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Abstract

This meno descri bes an RTP payl oad format for the video coding
standard | TU- T Recommendati on H 266 and | SO | EC | nternati onal
Standard 23090-3, both also known as Versatile Video Coding (VWC and
devel oped by the Joint Video Experts Team (JVET). The RTP payl oad
format allows for packetization of one or nore Network Abstraction
Layer (NAL) units in each RTP packet payload as well as fragnentation
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1. Introduction

The Versatile Video Coding [WC] specification, formally published as
both I TU T Recommendati on H 266 and |1 SO | EC I nternational Standard
23090-3, is currently in the ITU-T publication process and the | SO

| EC approval process. WC is reported to provide significant coding
efficiency gains over HEVC [ HEVC] as known as H. 265, and ot her
earlier video codecs.

This meno specifies an RTP payload format for WC. It shares its
basic design with the NAL (Network Abstraction Layer) unit-based RTP
payl oad formats of, H. 264 Video Codi ng [ RFC6184], Scal abl e Vi deo
Codi ng (SVC) [RFC6190], H gh Efficiency Video Coding (HEVC) [RFC7798]
and their respective predecessors. Wth respect to design

phi | osophy, security, congestion control, and overall inplenmentation
conplexity, it has simlar properties to those earlier payload format
specifications. This is a conscious choice, as at |east RFC 6184 is
w dely depl oyed and generally known in the rel evant inplenenter
communities. Certain nmechani sns known from [ RFC6190] were
incorporated in WC, as WC version 1 supports tenporal, spatial, and
signal -to-noise ratio (SNR) scalability.

1.1. Overview of the WC Codec

WC and HEVC share a simlar hybrid video codec design. 1In this
meno, we provide a very brief overview of those features of VWC that
are, in sone form addressed by the payload format specified herein.
| npl emrenters have to read, understand, and apply the ITUT/1SQO I1EC
specifications pertaining to VWC to arrive at interoperable, well-
perform ng i npl enentations.

Conceptual ly, both WC and HEVC i nclude a Vi deo Codi ng Layer (VCL),
which is often used to refer to the coding-tool features, and a NAL
which is often used to refer to the systens and transport interface
aspects of the codecs.
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1.1.1. Coding-Tool Features (informative)

Codi ng tool features are described bel ow with occasional reference to
the coding tool set of HEVC, which is well known in the comunity.

Simlar to earlier hybrid-video-codi ng-based standards, including
HEVC, the foll ow ng basic video coding design is enployed by WC. A
prediction signal is first formed by either intra- or notion-
conpensated prediction, and the residual (the difference between the
original and the prediction) is then coded. The gains in coding
efficiency are achieved by redesigning and i nproving alnost all parts
of the codec over earlier designs. |In addition, VVC includes several
tools to make the inplenentation on parallel architectures easier.

Finally, WC includes tenporal, spatial, and SNR scalability as well
as nul tiview codi ng support.

Codi ng bl ocks and transform structure

Anong maj or codi ng-tool differences between HEVC and WC, one of the
i mportant inprovenents is the nore flexible coding tree structure in
WC, i.e., multi-type tree. 1In addition to quadtree, binary and
ternary trees are al so supported, which contributes significant

i nprovenent in coding efficiency. NMoreover, the maxi num size of
coding tree unit (CTU) is increased from 64x64 to 128x128. To

i mprove the coding efficiency of chroma signal, |luma chroma separated
trees at CTU |l evel may be enployed for intra-slices. The square
transforns in HEVC are extended to non-square transforns for
rectangul ar bl ocks resulting frombinary and ternary tree splits.
Besi des, WC supports nultiple transformsets (MIS), including DCT-2,
DST-7, and DCT-8 as well as the non-separabl e secondary transform
The transforns used in VWC can have different sizes with support for
| arger transform sizes. For DCT-2, the transform sizes range from
2x2 to 64x64, and for DST-7 and DCT-8, the transform sizes range from
4x4 to 32x32. In addition, WC al so support sub-block transformfor
both intra and inter coded blocks. For intra coded blocks, intra
sub-partitioning (1SP) may be used to all ow sub-bl ock based intra
prediction and transform For inter blocks, sub-block transform may
be used assuming that only a part of an inter-block has non-zero
transform coefficients.

Ent ropy codi ng

Simlar to HEVC, WC uses a single entropy-coding engine, which is
based on context adaptive binary arithnetic coding [ CABAC], but with
t he support of nulti-w ndow sizes. The w ndow sizes can be
initialized differently for different context nodels. Due to such a
design, it has nore efficient adaptation speed and better coding
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efficiency. A joint chroma residual coding schene is applied to
further exploit the correlation between the residuals of two col or
conmponents. In WC, different residual coding schenes are applied
for regular transform coefficients and resi dual sanples generated
usi ng transform ski p node.

In-loop filtering

WC has nore feature support in loop filters than HEVC. The

debl ocking filter in WC is simlar to HEVC but operates at a snaller
grid. After debl ocking and sanpl e adaptive offset (SAO, an adaptive
loop filter (ALF) may be used. As a Wener filter, ALF reduces

di stortion of decoded pictures. Besides, WC introduces a new nodul e
bef ore debl ocking called | uma mapping with chroma scaling to fully
utilize the dynam c range of signal so that rate-distortion

per formance of both SDR and HDR content is inproved.

Motion prediction and codi ng

Conpared to HEVC, WC introduces several inprovenents in this area.
First, there is the adaptive notion vector resolution (AMWR), which
can save bit cost for notion vectors by adaptively signaling notion
vector resolution. Then the affine notion conpensation is included
to capture conplicated notion |like zoom ng and rotation. Meanwhil e,
prediction refinement wwth the optical flow with affine node (PROF)
is further deployed to mmc affine notion at the pixel |evel.
Thirdly the decoder side notion vector refinenent (DWR) is a nethod
to derive W vector at decoder side based on block matching so that
fewer bits nmay be spent on notion vectors. Bi-directional optical
flow (BDOF) is a simlar method to PROF. BDOF adds a sanple w se

of fset at 4x4 sub-block level that is derived with equations based on
gradients of the prediction sanples and a notion difference relative
to CU notion vectors. Furthernore, nmerge with notion vector
difference (MWD) is a special node, which further signals a limted
set of notion vector differences on top of nerge node. In addition
to MWD, there are another three types of special nerge nodes, i.e.,
sub- bl ock nerge, triangle, and conbined intra-/inter-prediction
(Cl1P). Sub-block nmerge list includes one candi date of sub-bl ock
tenporal notion vector prediction (SbTMWP) and up to four candi dates
of affine notion vectors. Triangle is based on triangul ar bl ock
noti on conpensation. ClIIP conbines intra- and inter- predictions
with weighting. Adaptive weighting may be enpl oyed with a bl ock-

| evel tool called bi-prediction with CU based wei ghting (BCW which
provides nore flexibility than in HEVC

Intra prediction and intra-coding
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To capture the diversified | ocal inmage texture directions with finer
granularity, VWWC supports 65 angul ar directions instead of 33
directions in HEVC. The intra node coding is based on a 6-nost -

pr obabl e- nbde schene, and the 6 nost probable nodes are derived using
the neighboring intra prediction directions. |In addition, to deal
with the different distributions of intra prediction angles for
different block aspect ratios, a wde-angle intra prediction (WA P)
schene is applied in WC by including intra prediction angles beyond
those present in HEVC. Unlike HEVC which only allows using the nost
adj acent line of reference sanples for intra prediction, WC al so
allows using two further reference lines, as known as nulti-
reference-line (MRL) intra prediction. The additional reference
lines can be only used for the 6 nost probable intra prediction
nodes. To capture the strong correlation between different col our
conmponents, in WC, a cross-conponent |inear node (CCLM is utilized
whi ch assunmes a linear relationship between the | unma sanpl e val ues
and their associated chronma sanples. For intra prediction, WC al so
applies a position-dependent prediction conbination (PDPC) for
refining the prediction sanples closer to the intra prediction bl ock
boundary. Matrix-based intra prediction (MP) nodes are also used in
VWC whi ch generates an up to 8x8 intra prediction block using a

wei ght ed sum of downsanpl ed nei ghbori ng reference sanples, and the
wei ghts are hardcoded constants.

O her coding-tool feature

WC i ntroduces dependent quantization (DQ to reduce quantization
error by state-based switching between two quanti zers.

1.1.2. Systens and Transport Interfaces (informative)

WC inherits the basic systens and transport interfaces designs from
HEVC and H. 264. These include the NAL-unit-based syntax structure,
the hierarchical syntax and data unit structure, the suppl enental
enhancenent information (SEl) nessage nechani sm and the video

buf feri ng nodel based on the hypothetical reference decoder (HRD).
The scalability features of WC are conceptually simlar to the

scal abl e variant of HEVC known as SHVC. The hierarchical syntax and
data unit structure consists of paraneter sets at various |evels
(decoder, sequence (pertaining to all), sequence (pertaining to a
single), picture), picture-level header paraneters, slice-Ievel
header paraneters, and |ower-|evel paraneters.

A nunber of key conponents that influenced the network abstraction
| ayer design of WC as well as this nmeno are described bel ow

Decodi ng capability information
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The decodi ng capability information includes paranmeters that stay
constant for the lifetine of a Video Bitstream which in |ETF terns
can translate to the lifetinme of a session. Such information

i ncludes profile, level, and sub-profile information to determ ne a
maxi mum capability interop point that is guaranteed to be never
exceeded, even if splicing of video sequences occurs within a

session. It further includes constraint fields (nost of which are
flags), which can optionally be set to indicate that the video
bitstreamw || be constraint in the use of certain features as

i ndi cated by the values of those fields. Wth this, a bitstream can
be | abelled as not using certain tools, which allows anong ot her
things for resource allocation in a decoder inplenentation.

