop-v3c- unit-header =CAAAAA==;

a=md: 4

The exanpl e bel ow descri bes how content with two atl ases can be
signall ed as separate streans. V3C paraneter set is carried in a
session level V3C nedia format paraneter attribute and common atl as
data are carried as part of the nedia | evel V3C nedia format
paraneter attribute corresponding to atlas zero. PT equal to 96, 97,
98 and 100 correspond to occupancy, geonetry, and attribute video
conponent as well as atlas data conmponent for atlas zero. PT equa
to 101, 102, 103 and 104 correspond to respective conmponents for

atl as one.
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a=group:V3C 123456738

a=v3cf nt p: sprop-v3c- par anet er - set =AAUH AAAP/ zwAAABAADW AVWhBWAACQAD; g
QAADgAABCAFoQc AADgA44EAAA6 AKAgABRI A=;

mevi deo 40000 RTP/ AVP 96

a=rtprmap: 96 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header =EAAAAA==

a=md: 1

mevi deo 40002 RTP/ AVP 97

a=rt prmap: 97 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header =GAAAAA==

a=m d: 2

mevi deo 40004 RTP/ AVP 98

a=rt pmap: 98 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header =l AAAAA==

a=md: 3

mFappl i cati on 40008 RTP/ AVP 100

a=rt prmap: 100 v3c/ 90000

a=fm p: 100
spr op-v3c- common- at | as- dat a=YAEHgFA=, YQEAMAAAa+9675v6VP1D+P7LzRsb
WDJ/ yz+ALzMZNf vCg2389Kj d+d6f Zy M6QZBf hr DWBKOvaP2Rr 8L+gLAqg/ ny3wAzs9
vei XEj j S67M H+HAxV/ RgWAf kI / YKI Ne/ Cs WCOBWPAVLACCE 4FnogwYZKI ME6Goi D9
UCodqj LwWCCf 4FnogxqBi | MZNwi EBpJ| duBUoCCf 4FnogwCQeSI MCaG EA9VI dt GwwC
Cf 4FnogvB+al LvW i EBB61 dqobKf nznzoCnzmef nznzoCrizef nznzoCniZref nZnz
oCmZndA=

a=v3cf nt p: sprop-v3c- unit-header =CAAAAA==;

a=md: 4

mevi deo 40010 RTP/ AVP 101

a=rtprmap: 101 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header =EAl ==

a=md: 5

mevi deo 40012 RTP/ AVP 102

a=rtpmap: 102 H264/ 90000

a=v3cfnt p: sprop-v3c-unit-header =GAl ==

a=m d: 6

mevi deo 40014 RTP/ AVP 103

a=rtpmap: 103 H264/ 90000

a=v3cf nt p: sprop-v3c-unit-header=I Al ==

a=md: 7

mrappl i cati on 40018 RTP/ AVP 104

a=rt prmap: 104 v3c/ 90000

a=v3cf nt p: sprop-v3c-unit-header=CAl ==

a=md: 8

9.4. Ofer and answer consi derations
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9.4.1. Unicast

Thi s section describes the negotiation of unicast stream ng using the
of fer/answer nodel as described in [ RFC3264]. V3C coded content
consists of an atlas bitstream and one or nore video coded
bitstreans, together known as V3C conponents. Atlas and video
bitstreanms are represented as separate nmedia lines in the SDP

During the session negotiation the offerer lists all V3C conponents
avai l abl e and informs the answerer which nedia |ines SHOULD be
consuned together. The answerer CAN sel ect V3C conponents as
suggested by the offerer, or select a subset of the V3C conponents by
setting the port to zero for the undesired nedia lines in the answer.
This allows the answerer to consunme a subset of the V3C conponents in
scenarios where it is fully or partially ignorant of the V3C coding
schene.

The following limtations and rules pertaining to the V3C atl as
conponent nedi a configuration apply:

* The paraneters identifying the V3C atlas component mnedi a
configuration is identified by v3c-ptl-level-idc, v3c-ptl-tier-
flag, v3c-ptl-codec-idc, and v3c-ptl-toolset-idc. These nedia
configuration paraneters, except |evel-id, MJST be used
synmmetrically.

* Send only properties, identified by sprop-prefix, are considered
decl arative and SHOULD be omitted in the answers.