Vi deo paraneter set

The ideo paranmeter set (VPS) pertains to a coded vi deo sequences
(CVS) of multiple |ayers covering the sane range of access units, and
i ncl udes, anong other information decodi ng dependency expressed as
information for reference picture list construction of enhancenent

| ayers. The VPS provides a "big picture” of a scal abl e sequence,

i ncludi ng what types of operation points are provided, the profile,
tier, and | evel of the operation points, and sone other high-I|evel
properties of the bitstreamthat can be used as the basis for session
negoti ati on and content selection, etc. One VPS may be referenced by
one or nore sequence paraneter sets.

Sequence par aneter set

The sequence paraneter set (SPS) contains syntax el enents pertaining
to a coded | ayer video sequence (CLVS), which is a group of pictures
bel onging to the sane |ayer, starting with a random access point, and
foll owed by pictures that may depend on each other, until the next
random access point picture. In MPGEG 2, the equivalent of a CVS was
a group of pictures (GOP), which normally started with an I frane and
was followed by P and B franes. Wile nore conplex in its options of
random access points, VWC retains this basic concept. One renarkable
difference of WC is that a CLVS may start with a G adual Decoding
Refresh (GDR) picture, without requiring presence of traditiona
random access points in the bitstream such as instantaneous decodi ng

refresh (IDR) or clean random access (CRA) pictures. In many TV-1like
applications, a CVS contains a few hundred mlliseconds to a few
seconds of video. In video conferencing (w thout sw tching MCUs

i nvol ved), a CVS can be as long in duration as the whol e session.
Picture and adaptati on paraneter set

The picture paraneter set and the adaptation paraneter set (PPS and
APS, respectively) carry information pertaining to zero or nore
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pi ctures and zero or nore slices, respectively. The PPS contains
information that is |likely to stay constant from picture to picture-
at least for pictures for a certain type-whereas the APS contains

i nformati on, such as adaptive loop filter coefficients, that are
likely to change frompicture to picture or even within a picture. A
single APS is referenced by all slices of the sanme picture if that
APS contains information about |uma mapping wth chroma scaling
(LMCS) or scaling list. Different APSs containing ALF paranmeters can
be referenced by slices of the same picture.

Pi ct ure header

A Picture Header contains information that is common to all slices
that belong to the sane picture. Being able to send that infornmation
as a separate NAL unit when pictures are split into several slices
allows for saving bitrate, conpared to repeating the same information
inall slices. However, there m ght be scenarios where lowbitrate
video is transmtted using a single slice per picture. Having a
separate NAL unit to convey that information incurs in an overhead
for such scenarios. For such scenarios, the picture header syntax
structure is directly included in the slice header, instead of in its
own NAL unit. The node of the picture header syntax structure being
included in its owm NAL unit or not can only be switched on/off for
an entire CLVS, and can only be switched off when in the entire CLVS
each picture contains only one slice.

Profile, tier, and | evel

The profile, tier and I evel syntax structures in DCl, VPS and SPS
contain profile, tier, level information for all layers that refer to
the DCI, for layers associated wth one or nore output |ayer sets
speci fied by the VPS, and for any layer that refers to the SPS,
respectively.

Sub-profiles

Wthin the WC specification, a sub-profile is a 32-bit nunber, coded
according to ITUT Rec. T.35, that does not carry a semantics. It is
carried in the profile_tier_level structure and hence (potentially)
present in the DCl, VPS, and SPS. External registration bodies can
register a T.35 codepoint with ITU T registration authorities and
associate with their registration a description of bitstream
restrictions beyond the profiles defined by ITUT and ISOIEC. This
woul d al | ow encoder manufacturers to | abel the bitstreans generated

by their encoder as conplying with such sub-profile. It is expected
t hat upstream standardi zati on organi zati ons (such as: DVB and ATSC),
as well as walled-garden video services wll take advantage of this

| abelling system In contrast to "normal"” profiles, it is expected
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that sub-profiles may indicate encoder choices traditionally |eft
open in the (decoder- centric) video coding specs, such as GOP
structures, mni mun maxi mrum QP val ues, and the nmandatory use of
certain tools or SElI nessages.

CGeneral constraint fields

The profile_tier_level structure carries a considerabl e nunber of
constraint fields (nost of which are flags), which an encoder can use
to indicate to a decoder that it will not use a certain tool or
technol ogy. They were included in reaction to a perceived market
need for labelling a bitstreamas not exercising a certain tool that
has beconme commercial |y unvi abl e.

Tenporal scalability support

WC includes support of tenporal scalability, by inclusion of the
signaling of Tenporalld in the NAL unit header, the restriction that
pictures of a particular tenporal sublayer cannot be used for inter
prediction reference by pictures of a |ower tenporal sublayer, the
sub-bi tstream extracti on process, and the requirenment that each sub-
bitstream extracti on output be a conform ng bitstream Medi a-Aware
Net wor k El ements (MANEs) can utilize the Tenporalld in the NAL unit
header for stream adaptation purposes based on tenporal scalability.

Ref erence picture resanpling (RPR)

In AVC and HEVC, the spatial resolution of pictures cannot change
unl ess a new sequence using a new SPS starts, with an | RAP picture.
WC enabl es picture resolution change wthin a sequence at a position
wi t hout encoding an | RAP picture, which is always intra-coded. This
feature is sonetines referred to as reference picture resanpling
(RPR), as the feature needs resanpling of a reference picture used
for inter prediction when that reference picture has a different
resolution than the current picture being decoded. RPR allows

resol uti on change without the need of coding an | RAP picture, which
causes a nonentary bit rate spike in stream ng or video conferencing
scenarios, e.g., to cope with network condition changes. RPR can

al so be used in application scenarios wherein zooning of the entire
vi deo region or some region of interest is needed.

Spatial, SNR, and multiview scalability

WC i ncludes support for spatial, SNR, and multiview scalability.

Scal abl e video coding is widely considered to have technical benefits
and enrich services for various video applications. Until recently,
however, the functionality has not been included in the first version
of specifications of the video codecs. In WC, however, all those
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forms of scalability are supported in the first version of WC
natively through the signaling of the layer_id in the NAL unit
header, the VPS which associates layers with given |ayer_ids to each
ot her, reference picture selection, reference picture resanpling for
spatial scalability, and a nunber of other nechanisnms not relevant
for this nmeno.

Spatial scalability

Wth the existence of Reference Picture Resanpling (RPR), the
addi tional burden for scalability support is just a

nodi fication of the high-level syntax (HLS). The inter-Iayer
prediction is enployed in a scal able systemto inprove the
codi ng efficiency of the enhancenent layers. |In addition to
the spatial and tenporal notion-conpensated predictions that
are available in a single-layer codec, the inter-I|ayer
prediction in WC uses the possibly resanpled video data of the
reconstructed reference picture froma reference layer to
predi ct the current enhancenent |ayer. The resanpling process
for inter-layer prediction, when used, is perfornmed at the

bl ock-l evel, reusing the existing interpolation process for
notion conpensation in single-layer coding. It nmeans that no
addi ti onal resanpling process is needed to support spatial

scal ability.

SNR scal ability

SNR scal ability is simlar to spatial scalability except that
the resanpling factors are 1:1. |In other words, there is no
change in resolution, but there is inter-layer prediction.

Mul tiview scalability

The first version of WC al so supports nultiview scalability,
wherein a nulti-layer bitstreamcarries |ayers representing

mul tiple views, and one or nore of the represented views can be
out put at the sane tine.

SEI nessages

Suppl enentary enhancenent information (SElI) nessages are information
in the bitstreamthat do not influence the decodi ng process as
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specified in the WC spec, but address issues of representation/
rendering of the decoded bitstream |abel the bitstreamfor certain
appl i cations, anong other, simlar tasks. The overall concept of SEI
nessages and many of the nessages thensel ves has been inherited from
the H 264 and HEVC specs. Except for the SEI nessages that affect
the specification of the hypothetical reference decoder (HRD), other
SElI nessages for use in the WC environnent, which are generally
useful also in other video coding technol ogies, are not included in
the main WC specification but in a conpanion specification [VSEI].

1.1.3. High-Level Picture Partitioning (informative)

VWC inherited the concept of tiles and wavefront parallel processing
(WPP) fromHEVC, with some mnor to noderate differences. The basic
concept of slices was kept in WC but designed in an essentially
different form WCis the first video coding standard that includes
subpi ctures as a feature, which provides the sane functionality as
HEVC notion-constrained tile sets (MCTSs) but designed differently to
have better coding efficiency and to be friendlier for usage in
application systenms. More details of these differences are descri bed
bel ow.

Til es and WPP

Same as in HEVC, a picture can be split into tile rows and tile
colums in WC, in-picture prediction across tile boundaries is

di sal | oned, etc. However, the syntax for signaling of tile
partitioning has been sinplified, by using a unified syntax design
for both the uniformand the non-uniformnode. |[|n addition,
signaling of entry point offsets for tiles in the slice header is
optional in WC while it is mandatory in HEVC. The WPP design in WC
has two differences conpared to HEVC. i) The CTU row delay is reduced
fromtwo CTUs to one CTU; ii) Signaling of entry point offsets for
WPP in the slice header is optional in WC while it is mandatory in
HEVC.

Slices

In WC, the conventional slices based on CTUs (as in HEVC) or
macr obl ocks (as in AVC) have been renoved. The main reasoni ng behind
this architectural change is as follows. The advances in video
codi ng since 2003 (the publication year of AVC v1l) have been such

t hat slice-based error conceal nent has becone practically inpossible,
due to the ever-increasing nunber and efficiency of in-picture and
inter-picture prediction nechanisns. An error-concealed picture is
the decoding result of a transmtted coded picture for which there is
sone data loss (e.g., loss of sone slices) of the coded picture or a
reference picture for at |east sone part of the coded picture is not
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error-free (e.g., that reference picture was an error-conceal ed
picture). For exanple, when one of the nultiple slices of a picture
is lost, it my be error-conceal ed using an interpolation of the

nei ghboring slices. While advanced video codi ng prediction

mechani snms provide significantly higher coding efficiency, they also
make it harder for machines to estimate the quality of an error-
conceal ed picture, which was already a hard problemw th the use of
simpl er prediction nmechani sns. Advanced in-picture prediction
mechani snms al so cause the coding efficiency |Ioss due to splitting a
picture into multiple slices to be nore significant. Furthernore,
network conditions becone significantly better while at the sane tine
techni ques for dealing with packet | osses have becone significantly
improved. As a result, very few inplenentations have recently used
slices for maxi mumtransm ssion unit size matching. |nstead,
substantially all applications where |lowdelay error resilience is
required (e.g., video tel ephony and video conferencing) rely on
systenitransport-|level error resilience (e.g., retransm ssion,
forward error correction) and/or picture-based error resilience tools
(f eedback-based error resilience, insertion of IRAPs, scalability

wi th higher protection |evel of the base |layer, and so on).
Considering all the above, nowadays it is very rare that a picture

t hat cannot be correctly decoded is passed to the decoder, and when
such a rare case occurs, the systemcan afford to wait for an error-
free picture to be decoded and avail able for display wthout
resulting in frequent and | ong periods of picture freezing seen by
end users.

Slices in WC have two nodes: rectangul ar slices and raster-scan
slices. The rectangular slice, as indicated by its nanme, covers a
rectangul ar region of the picture. Typically, a rectangular slice
consi sts of several conplete tiles. However, it is also possible
that a rectangular slice is a subset of a tile and consists of one or
nore consecutive, conplete CTUrows within a tile. A raster-scan
slice consists of one or nore conplete tiles in a tile raster scan
order, hence the region covered by a raster-scan slices need not but
coul d have a non-rectangul ar shape, but it may al so happen to have

t he shape of a rectangle. The concept of slices in WC is therefore
strongly linked to or based on tiles instead of CIUs (as in HEVC) or
macr obl ocks (as in AVC).

Subpi ct ures

WC is the first video coding standard that includes the support of
subpictures as a feature. Each subpicture consists of one or nore
conpl ete rectangul ar slices that collectively cover a rectangul ar
region of the picture. A subpicture may be either specified to be
extractable (i.e., coded independently of other subpictures of the
same picture and of earlier pictures in decoding order) or not
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extractable. Regardl ess of whether a subpicture is extractable or
not, the encoder can control whether in-loop filtering (including
debl ocki ng, SAO, and ALF) is applied across the subpicture boundaries
i ndividually for each subpicture.

Functional ly, subpictures are simlar to the notion-constrained tile
sets (MCTSs) in HEVC. They both all ow i ndependent codi ng and
extraction of a rectangul ar subset of a sequence of coded pictures,
for use cases |like viewport-dependent 3600 video strean ng

optim zation and region of interest (RO) applications.

There are several inportant design differences between subpictures
and MCTSs. First, the subpictures feature in WC allows notion
vectors of a coding block pointing outside of the subpicture even
when the subpicture is extractabl e by applying sanpl e paddi ng at
subpi cture boundaries in this case, simlarly as at picture
boundaries. Second, additional changes were introduced for the

sel ection and derivation of notion vectors in the nerge node and in
t he decoder side notion vector refinenment process of WC.  This

al  ows hi gher coding efficiency conpared to the non-normative notion
constraints applied at the encoder-side for MCTSs. Third, rewiting
of SHs (and PH NAL units, when present) is not needed when extracting
one or nore extractabl e subpictures froma sequence of pictures to
create a sub-bitstreamthat is a conformng bitstream |In sub-

bi t stream extracti ons based on HEVC MCTSs, rewiting of SHs is
needed. Note that in both HEVC MCTSs extraction and VVC subpictures
extraction, rewiting of SPSs and PPSs is needed. However, typically
there are only a few paraneter sets in a bitstream while each
picture has at | east one slice, therefore rewiting of SHs can be a
significant burden for application systens. Fourth, slices of

di fferent subpictures within a picture are allowed to have different
NAL unit types. Fifth, VWC specifies HRD and | evel definitions for
subpi cture sequences, thus the conformance of the sub-bitstream of
each extractabl e subpi cture sequence can be ensured by encoders.

1.1.4. NAL Unit Header
VWWC mai ntains the NAL unit concept of HEVC with nodifications. WC

uses a two-byte NAL unit header, as shown in Figure 1. The payl oad
of a NAL unit refers to the NAL unit excluding the NAL unit header.
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| O] 1] 2| 3] 4] 5] 6] 7] O] 1| 2| 3| 4] 5] 6] 7|
B T i S S S o T 5
| F| Z| LayerID | Type | TID

The Structure of the WC NAL Unit Header.

Figure 1

The semantics of the fields in the NAL unit header are as specified
in WC and described briefly bel ow for convenience. |In addition to
t he nane and size of each field, the correspondi ng syntax el ement
name in WC is al so provided.

F

1 bit

forbi dden_zero_bit. Required to be zero in WC. Note that the
inclusion of this bit in the NAL unit header was to enabl e
transport of VWWC video over MPEG 2 transport systens (avoi dance of
start code enulations) [ MPERS]. |In the context of this meno the
value 1 may be used to indicate a syntax violation, e.g., for a
NAL unit resulted from aggregating a nunber of fragnented units of
a NAL unit but mssing the |ast fragnent, as described in

Section TBD.

1 bit

nuh_reserved_zero_bit. Required to be zero in WC, and reserved
for future extensions by ITUT and | SO | EC

This meno does not overload the "Z" bit for |ocal extensions, as
a) overloading the "F" bit is sufficient and b) to preserve the
useful ness of this nmeno to possible future versions of [VWW(

Layerld: 6 bits

nuh_layer _id. ldentifies the layer a NAL unit belongs to, wherein
a layer may be, e.g., a spatial scalable layer, a quality scal able
| ayer

Type: 5 bits

Zhao,

nal _unit_type. This field specifies the NAL unit type as defined
in Table 7-1 of WC. For a reference of all currently defined NAL
unit types and their semantics, please refer to Section 7.4.2.2 in
WWC.
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TID: 3 bits

nuh_tenporal id plusl. This field specifies the tenporal
identifier of the NAL unit plus 1. The value of Tenporalld is
equal to TIDmnus 1. A TID value of O is illegal to ensure that
there is at least one bit in the NAL unit header equal to 1, so to
enabl e i ndependent consi derations of start code enulations in the
NAL unit header and in the NAL unit payl oad data.

1.2. Overview of the Payl oad For mat

Thi s payl oad format defines the follow ng processes required for
transport of VVWC coded data over RTP [ RFC3550]:

0 Usage of RTP header with this payl oad format

o Packetization of WC coded NAL units into RTP packets using three
types of payload structures: a single NAL unit packet, aggregation
packet, and fragnent unit

o Transm ssion of WC NAL units of the sane bitstreamw thin a
single RTP stream

o0 Media type paraneters to be used with the Session Description
Prot ocol (SDP) [ RFC4A566]

o FrameMarking mapping [I-D.ietf-avtext-framemarking]

2. Conventions
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "NOT RECOMMENDED', "MAY", and
"OPTI ONAL" in this docunent are to be interpreted as described in BCP
14 [RFC2119] [RFCB174] when, and only when, they appear in al
capitals, as shown above.

3. Definitions and Abbreviations

3.1. Definitions
Thi s docunment uses the terns and definitions of WC.  Section 3.1.

1
lists relevant definitions from[VWC for convenience. Section 3.1.2
provi des definitions specific to this neno.
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3.1.1. Definitions fromthe VWVWC Specification

Access unit (AU): A set of PUs that belong to different layers and
contain coded pictures associated with the sane tinme for output from
t he DPB.

Adapt ation paraneter set (APS): A syntax structure containing syntax
el ements that apply to zero or nore slices as determ ned by zero or
nore syntax elenments found in slice headers.

Bitstream A sequence of bits, in the formof a NAL unit streamor a
byte stream that forns the representation of a sequence of AUs
form ng one or nore coded video sequences (CVSs).

Coded picture: A coded representation of a picture conprising VCL NAL
units with a particular value of nuh_layer id within an AU and
containing all CTUs of the picture.

G ean random access (CRA) PU. A PU in which the coded picture is a
CRA picture.

Cl ean random access (CRA) picture: An IRAP picture for which each VCL
NAL unit has nal _unit_type equal to CRA NUT

Coded vi deo sequence (CVS): A sequence of AUs that consists, in
decodi ng order, of a CVSS AU, followed by zero or nore AUs that are
not CVSS AUs, including all subsequent AUs up to but not including
any subsequent AU that is a CVSS AU

Coded vi deo sequence start (CVSS) AU. An AU in which there is a PU
for each layer in the CVS and the coded picture in each PUis a CLVSS
pi cture.

Coded | ayer video sequence (CLVS): A sequence of PUs with the sane
val ue of nuh_layer id that consists, in decoding order, of a CLVSS
PU, followed by zero or nore PUs that are not CLVSS PUs, including
all subsequent PUs up to but not including any subsequent PU that is
a CLVSS PU.

Coded | ayer video sequence start (CLVSS) PU. A PU in which the coded
picture is a CLVSS picture.

Coded | ayer video sequence start (CLVSS) picture: A coded picture
that is an | RAP picture wi th NoQut put Bef oreRecoveryFl ag equal to 1 or
a CGDR picture with NoQutput Bef oreRecoveryFl ag equal to 1

Coding tree unit (CTU): A CIB of luma sanples, two correspondi ng CTBs
of chroma sanples of a picture that has three sanple arrays, or a CIB
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of sanples of a nonochronme picture or a picture that is coded using
three separate col our planes and syntax structures used to code the
sanpl es.