The answerer MJST structure its answer according to one of the
foll owing two options:

* maintain all configuration paraneters with the val ues remai ni ng
the sane as in the offer for the nedia format (payload type), with
the exception that the value of v3c-ptl-level-idc is changeable as
|l ong as the highest |evel indicated by the answer is not higher
than that indicated by the offer, or

* reject media line in which one or nore of the paraneter values are
not supported by setting the port to zero in the answer.

The following limtations and rules pertaining to the V3C vi deo
conponent nedi a configuration apply:

* The paraneters identifying a video coded V3C conponent nedia

configuration format are according to the respective RTP video
payl oad specification.
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The answerer MJST structure its answer according to one of the
following two options:

* maintain all configuration paraneters with the val ues renaining
the sane as in the offer for the nedia format (payload type), with
the exceptions specified in the respective RTP video payl oad
speci fication;

* reject the video coded V3C conponent nedia |line conpletely when
one or nore of the paraneter values are not supported by setting
the port to zero in the answer.

To sinplify handling and matching of these configurations, the same
RTP payl oad type number used in the offer SHOULD al so be used in the
answer, as specified in [ RFC3264].

An exanpl e of an offer which only sends V3C content. The follow ng
exanpl e contains video conponents as three different versions (H. 264,
H. 265, H.266). Further differences between the alternatives would be
signaled as part of the nmedia attribute parameters, as is the
practice with regul ar video streans.
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a=group:v3c 1 2 3 4

a=v3cfntp:v3c-ptl-Ievel -idc=60;
spr op-v3c- par anet er - set =AQD/ AAAP/ zwWAAAAAADWM AQG BWAAOAD] g QAADKA==

mevi deo 40000 RTP/ AVP 96 97 98

a=rtprmap: 96 H264/ 90000

a=rtpmap: 97 H265/ 90000

a=rt pmap: 98 H266/ 90000

a=v3cfnt p: sprop-v3c-unit-type=2; sprop-v3c-vps-id=0;
sprop-v3c-atlas-id=0

a=sendonl y

a=md: 1

nmevi deo 40002 RTP/ AVP 99 100 101

a=rtpmap: 99 H264/ 90000

a=rtpmap: 100 H265/ 90000

a=rtprmap: 101 H266/ 90000

a=v3cfntp: sprop-v3c-unit-type=3; sprop-v3c-vps-id=0;
sprop-v3c-atlas-id=0

a=md: 2

a=sendonl y

mevi deo 40004 RTP/ AVP 102 103 104

a=rt prmap: 102 H264/ 90000

a=rtprmap: 103 H265/ 90000

a=rtprmap: 104 H266/ 90000

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

a=md: 3

a=sendonl y

mFappl i cati on 40006 RTP/ AVP 105

a=rt prmap: 105 v3c/ 90000

a=v3cfntp: sprop-v3c-unit-type=1; sprop-v3c-vps-id=0;
sprop-v3c-atlas-id=0;

a=md: 4

a=sendonl y

An exanmpl e of an answer that only receives V3C data with the sel ected
ver si ons.
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a=group:v3c 1 2 3 4

mevi deo 50000 RTP/ AVP 96
a=rt prmap: 96 H264/ 90000
a=recvonly

a=md: 1

mrvi deo 50002 RTP/ AVP 100
a=rtpmap: 100 H265/ 90000
a=recvonly

a=m d: 2

mevi deo 50004 RTP/ AVP 104
a=rt prmap: 104 H266/ 90000
a=recvonly

a=md: 3

meappl i cati on 50006 RTP/ AVP 105
a=rt prmap: 105 v3c/ 90000
a=recvonly

a=md: 4

An exanpl e offer, which allows bundling different V3C conponents into
one stream based on [RFC9143].
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a=group: BUNDLE 1 2 3 4

a=group:v3c 1 2 3 4

mevi deo 40000 RTP/ AVP 96

a=rtprmap: 96 H264/ 90000

a=v3cfnt p: sprop-v3c-unit-type=2; sprop-v3c-vps-i d=0;
sprop-v3c-atlas-id=0

a=md: 1

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

mevi deo 40002 RTP/ AVP 97

a=rtprmap: 97 H264/ 90000

a=v3cfnt p: sprop-v3c-unit-type=3; 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

mevi deo 40004 RTP/ AVP 98

a=rt prmap: 98 H264/ 90000

a=v3cfnt p: sprop-v3c-unit-type=4; 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-id=0;
sprop-v3c-atlas-id=0;
spr op-v3c- par anet er - set =AQD/ AAAP/ zwWAAAAAADWM 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 V3C
component s.
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9.4.2.