Decodi ng Capability Information (DCl): A syntax structure containing
syntax el enents that apply to the entire bitstream

Decoded picture buffer (DPB): A buffer hol ding decoded pictures for
reference, output reordering, or output delay specified for the
hypot heti cal reference decoder.

G adual decoding refresh (GDR) picture: A picture for which each VCL
NAL unit has nal _unit_type equal to GDR_NUT

I nst ant aneous decoding refresh (IDR) PU. A PU in which the coded
picture is an | DR picture.

I nst ant aneous decoding refresh (IDR) picture: An | RAP picture for
whi ch each VCL NAL unit has nal _unit_type equal to | DR_ WRADL or
| DR_ N LP.

Intra random access point (IRAP) AU. An AU in which there is a PU for
each layer in the CVS and the coded picture in each PUis an | RAP
pi cture.

Intra random access point (IRAP) PU A PUin which the coded picture
is an | RAP picture.

Intra random access point (I RAP) picture: A coded picture for which
all VCL NAL units have the sane value of nal _unit _type in the range
of DR WRADL to CRA NUT, inclusive.

Layer: A set of VCL NAL units that all have a particul ar val ue of
nuh_layer _id and the associ ated non-VCL NAL units.

Net wor k abstraction |layer (NAL) unit: A syntax structure containing
an indication of the type of data to follow and bytes containing that
data in the formof an RBSP interspersed as necessary with enul ation
preventi on bytes.

Net wor k abstraction layer (NAL) unit stream A sequence of NAL units.

Qperation point (OP): A tenporal subset of an COLS, identified by an
OLS index and a hi ghest val ue of Tenporalld.

Picture parameter set (PPS): A syntax structure containing syntax

el enents that apply to zero or nore entire coded pictures as
determ ned by a syntax elenment found in each slice header.
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Picture unit (PU: A set of NAL units that are associated with each
ot her according to a specified classification rule, are consecutive
in decoding order, and contain exactly one coded picture.

Random access: The act of starting the decoding process for a
bitstream at a point other than the begi nning of the stream

Sequence paraneter set (SPS): A syntax structure containing syntax

el enents that apply to zero or nore entire CLVSs as determ ned by the
content of a syntax elenent found in the PPS referred to by a syntax
el emrent found in each picture header.

Slice: An integer nunmber of conplete tiles or an integer nunber of
consecutive conplete CTUrows within a tile of a picture that are
exclusively contained in a single NAL unit.

Slice header (SH): A part of a coded slice containing the data
el enents pertaining to all tiles or CTUrows within a tile
represented in the slice.

Subl ayer: A tenporal scal able |layer of a tenporal scal able bitstream
consisting of VCL NAL units with a particular value of the Tenporalld
vari able, and the associated non-VCL NAL units.

Subpi cture: An rectangul ar region of one or nore slices within a
pi cture.

Subl ayer representation: A subset of the bitstream consisting of NAL
units of a particul ar sublayer and the | ower subl ayers.

Tile: A rectangular region of CTUs wwthin a particular tile colum
and a particular tile rowin a picture.

Tile colum: A rectangul ar region of CTUs having a height equal to
the height of the picture and a width specified by syntax elenents in
the picture paraneter set.

Tile row. A rectangul ar region of CTUs having a height specified by
syntax elenents in the picture paraneter set and a width equal to the
wi dt h of the picture.

Vi deo coding |layer (VCL) NAL unit: A collective termfor coded slice
NAL units and the subset of NAL units that have reserved val ues of
nal _unit_type that are classified as VCL NAL units in this

Speci fication.
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3.1.2. Definitions Specific to This Meno

Medi a- Aware Network El ement (MANE): A network el enment, such as a

m ddl ebox, selective forwarding unit, or application-|ayer gateway
that is capable of parsing certain aspects of the RTP payl oad headers
or the RTP payload and reacting to their contents.

editor-note 1. the follow ng informative needs to be updated al ong
with frame marki ng update

I nformative note: The concept of a MANE goes beyond normal routers
or gateways in that a MANE has to be aware of the signaling (e.g.
to | earn about the payload type mappi ngs of the nedia streans),
and in that it has to be trusted when working with Secure RTP
(SRTP). The advantage of using MANEs is that they all ow packets
to be dropped according to the needs of the nmedia coding. For
exanple, if a MANE has to drop packets due to congestion on a
certain link, it can identify and renove those packets whose
elimnation produces the | east adverse effect on the user
experience. After dropping packets, MANEs nust rewite RTCP
packets to nmatch the changes to the RTP stream as specified in
Section 7 of [RFC3550].

NAL unit decoding order: A NAL unit order that conforns to the
constraints on NAL unit order given in Section 7.4.2.4 in [W(],
follow the Order of NAL units in the bitstream

NAL unit output order: A NAL unit order in which NAL units of
different access units are in the output order of the decoded

pi ctures corresponding to the access units, as specified in [W(,
and in which NAL units within an access unit are in their decoding
order.

RTP stream See [RFC7656]. Wthin the scope of this nenb, one RTP
streamis utilized to transport one or nore tenporal subl ayers.

Transm ssion order: The order of packets in ascending RTP sequence
nunber order (in nodulo arithnetic). Wthin an aggregati on packet,
the NAL unit transm ssion order is the sane as the order of
appearance of NAL units in the packet.

3.2. Abbreviations

AU Access Unit
AP Aggr egat i on Packet
CTu Codi ng Tree Unit
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CvS
DPB
DCl

DON
FIR

FU

HRD
| DR
MANE
MIuU
NAL
NALU
PLI
PPS
RPS
RPSI
SEI
SLI
SPS
VCL

VPS
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Coded Vi deo Sequence

Decoded Picture Buffer

Decodi ng capability information
Decodi ng Order Nunber

Ful | Intra Request
Fragnmentation Unit

G adual Decodi ng Refresh

Hypot heti cal Reference Decoder

| nst ant aneous Decodi ng Refresh
Medi a- Awar e Net wor k El enment

Maxi mum Transfer Unit

Net wor k Abstracti on Layer

Net wor k Abstraction Layer Unit
Picture Loss Indication

Pi cture Paraneter Set

Ref erence Picture Set

Ref erence Picture Sel ection Indication
Suppl enent al Enhancenent | nformation
Slice Loss Indication

Sequence Paraneter Set

Vi deo Codi ng Layer

Vi deo Par aneter Set
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4. RTP Payl oad For mat

4.1.

RTP Header Usage

The format of the RTP header is specified in [ RFC3550] (reprinted as
Figure 2 for convenience). This payload format uses the fields of
t he header in a manner consistent with that specification.

The RTP payload (and the settings for some RTP header bits) for
aggregation packets and fragmentation units are specified in
Section 4.3.2 and Section 4.3.3, respectively.

0 1 2 3
01234567890123456789012345678901
B il ais S I o T i ot S S I Y S S S S it o
| V=2|P| X] CC |M PT | seqguence nunber |
T R e i ol SIS R I S R S I S S R e e e et (NI R R R S R
| timestanp |
B T e i e o S O I S I R il T s i S S S S Y S S
| synchroni zation source (SSRC) identifier |
+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+
| contributing source (CSRC) identifiers |

i S S T s S e S S +.- + e S I T o S S I S
RTP Header According to {{RFC3550}}

Figure 2

The RTP header infornmation to be set according to this RTP payl oad
format is set as foll ows:

Marker bit (M: 1 bit

Zhao,

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.

editor-note 2: The informative note bel ow needs updati ng once the
NAL unit type table is stable in the [WC( spec.

Informative note: The content of a NAL unit does not tel

whet her or not the NAL unit is the last NAL unit, in decoding
order, of an access unit. An RTP sender inplenmentation nay
obtain this information fromthe video encoder. |If, however,
the inpl ementation cannot obtain this information directly from
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t he encoder, e.g., when the bitstream was pre-encoded, and al so
there is no timestanp allocated for each NAL unit, then the
sender inplenentation can inspect subsequent NAL units in
decodi ng order to determ ne whether or not the NAL unit is the
| ast NAL unit of an access unit as follows. A NAL unit is
determined to be the last NAL unit of an access unit if it is
the last NAL unit of the bitstream A NAL unit naluX is al so
determned to be the Iast NAL unit of an access unit if both
the follow ng conditions are true: 1) the next VCL NAL unit

nal uY i n decodi ng order has the high-order bit of the first
byte after its NAL unit header equal to 1 or nal _unit _type
equal to 19, and 2) all NAL units between nal uX and nal uY, when
present, have nal _unit_type in the range of 13 tol7, inclusive,
equal to 20, equal to 23 or equal to 26.

Payl oad Type (PT): 7 bits

The assignnent of an RTP payl oad type for this new packet format
is outside the scope of this docunent and will not be specified
here. The assignnment of a payload type has to be perforned either
t hrough the profile used or in a dynam c way.

Sequence Nunber (SN): 16 bits

Set and used in accordance wi th [ RFC3550].

Ti mestanp: 32 bits

The RTP tinmestanp is set to the sanpling tinestanp of the content.
A 90 kHz clock rate MJUST be used. |[If the NAL unit has no timng
properties of its own (e.g., paranmeter set and SEI NAL units), the
RTP timestanp MJUST be set to the RTP tinestanp of the coded
picture of the access unit in which the NAL unit (according to
Annex D of WC) is included. Receivers MJST use the RTP tinestanp
for the display process, even when the bitstream contains picture
timng SEI nessages or decoding unit information SEI nessages as
specified in WC

Synchroni zati on source (SSRC): 32 bits

4. 2.