a=group: BUNDLE 1 2 3 4

a=group:v3c 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
mrvi deo 0 RTP/ AVP 97

a=rtpmap: 97 H264/ 90000

a=bundl e-onl y

a=m d: 2

a=extmap: 1l urn:ietf:paranms:rtp-hdrext:sdes: md
mrvi deo 0 RTP/ AVP 98

a=rt prmap: 98 H264/ 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

Mul ti cast

For bitstreans being delivered over nulticast, the follow ng rules
appl y:

*

The atlas V3C conponent nedia configuration is identified by v3c-
ptl-level-idc, v3c-ptl-tier-flag, v3c-ptl-codec-idc, and v3c-ptl-
tool set-idc. These atlas format configurati on paranmeters MJST be
used symmetrically; that is, the answerer MJST either naintain all
configuration paraneters or reject the nmedia line, including any
associ ated vi deo coded V3C conponent nedia lines. This inmplies
that v3c-ptl-level-idc for offer/answer in nmulticast is not
changeabl e.

The vi deo coded V3C conponent nedia configuration format is
according the respective RTP video payl oad specification.

To sinplify the handling and matching of these configurations, the
sanme RTP payl oad type nunber used in the offer MJST al so be used
in the answer.

Par amet er sets recei ved MJUST be associated with the originating
source and MUST only be used in decoding the incom ng bitstream
fromthe sane source
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9.5. Declarative SDP consi derations

When V3C content over RTP is offered with SDP in a declarative style,
the paraneters capable of indicating both bitstream properties as
wel | as answerer capabilities are used to indicate only bitstream
properties. For exanple, in this case, the paraneters v3c-ptl-1level-
idc, v3c-ptl-tier-flag, v3c-ptl-codec-idc, v3c-ptl-toolset-idc and
v3c-ptl-rec-idc declare the values used by the bitstream not the
capabilities for receiving bitstreans.

An answerer of the SDP is required to support all paraneters and
val ues of the paraneters provided; otherw se, the answerer MJST
reject or not participate in the session. It falls on the creator of
the session to use values that are expected to be supported by the
recei ving application

10. | ANA consi derations

This meno contains three considerations to | ANA: new nedia type, new
SDP attribute and new groupi ng type.

10.1. V3C nedia type registration
A new nedia type is requested to be registered with | ANA
Type name: application
Subt ype name: v3c
Requi red paraneters: sprop-v3c-paraneter-set
Optional parameters: sprop-v3c-unit-header, sprop-v3c-unit-type,
sprop-v3c-vps-id, sprop-v3c-atlas-id, sprop-v3c-attr-idx, sprop-v3c-
attr-part-idx, sprop-v3c-nmap-idx, sprop-v3c-aux-video-flag, sprop-
v3c-tile-id, sprop-v3c-tile-id-pres, sprop-v3c-atlas-data, sprop-v3c-
common- at | 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
spr op- max-don-di ff.
Encodi ng consi derations: franed
Security considerations: Please see Section 11
Interoperability considerations: NA

Publ i shed specification: "this nenm"

RFC- EDI TOR Pl ease replace "this menp" with the published RFC nunber
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10.

Applications that use this nmedia type: Any application that relies on
V3C- based nedi a services over RTP

Addi tional information: NA
Person & enmil address to contact for further information: Lauri
Ilola (lauri.ilola@okia.com or Lukasz Kondrad
(1l ukasz. kondr ad@oki a. com
I nt ended usage: COVMON
Restrictions on usage: This nedia type depends on RTP fram ng and,
hence, is only defined for transfer via RTP [ RFC3550]. Transport
within other fram ng protocols is not defined at this tine.
Aut hor: See Authors’ Addresses section of this meno
Change controller: |ETF avtcore@etf.org (nailto:avtcore@etf.org)
Provi sional registration? (standards tree only): No
2. V3C format paraneters SDP attribute
A new SDP attribute is requested to be registered with | ANA
Cont act nane: See Authors’ Addresses section of this meno.
Contact enmil address: See Authors’ Addresses section of this meno.
Attribute name: v3cfntp
Attribute val ue: v3cfntp-val ue
Attribute syntax:

v3cfnt p-val ue = byte-string

; Not es:

; - The V3C format paraneters are V3C nedi a type paranmeters and

; need to reflect their syntax.