Used to identify the source of the RTP packets. A single SSRCis
used for all parts of a single bitstream

Payl oad Header Usage

The first two bytes of the payload of an RTP packet are referred to
as the payl oad header. The payl oad header consists of the sane

Zhao,
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fields (F, Z, Layerld, Type, and TID) as the NAL unit header as shown
in Section 1.1.4, irrespective of the type of the payload structure.

The TID val ue indicates (anong other things) the relative inportance
of an RTP packet, for exanple, because NAL units bel ongi ng to higher
tenporal sublayers are not used for the decoding of |ower tenpora
subl ayers. A lower value of TID indicates a higher inportance.
More-inportant NAL units MAY be better protected agai nst transm ssion
| osses than |l ess-inportant NAL units.

For Di scussion: quite possibly sonething simlar can be said for
the Layer _id in layered coding, but perhaps not in nmultiview
coding. (The relevant part of the spec is relatively new,

t herefore the soft |anguage). However, for serious |ayer pruning,
interpretation of the VPS is required. W can add | anguage about
the need for stateful interpretation of LayerID vis-a-vis
stateless interpretation of TID | ater.

Payl oad Structures

Three different types of RTP packet payload structures are specifi ed.
A receiver can identify the type of an RTP packet payl oad through the
Type field in the payl oad header.

The three different payload structures are as foll ows:

o Single NAL unit packet: Contains a single NAL unit in the payl oad,
and the NAL unit header of the NAL unit al so serves as the payl oad
header. This payload structure is specified in Section 4.4.1.

0o Aggregation Packet (AP): Contains nore than one NAL unit within
one access unit. This payload structure is specified in
Section 4.3.2.

o Fragnentation Unit (FU): Contains a subset of a single NAL unit.
This payl oad structure is specified in Section 4.3. 3.

1. Single NAL Unit Packets

editor-note 3: its better to add a section to describe DONL and
sprop-max-don-di ff. sprop-max-don-diff is used but not specified
as paraneters in section 7 are not yet specified. A value of
sprop-max-don-di ff greater than O indicates that the transm ssion
order may not correspond to the decoding order and that the DON is
is included in the payl oad header.

A single NAL unit packet contains exactly one NAL unit, and consists
of a payl oad header (denoted as Payl oadHdr), a conditional 16-bit
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DONL field (in network byte order), and the NAL unit payl oad data
(the NAL unit excluding its NAL unit header) of the contained NAL
unit, as shown in Figure 3.

0 1 2 3
01234567890123456789012345678901
S i o S e i i S S S

| Payl oadHdr | DONL (conditional) |
B e i e R S ol ik i s o it TR R S T e S S e e et o o

I
NAL unit payl oad data |
|

| T S e i i i sl S I SRR S
| :...OPTIONAL RTP paddi ng |
B I il aihs S I I T i ot S S S Y S S S S it o

The Structure of a Single NAL Unit Packet

Figure 3

The DONL field, when present, specifies the value of the 16 | east
significant bits of the decodi ng order nunber of the contained NAL
unit. |If sprop-max-don-diff is greater than O, the DONL field MJUST
be present, and the variable DON for the contained NAL unit is
derived as equal to the value of the DONL field. O herw se (sprop-
max-don-diff is equal to 0), the DONL field MIUST NOT be present.

4.3.2. Aggregation Packets (APs)
Aggregation Packets (APs) can reduce of packetization overhead for
smal |l NAL units, such as nost of the non- VCL NAL units, which are
often only a few octets in size.
An AP aggregates NAL units of one access unit. Each NAL unit to be
carried in an AP is encapsulated in an aggregation unit. NAL units
aggregated in one AP are included in NAL unit decodi ng order.

An AP consists of a payl oad header (denoted as Payl oadHdr) foll owed
by two or nore aggregation units, as shown in Figure 4.
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0 1 2 3
01234567890123456789012345678901
B I S I T i ai S T i i S S

Payl oadHdr (Type=28) | |
i S it SN U SR |
|

I

|

+-

| two or nore aggregation units
| i T T O s ot sl it S TR R SR
| :...OPTIONAL RTP paddi ng |
e i R R e e e el I S R R R . e S il S NI S R R R R

The Structure of an Aggregati on Packet

Figure 4

The fields in the payl oad header of an AP 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 MIST be equal to 1. The Type field MJST
be equal to 28.

The val ue of Layerld MJUST be equal to the |owest value of Layerld of
all the aggregated NAL units. The value of TID MJST be the | owest
value of TID of all the aggregated NAL units.

Informative note: Al VCL NAL units in an AP have the same TID
val ue since they belong to the sane access unit. However, an AP
may contain non-VCL NAL units for which the TID value in the NAL
unit header may be different than the TID value of the VCL NAL
units in the sanme AP.

An AP MJST carry at |east two aggregation units and can carry as many
aggregation units as necessary; however, the total amount of data in
an AP obviously MIUST fit into an | P packet, and the size SHOULD be
chosen so that the resulting I P packet is smaller than the MIU size
so to avoid IP layer fragnmentation. An AP MJUST NOT contain FUs
specified in Section 4.3.3. APs MJST NOT be nested; i.e., an AP can
not contain anot her AP.

The first aggregation unit in an AP consists of a conditional 16-bit
DONL field (in network byte order) followed by a 16-bit unsigned size
information (in network byte order) that indicates the size of the
NAL unit in bytes (excluding these two octets, but including the NAL
unit header), followed by the NAL unit itself, including its NAL unit
header, as shown in Figure 5.
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0 1 2 3
01234567890123456789012345678901
B T T R g i ok T ST TR e e S i it S e T Sl TR S i e &

| : DONL (conditional) | NALU si ze
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

NALU si ze |
ek Sk R NAL unit

I I
+ I
I I
| el R it T I R TR R R R R R R
| :
Ol . o NI NI TR TR R T SR SR S SR it

The Structure of the First Aggregation Unit in an AP

Figure 5

The DONL field, when present, specifies the value of the 16 | east
significant bits of the decodi ng order nunber of the aggregated NAL
unit.

I f sprop-max-don-diff is greater than 0, the DONL field MJUST be
present in an aggregation unit that is the first aggregation unit in
an AP, and the variable DON for the aggregated NAL unit is derived as
equal to the value of the DONL field. O herw se (sprop-max-don-diff
is equal to 0), the DONL field MJUST NOT be present in an aggregation
unit that is the first aggregation unit in an AP.

An aggregation unit that is not the first aggregation unit in an AP
will be followed i medi ately by a 16-bit unsigned size information
(in network byte order) that indicates the size of the NAL unit in
byt es (excluding these two octets, but including the NAL unit
header), followed by the NAL unit itself, including its NAL unit
header, as shown in Figure 6.
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0 1 2 3
01234567890123456789012345678901
B I S I T i ai S T i i S S
| : NALU si ze | NAL unit |
i S I it I S S i St N S S |
|
+

| T T S S S Su o
T T S S S S i Suie S

The Structure of an Aggregation Unit That |Is Not the First
Aggregation Unit in an AP

Figure 6

Figure 7 presents an exanple of an AP that contains two aggregation
units, labeled as 1 and 2 in the figure, wthout the DONL field being
present.

0 1 2 3
01234567890123456789012345678901
e i R R e e e el I S R R R . e S il S NI S R R R R
| RTP Header |
T T i S S i S S T il sl s i S S S S S
Payl oadHdr (Type=28) | NALU 1 Size |
B i e o T T e S R h it sl T S T i S e S e e s

NALU 1 HDR |

R T N R e e R R e e NALU 1 Dat a

|

+-

|

+-

I

|

+ e i o T e i ol e i i o e T
| . .. | NALU 2 Size | NALU 2 HDR
R i e e Tt i sk S s T S SR SR R
| NALU 2 HDR |

R e i it I N S NALU 2 Data

I

I

I
+-

—_—_

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

An Exanpl e of an AP Packet Cont ai ni ng
Two Aggregation Units without the DONL Field

Figure 7
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Figure 8 presents an exanple of an AP that contains two aggregation
units, labeled as 1 and 2 in the figure, with the DONL field being
present .

0 1 2 3
01234567890123456789012345678901
T i S T o S S S i S s i S N S S
| RTP Header I
B I S I T i ai S T i i S S
Payl oadHdr (Type=28) | NALU 1 DONL |
e i I S i a S S n i S S e Sk
NALU 1 Size | NALU 1 HDR |
T T S i S S S s i S S S ik N S SRS

NALU 1 Data

I
|
T i S S s +-I+
: NALU 2 Size |
T T S i S s o S S S i St SN S SRS
NALU 2 HDR |
T o S S S e e it e S S NALU 2 Data |
|

|
+-
|
+-
I
I
|
+
|
+-
|
+-
I
| e i s T
| :...OPTIONAL RTP paddi ng |
i S S i Sl S i sk SRR NP S
An Exanpl e of an AP Cont ai ni ng
Two Aggregation Units with the DONL Field

Figure 8
4.3.3. Fragnentation Units

Fragmentation Units (FUs) are introduced to enable fragnenting a
single NAL unit into nultiple RTP packets, possibly w thout
cooperation or know edge of the [WC] encoder. A fragnent of a NAL
unit consists of an integer nunber of consecutive octets of that NAL
unit. Fragnents of the same NAL unit MJST be sent in consecutive
order with ascendi ng RTP sequence nunbers (with no other RTP packets
within the sanme RTP stream being sent between the first and | ast
fragnment).

Wien a NAL unit is fragnmented and conveyed within FUs, it is referred

to as a fragnented NAL unit. APs MJST NOT be fragnented. FUs MJST
NOT be nested; i.e., an FU can not contain a subset of another FU.
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The RTP tinestanp of an RTP packet carrying an FUis set to the NALU
time of the fragmented NAL unit.