; - "byte-string"” is as defined in RFC 8866.
Attribute semantics: "v3cfmp-value" is a byte-string, as defined in
[ RFC8866], which contains at |east one V3C specific nedia format
paraneter as a "paraneter=value"-pair as defined in this neno.
Mul tipl e sem col on-separated V3C nedi a "paranet er =val ue"-pairs can be
stored in the byte-string to be conveyed by SDP and gi ven unchanged

to the nedia tool that will use this format. Wite spaces in the
byte-string are be ignored.
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10.

Usage | evel : session, nedia

Charset dependent: no

Purpose: This attribute allows paraneters that are specific to a V3C
format to be conveyed in a way that SDP does not have to understand
them It allows to associate V3C specific paraneters with the
session or with any nedia line. Paranmeters signalled as part of
session level attribute take effect when conflicting parameters are
signalled as nedia | evel attribute.

QO A procedures: v3cfntp attribute can be present both in offers and
answer s

Mux Cat egory: NORVAL
Reference: "this nmeno"

RFC- EDI TOR Pl ease replace "this menp" with the published RFC nunber

B ooty ety e sty e sy ety
| Type | SDP Nane | Usage Level | Mux Category | Reference |
=+t -+t —-————————————————+4——————————————+t———————————+
| attribute | v3cfntp | session, nedia | NORMAL | "this |
I I | menmo” I
R R i R I i I R +

Table 3: Additional details for <attribute-nane> Registry
RFC- EDI TOR: Pl ease replace "this memp" with the published RFC nunber.
3. V3C grouping type extension

SDP Group attribute is extended to establish relationships between
substreans of a V3C representation. This docunent requests IANA to
register the senantics in Table 4 in the "Semantics for the 'group’
SDP Attribute" registry (under the "Session Description Protocol
(SDP) Paraneters" registry group):

B Rl el el s ety o
| Semantics | Token | Mux Category | Reference |
B oo el oo e e oo oo e
| V3C grouping | V3C | NORVAL | "this nmenp" |
I i I +------- I i I I +

Table 4: Additional semantics for V3C SDP group type

RFC- EDI TOR: Pl ease replace "this menmo" with the published RFC nunber.
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11.

Security considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP

speci fication [ 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:
Why 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 neet the basic security
goals like confidentiality, integrity, and source authenticity for
RTP in general. This responsibility lies with 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] .

Thi s docunent does not mandate a specific security nechani sm
Instead, applications are responsible for selecting nechani sns that
follow current best practices for confidentiality, integrity, and
source authentication, and that reflect the evolving security

| andscape beyond what is covered in [RFC7201]. For nodern best
practices, applications can consider the foll owi ng options:

* (D) TLS-based protection: For guidance on using TLS 1.3 and DTLS,
applications should refer to BCP 195, including [ RFC9325], which
provi des up-to-date recommendati ons.

* | Psec-based protection: Relevant and current protoco
specifications include [ RFC4303] (ESP) and [ RFC7296] (| KEv2).

The rest of this Security Considerations section discusses the
security impacting properties of the payload format itself.

A V3C session can consist of nmultiple sub-streans carried over
different RTP streans. Security considerations such as source

aut henti cati on SHOULD be applied to all its constituent sub-streans.
Al'l receivers of V3C data SHOULD exerci se source caution and only
receive data fromsenders that they can trust. Furthernore, this RTP
payl oad format supports multiple RTP streams for different conponents
necessary to produce the decoded output, thus it depends on that al
RTP streans and the signalling conponents, e.g. SDP as well as RTCP
are authentic to what the sender intended.

This RTP payl oad format and its nedia decoder do not exhibit
significant non-uniformty in the receiver-side conputationa
conpl exity for packet processing, and thus are unlikely to pose a
deni al -of -service threat due to the receipt of pathol ogical data.
Nor does the RTP payload format contain any active content.
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12.

12.

Conponents of a systemusing this nmedia type SHALL NOT construct RTP
payl oads that contain executable content. The inplementer of the RTP
payl oad format SHALL guarantee that the received content is properly
depacketized and fed to a V3C standard conpliant decoder. What the
recei ver does with the decoded bitstreamis unspecifi ed.
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