An FU consi sts of a payl oad header (denoted as Payl oadHdr), an FU
header of one octet, a conditional 16-bit DONL field (in network byte
order), and an FU payl oad, as shown in Figure 9.

0 1 2 3
01234567890123456789012345678901
I I ik ais: ST S S I I i o STt I S I I s st e S
| Payl oadHdr (Type=29) | FU header | DONL (cond)
e T R N R R S S S T S e Tl R S ik i I R R R R S S
| DONL (cond) | |
| - +-+-+-+- - +-+-+ |
| FU payl oad |
I +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-|+
| ©...OPTIONAL RTP paddi ng |
e i S s S S e b T

The Structure of an FU

Figure 9
The fields in the payl oad header are set as follows. The Type field
MUST be equal to 29. The fields F, Layerld, and TID MJUST be equal to
the fields F, Layerld, and TID, respectively, of the fragnented NAL
unit.
The FU header consists of an S bit, an E bit, an Rbit and a 5-bit
FuType field, as shown in Figure 10.

| O] 1] 2] 3| 4| 5] 6] 7|
R T R SRS
| SIE[R  FuType |
The Structure of FU Header
Figure 10

The semantics of the FU header fields are as foll ows:

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

E: 1 bit

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

Reserved: 1 bit
editor-note 24 for "R : need to be addressed
FuType: 5 bits

The field FuType MUST be equal to the field Type of the fragnented
NAL unit.

The DONL field, when present, specifies the value of the 16 |east
significant bits of the decodi ng order nunber of the fragnented NAL
unit.

If sprop-max-don-diff is greater than O, and the S bit is equal to 1
the DONL field MJUST be present in the FU, and the variable DON for
the fragnented NAL unit is derived as equal to the value of the DONL
field. Oherw se (sprop-max-don-diff is equal to O, or the Sbit is
equal to 0), the DONL field MJUST NOT be present in the FU

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

The FU payl oad consists of fragnments of the payl oad 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 FUw th the E bit
equal to 1, are sequentially concatenated, the payload of the
fragnmented NAL unit can be reconstructed. 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 fragnmented NAL
unit is conveyed in F, Layerld, and TID fields of the FU payl oad
headers of the FUs and the FuType field of the FU header of the FUs.
An FU payl oad MJUST NOT be enpty.
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If an FUis lost, the receiver SHOULD discard all follow ng
fragnmentation units in transm ssion order corresponding to the sane
fragnmented NAL unit, unless the decoder in the receiver is known to
be prepared to gracefully handle inconplete NAL units.

A receiver in an endpoint or in a MANE MAY aggregate the first n-1
fragments of a NAL unit to an (inconplete) NAL unit, even if fragnent
n of that NAL unit is not received. 1In this case, the

forbi dden_zero bit of the NAL unit MJST be set to 1 to indicate a
syntax viol ation.

4.4. Decoding Order Nunmber

For each NAL unit, the variable AbsDon is derived, representing the
decodi ng order nunber that is indicative of the NAL unit decodi ng
or der.

Let NAL unit n be the n-th NAL unit in transm ssion order within an
RTP stream

I f sprop-max-don-diff is equal to O, 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), AbsDon[n] is
derived as follows, where DON[n] is the value of the variable DON for
NAL unit n:

o If nis equal to O (i.e., NAL unit nis the very first NAL unit in
transm ssion order), AbsDon[O0] is set equal to DONO].

o0 Oherwise (nis greater than 0), the follow ng applies for
derivation of AbsDon[n]:

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

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

If (DONJn] < DONNn-1] and DON[n-1] - DON[n] < 32768),
AbsDon[ n] = AbsDon[n-1] - (DON n-1] - DON[n])
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For any two NAL units mand n, the follow ng applies:

0]

AbsDon[ n] greater than AbsDon[n] indicates that NAL unit n follows
NAL unit min NAL unit decodi ng order.

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

AbsDon[ n] Il ess than AbsDon[m indicates that NAL unit n precedes
NAL unit min decodi ng order.

Informative note: When two consecutive NAL units in the NAL unit
decodi ng order have different values of AbsDon, the absol ute

di fference between the two AbsDon val ues may be greater than or
equal to 1.

I nformative note: There are nmultiple reasons to allow for the
absolute difference of the values of AbsDon for two consecutive
NAL units in the NAL unit decoding order to be greater than one.
An increnment by one is not required, as at the tinme of associating
val ues of AbsDon to NAL units, it may not be known whet her all NAL
units are to be delivered to the receiver. For exanple, a gateway
m ght not forward VCL NAL units of higher sublayers or sone SEI
NAL units when there is congestion in the network.

In anot her exanple, the first intra-coded picture of a pre-encoded
clipis transmtted in advance to ensure that it is readily

avai lable in the receiver, and when transmtting the first intra-
coded picture, the originator does not exactly know how many NAL
units wll be encoded before the first intra-coded picture of the
pre-encoded clip follows in decoding order. Thus, the val ues of
AbsDon for the NAL units of the first intra-coded picture of the
pre-encoded clip have to be estimted when they are transmtted,
and gaps in val ues of AbsDon may occur.

5. Packeti zati on Rul es

The foll ow ng packetization rules apply:

0]

0]

Zhao,

I f sprop-max-don-diff is greater than 0, 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.

A NAL unit of a small size SHOULD be encapsul ated in an
aggregati on packet together one or nore other NAL units in order
to avoi d the unnecessary packetization overhead for small NAL
units. For exanple, non-VCL NAL units such as access unit
delimters, paraneter sets, or SEI NAL units are typically snal
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and can often be aggregated with VCL NAL units w thout violating
MIU si ze constraints.

o Each non-VCL NAL unit SHOULD, when possible froman MIU size match
vi ewpoi nt, be encapsul ated in an aggregati on packet together wth
its associated VCL NAL unit, as typically a non-VCL NAL unit woul d
be meani ngl ess wi thout the associated VCL NAL unit being
avai | abl e.

o For carrying exactly one NAL unit in an RTP packet, a single NAL
unit packet MJST be used.

6. De-packetization Process

The general concept behind de-packetization is to get the NAL units
out of the RTP packets in an RTP stream and pass themto the decoder
in the NAL unit decodi ng order.

The de-packetization process is inplenentation dependent. Therefore,
the follow ng description should be seen as an exanple of a suitable
i npl enentation. Oher schenes nay be used as well, as long as the
output for the same input is the same as the process described bel ow.
The output is the sane when the set of output NAL units and their
order are both identical. Optim zations relative to the described

al gorithnms are possible.

Al'l normal RTP nechanisns related to buffer nmanagenent apply. In
particul ar, duplicated or outdated RTP packets (as indicated by the
RTP sequences nunber and the RTP tinestanp) 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 27,

i nclusive, may be passed to the decoder. NAL-unit-Ilike structures
with NAL unit type values in the range of 28 to 31, inclusive, MJST
NOT be passed to the decoder.

The receiver includes a receiver buffer, which is used to conpensate
for transm ssion delay jitter within individual RTP streans and
across RTP streans, to reorder NAL units fromtransm ssion order to
the NAL unit decoding order. In this section, the receiver operation
is described under the assunption that there is no transm ssion del ay
jitter within an RTP stream and across RTP streans. To nake a
difference froma practical receiver buffer that is also used for
conpensation of transm ssion delay jitter, the receiver buffer is
hereafter called the de-packetization buffer in this section.

Recei vers should al so prepare for transm ssion delay jitter; that is,
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ei ther reserve separate buffers for transm ssion delay jitter
bufferi ng and de-packetization buffering or use a receiver buffer for
both transm ssion delay jitter and de- packetization. Moreover,

recei vers should take transm ssion delay jitter into account in the
buffering operation, e.g., by additional initial buffering before
starting of decoding and pl ayback.

When sprop-max-don-diff is equal to O, the de-packetization buffer
size is zero bytes, and the process described in the remai nder of

t hi s paragraph applies.

The NAL units carried in the single RTP streamare directly passed to
the decoder in their transm ssion order, which is identical to their
decodi ng order. \When there are several NAL units of the sanme RTP
streamw th the same NTP tinmestanp, the order to pass themto the
decoder is their transm ssion order.

I nformative note: The mappi ng between RTP and NTP tinmestanps is
conveyed in RTCP SR packets. In addition, the nechanisns for
faster nmedia tinmestanp synchroni zati on di scussed in [ RFC6051] may
be used to speed up the acquisition of the RTP-to-wall-clock

mappi ng.

When sprop-nmax-don-diff is greater than O, the process described in
the remai nder of this section applies.

There are two buffering states in the receiver: initial buffering and
buffering while playing. Initial buffering starts when the reception
isinitialized. After initial buffering, decoding and pl ayback are
started, and the buffering-while-playing node is used.

Regardl ess of the buffering state, the receiver stores incom ng NAL
units, in reception order, into the de-packetization buffer. NAL
units carried in RTP packets are stored in the de-packetization
buffer individually, and the val ue of AbsDon is cal cul ated and stored
for each NAL unit.

Initial buffering lasts until condition A (the difference between the
greatest and smal |l est AbsDon values of the NAL units in the de-
packeti zation buffer is greater than or equal to the val ue of sprop-
max-don-diff) or condition B (the nunber of NAL units in the de-
packeti zation buffer is greater than the val ue of sprop-depack- buf -
nal us) is true.

After initial buffering, whenever condition A or condition B is true,

the foll ow ng operation is repeatedly applied until both condition A
and condition B becone fal se:
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o0 The NAL unit in the de-packetization buffer with the small est
val ue of AbsDon is renoved fromthe de-packetization buffer and
passed to the decoder.
When no nore NAL units are flowing into the de-packetization buffer,
all NAL units remaining in the de-packetization buffer are renoved
fromthe buffer and passed to the decoder in the order of increasing
AbsDon val ues.
7. Payl oad Format Paraneters

This section specifies the optional paraneters. A mapping of the
paraneters with Session Description Protocol (SDP) [ RFC4556] is al so
provi ded for applications that use SDP

7.1. Media Type Registration
The receiver MJUST ignore any paraneter unspecified in this neno.
Type nane: Vi deo
Subt ype nane: H266
Requi red paraneters: none
Opti onal paraneters:

editor-note 4: To be updated

profile-id, tier-flag, sub-profile-id, interop-constraints, and
| evel -id:

These paraneters indicate the profile, tier, default |evel,
sub-profile, and sonme constraints of the bitstreamcarried by
the RTP stream or a specific set of the profile, tier, default
| evel, sub-profile and sone constraints the receiver supports.

The subset of coding tools that nay have been used to generate
the bitstreamor that the receiver supports, as well as, sone

addi tional constraints are indicated collectively by profile-

id, sub-profile-id, and interop-constraints.
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Informative note: There are 128 values of profile-id. The
subset of coding tools identified by the profile-id can be
further constrained with up to 255 sub-profile-ids. In
addition, 68 bits included in interop-constraints, which can be
extended up to 324 bits provide neans to further restrict tools
fromexisting profiles. To be able to support this fine-
granul ar signalling of coding tool subsets with profile-id,
sub-profile-id and interop-constraints, it would be safe to
require symetric use of these paranmeters in SDP offer/answer
unl ess recv-ols-id or sprop-opi is included in the SDP answer
for choosing one of the |ayers offered.

editor-note 5: confirm when deci ded whet her we use recv-ol s-id or
spr op- opi

The tier is indicated by tier-flag. The default level is
indicated by level-id. The tier and the default |evel specify
the limts on values of syntax elenents or arithnetic

conmbi nati ons of values of syntax elenents that are foll owed
when generating the bitstreamor that the receiver supports.

In SDP offer/answer, when the SDP answer does not i nclude
either the recv-ols-id paraneter that is |less than the sprop-
ol s-id paranmeter in the SDP offer or the sprop-opi, the
foll ow ng applies:

editor-note 6: confirm when deci ded whet her we use recv-ol s-id or
sprop-opi for profile asymmetry - sub-Ilayers

Zhao,

+ The tier-flag, profile-id, sub-profile-id, and interop-
constraints paraneters MJUST be used symetrically, i.e., the
val ue of each of these paranmeters in the offer MJST be the
sane as that in the answer, either explicitly signaled or
inplicitly inferred.
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+ The level-id paraneter is changeable as |ong as the highest
| evel indicated by the answer is either equal to or |ower
than that in the offer. Note that the highest level is
i ndicated by level-id and max-recv-level-id together and a
hi gher |l evel than that in the offer can be included as nax-
recv-| evel -id.

In SDP offer/answer, when the SDP answer does include the recv-
ol s-id paraneter that is |l ess than the sprop-ols-id paraneter
in the SDP offer or includes the sprop-opi, the set of tier-
flag, profile-id, sub-profile-id, interop-constraints, and

| evel -id paraneters included in the answer MJST be consi stent
with that for the chosen output |ayer set as indicated in the
SDP offer, with the exception that the level-id parameter in
the SDP answer is changeable as |ong as the highest |evel
indicated by the answer is either lower than or equal to that
in the offer.

editor-note 7: confirm when deci ded whether we use recv-ols-id or
sprop-opi for profile asynmetry - sub-layers cannot. The consi stency
of profiles is not yet in the text.

More specifications of these paraneters, including how they
relate syntax elenments specified in [WC] are provided bel ow.

profile-id:

When profile-id is not present, a value of 1 (i.e., the Main 10
profile) MIST be inferred.

When used to indicate properties of a bitstream profile-id is
derived fromthe general profile_idc syntax elenent in the
profile tier level( ) syntax structure in SPS, VPS or DCl NAL
units as specified in [WC. Wen a VPS contains several
profile_tier_level( ) syntax structures, the syntax structure
corresponding to the OLS to which the bitstreamapplies is
used.

editor-note 8: What if the DCl contains several profile tier_|evel
syntax structures and they are not onion shell?
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tier-flag, level-id:

The value of tier-flag MJUST be in the range of 0 to 1
inclusive. The value of level-id MIST be in the range of 0 to
255, inclusive.

If the tier-flag and |evel-id paraneters are used to indicate
properties of a bitstream they indicate the tier and the
hi ghest | evel the bitstreamconplies wth.

If the tier-flag and | evel-id paraneters are used for
capability exchange, the followi ng applies. If max-recv-I|evel-
idis not present, the default |evel defined by level-id

i ndi cates the highest |evel the codec wi shes to support.

O herwi se, max-recv-level-id indicates the highest |evel the
codec supports for receiving. For either receiving or sending,
all levels that are |lower than the highest |evel supported MJST
al so be support ed.

If notier-flag is present, a value of O MIST be inferred; if
no level-id is present, a value of 51 (i.e., level 3.1) MJST be
i nferred.

Informative note: The |evel nunbers currently defined in the
WC specification are in the formof "nmaj or Num m nor Nunf, and
the value of the level-id for each of the levels is equal to
maj orNum * 16 + mnorNum* 3. It is expected that if any |evel
are defined in the future, the sanme convention wll| be used,
but this cannot be guaranteed.

editor-note 9: double check this informati ve note

Zhao,

When used to indicate properties of a bitstream the tier-flag
and level -id paraneters are derived fromthe
profile tier level( ) syntax structure in SPS, VPS or DCl NAL
units as specified in [WC as follows.
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If the tier-flag and level-id are derived fromthe
profile_tier_level( ) syntax structure in the DCI NAL unit, the
foll ow ng appli es:

+ tier-flag = general tier_flag

+ level-id = general | evel _idc

O herwise, if the tier-flag and level-id are derived fromthe
profile tier level ( ) syntax structure in the SPS or VPS NAL
unit, and the bitstream contains the hi ghest sub-I|ayer
representation in the OLS corresponding to the bitstream the
foll ow ng applies:

+ tier-flag = general _tier_flag

+ level-id = general |evel _idc

O herwse, if the tier-flag and level-id are derived fromthe
profile_tier_level( ) syntax structure in the SPS or VPS NAL
unit, and the bitstream does not contains the highest sub-Iayer
representation in the OLS corresponding to the bitstream the
followng applies, with j being the val ue of the sprop-sub-

| ayer-id paranmeter or the sub-layer representation indicated in
t he sprop-opi paraneter

+ tier-flag = general _tier_flag
+ level-id = sub_layer_level _idc[j]

editor-note 10: double check this part above inherited from HEVC.
VWhat if nore than one SPS, VPS and they have different
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general leve_idcs or tier_flags? W would say it applies to all of
them i.e. to the highest one.

sub-profile-id:

The val ue of the paraneter is a conmma-separated (', ) |ist of
val ues.

editor-note 11: Wat is the value? integer, base32?

When used to indicate properties of a bitstream sub-profile-id
is derived fromeach of the ptl_numsub_profiles
general sub profile_idc[i] syntax elenents in the
profile_tier_level( ) syntax structure in SPS, VPS or DCl NAL
units as specified in [WC. Wen a VPS contains several
profile_tier_level( ) syntax structures, the syntax structure
corresponding to the OLS to which the bitstreamapplies is
used.

editor-note 12: Wat if the DCl contains several profile_tier_|evel
syntax structures and they are not onion shell?

i nt erop-constraints:

A basel6 [ RFC4648] (hexadecinmal) representation of the data in
the profile_tier_level( ) syntax structure in SPS, VPS or DCl
NAL units as specified in [WC(C], that include the syntax

el enents ptl _franme_only constraint_flag and

ptl _multilayer _enabled flag and, when present, the

general _constraints_info( ) syntax structure. Wen a VPS
contains several profile_tier_level( ) syntax structures, the
syntax structure corresponding to the OLS to which the
bitstream applies is used.

editor-note 13: What if the DCl contains several profile tier_|evel(
) syntax structures and they are not equal ?

If the interop-constraints paraneter is not present, the
foll ow ng MIUST be inferred:
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+ ptl_frane_only constraint_flag = 0
+ ptl_multilayer _enabled flag = 1

+ gci_present _flag in the general _constraints_info( ) syntax
structure =1

editor-note 14: Doubl e check the default values. Currently, no

constraints, but actually, with the Main 10 profile as default multi-
| ayer not possible.

Using interop-constraints for capability exchange results in a
requi renent on any bitstreamto be conpliant with the interop-
constraints.

sprop-sub- 1l ayer-i d:

Thi s parameter MAY be used to indicate the highest allowed
value of TIDin the bitstream \Wen not present, the val ue of
sprop-sub-layer-id is inferred to be equal to 6.

The val ue of sprop-sub-layer-id MJUST be in the range of 0 to 6,
i ncl usi ve.

sprop-ol s-id:

Thi s paranmeter MAY be used to indicate the OLS that the
bitstream applies to. Wen not present, the value of sprop-
ols-idis inferred to be equal to Targetd sldx as specified in
8.1.1in [W(.

The val ue of sprop-ols-id MIST be in the range of 0 to 257,
i ncl usi ve.

editor-note 15: Confirmthis val ue

recv-sub- | ayer-id:
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Thi s parameter MAY be used to signal a receiver’s choice of the
of fered or declared sub-layer representations in the sprop-vps
and sprop-sps. The value of recv-sub-layer-id indicates the
TI D of the highest sub-layer of the bitstreamthat a receiver
supports. Wen not present, the value of recv-sub-layer-id is
inferred to be equal to the value of the sprop-sub-Ilayer-id
paranmeter in the SDP offer

The val ue of recv-sub-layer-id MJUST be in the range of 0 to 6,
i ncl usi ve.

recv-ol s-id:

This paranmeter MAY be used to signal a receiver’s choice of the
of fered or declared output |ayer sets in the sprop-vps. The
val ue of recv-ols-id indicates the OLS i ndex of the bitstream
that a receiver supports. Wen not present, the value of recv-
ols-idis inferred to be equal to the value of the sprop-ols-id
paraneter in the SDP offer

The val ue of recv-ols-id MIST be in the range of 0 to 257,
i ncl usive.

editor-note 16: Confirmthis val ue

Zhao,

max-recv-1 evel -i d:

This paranmeter MAY be used to indicate the highest |evel a
receiver supports.

The val ue of max-recv-level-id MUST be in the range of 0O to
255, inclusive.

When max-recv-level-id is not present, the value is inferred to
be equal to level-id.

et al. Expires June 11, 2021 [ Page 42]



I nternet-Draft RTP payl oad format for WC Decenber 2020

max-recv-|level -id MIST NOT be present when the highest |evel
the receiver supports is not higher than the default |evel.

sprop-dci :

Thi s paranmeter MAY be used to convey a decoding capability
information NAL unit of the bitstreamfor out-of-band

transm ssion. The paraneter MAY al so be used for capability
exchange. The value of the paraneter a base64 [ RFC4648]
representations of the decoding capability information NAL unit
as specified in Section 7.3.2.1 of [W(].

Sprop- vps:

Thi s paranmeter MAY be used to convey any video paraneter set
NAL unit of the bitstream for out-of-band transm ssion of video
paraneter sets. The paraneter MAY al so be used for capability
exchange and to indicate sub-stream characteristics (i.e.,
properties of output |ayer sets and subl ayer representati ons as
defined in [WC]). The value of the paranmeter is a comma-
separated (',’) list of base64 [ RFC4648] representati ons of the
vi deo paraneter set NAL units as specified in Section 7.3.2.3
of [W(.

The sprop-vps parameter MAY contain one or nore than one video
paraneter set NAL unit. However, all other video paraneter
sets contained in the sprop-vps paraneter MJST be consi stent
with the first video paraneter set in the sprop-vps paraneter
A video paraneter set vpsBis said to be consistent with

anot her video paraneter set vpsA if any decoder that conforns
to the profile, tier, level, and constraints indicated by the
12 bytes of data starting fromthe syntax el ement

general _profile_space to the syntax el enent general | evel idc,
inclusive, in the first profile_tier _level( ) syntax structure
in vpsA can decode any bitstreamthat conforns to the profile,
tier, level, and constraints indicated by the 12 bytes of data
starting fromthe syntax el enent general profile_space to the
syntax el enent general |evel _idc, inclusive, in the first
profile_tier level( ) syntax structure in vpsB.

sSprop- sei
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Thi s paranmeter MAY be used to convey one or nore SElI nessages
t hat describe bitstream characteristics. Wen present, a
decoder can rely on the bitstream characteristics that are
described in the SEI nessages for the entire duration of the
session, independently fromthe persistence scopes of the SEI
messages as specified in [VSEI].

The val ue of the paraneter is a comma-separated (’',’) |ist of
base64 [ RFC4648] representations of SEI NAL units as specified
in [VSEI].

Informative note: Intentionally, no list of applicable or

i napplicable SEI nessages is specified here. Conveying certain
SEI nessages in sprop-sei may be sensible in sone application
scenarios and neaningless in others. However, a few exanples
are described bel ow

1) In an environnment where the bitstreamwas created fromfilm
based source material, and no splicing is going to occur during
the lifetine of the session, the filmgrain characteristics SEl
nmessage is |ikely neaningful, and sending it in sprop-sei

rather than in the bitstreamat each entry point may help with
saving bits and allows one to configure the renderer only once,
avoi ding unwanted artifacts.

2) Exanples for SEI messages that woul d be neaningless to be
conveyed in sprop-sei include the decoded picture hash SEI
nmessage (it is close to inpossible that all decoded pictures
have the sanme hashtag), the display orientation SEI nessage
when the device is a handheld device (as the display
orientation may change when the handhel d device is turned
around), or the filler payload SEI nmessage (as there is no
point in just having nore bits in SDP).

Spr op- opi :

editor-note 17: VVC does not envision to provide the OPI by external
nmeans but this should not be a problem
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Thi s paranmeter MAY be used to convey an operating point
information NAL unit of the bitstreamfor out-of-band

transm ssion. The value of the parameter is a base64 [ RFC4648]
representations of the operating point information NAL unit as
specified in Section 7.3.2.2 of [W(.

max- | sr, max-I|ps, max-cpb, max-dpb, max-br, max-tr, max-tc:

These paraneters MAY be used to signal the capabilities of a
receiver inplenentation. These paraneters MJST NOT be used for
any ot her purpose. The highest |evel (specified by max-recv-

| evel -id) MJUST be the highest that the receiver is fully
capabl e of supporting. max-Ilsr, max-1ps, max-cpb, max-dpb,

max- br, max-tr, and nax-tc MAY be used to indicate capabilities
of the receiver that extend the required capabilities of the

hi ghest | evel, as specified bel ow

When nore than one paraneter fromthe set (max-1sr, max-1ps,
max- cpb, max-dpb, max-br, max-tr, max-tc) is present, the

recei ver MJST support all signaled capabilities sinultaneously.
For exanple, if both max-1sr and max-br are present, the

hi ghest level with the extension of both the picture rate and
bitrate is supported. That is, the receiver is able to decode
bitstreanms in which the luma sanple rate is up to max-1sr
(inclusive), the bitrate is up to max-br (inclusive), the coded
picture buffer size is derived as specified in the semantics of
t he max-br paraneter below, and the other properties conply
with the highest |evel specified by max-recv-|evel -id.

I nformative note: When the OPTIONAL nedi a type paraneters are
used to signal the properties of a bitstream and max-Isr, max-
| ps, max-cpb, max-dpb, max-br, max-tr, and max-tc are not
present, the values of tier-flag, profile-id, sub-profile-id,

i nterop-constraints, and level -id nmust always be such that the
bitstream conplies fully with the specified profile, tier, and
| evel .

max-| sr:
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The value of max-lsr is an integer indicating the maximm
processing rate in units of |luma sanples per second. The max-
| sr paranmeter signals that the receiver is capable of decoding
video at a higher rate than is required by the highest |evel.

When max-1sr is signaled, the receiver MIJST be able to decode
bitstreans that conformto the highest level, with the
exception that the MaxLumaSr value in Table 136 of [WC(C for
the highest level is replaced with the val ue of max-Isr.
Senders MAY use this know edge to send pictures of a given size
at a higher picture rate than is indicated in the highest

| evel .

When not present, the value of max-lIsr is inferred to be equal
to the value of MaxLumaSr given in Table 136 of [WC] for the
hi ghest | evel.

The val ue of max-lsr MJST be in the range of MaxLumaSr to 16 *
MaxLumaSr, inclusive, where MaxLumaSr is given in Table 136 of
[w(C for the highest |evel.

max- | ps:

The value of max-lps is an integer indicating the maximm
picture size in units of luma sanples. The nmax-I|ps paraneter
signals that the receiver is capable of decoding |arger picture
sizes than are required by the highest level. Wen max-lIps is
signal ed, the receiver MIST be able to decode bitstreans that
conformto the highest level, with the exception that the
MaxLumaPs val ue in Table 135 of [WC(C for the highest level is
replaced with the value of max-lps. Senders MAY use this
knowl edge to send | arger pictures at a proportionally |ower
picture rate than is possible for the |largest picture size for
t he hi ghest |evel.

When not present, the value of max-lps is inferred to be equal
to the value of MaxLumaPs given in Table 135 of [WC(C] for the
hi ghest | evel.
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The val ue of max-lps MJST be in the range of MaxLumaPs to 16 *
MaxLumaPs, inclusive, where MaxLumaPs is given in Table 135 of
[WwC(C for the highest |evel.

max- cpb:

The val ue of max-cpb is an integer indicating the maxi num coded
picture buffer size in units of CpbVcl Factor bits for the VCL
HRD paraneters and in units of CpbNal Factor bits for the NAL
HRD par aneters, where CpbVcl Factor and CpbNal Fact or are defi ned
in Table 137 of [WC(C]. The max-cpb paraneter signals that the
recei ver has nore nenory than the m ni nrum amount of coded

pi cture buffer menory required by the highest [evel. Wen max-
cpb is signaled, the receiver MIST be able to decode bitstreans
that conformto the highest level, with the exception that the
MaxCPB val ue in Table 135 of [W(C] for the highest |level is
replaced with the val ue of max-cpb. Senders MAY use this

know edge to construct coded bitstreans with greater variation
of bitrate than can be achieved with the MaxCPB val ue in

Tabl e 135 of [W(].

When not present, the value of max-cpb is inferred to be equal
to the value of MaxCPB given in Table 135 of [WC(C] for the
hi ghest | evel.

The val ue of max-cpb MJUST be in the range of MaxCPB to 16 *
MaxCPB, i ncl usive, where MaxCPB is given in Table 135 of [WW(
for the highest |evel.

Informative note: The coded picture buffer is used in the
hypot heti cal reference decoder (Annex C of [WC(C]). The use of
t he hypot hetical reference decoder is recormended in WC
encoders to verify that the produced bitstream conforns to the
standard and to control the output bitrate. Thus, the coded
picture buffer is conceptually independent of any other
potential buffers in the receiver, including de-packetization
and de-jitter buffers. The coded picture buffer need not be

i mpl enented in decoders as specified in Annex C of [W(], but
rat her standard-conpliant decoders can have any buffering
arrangenents provided that they can decode standard-conpliant
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bitstreans. Thus, in practice, the input buffer for a video
decoder can be integrated with de-packetization and de-jitter
buffers of the receiver.

max- dpb:

edi tor

Zhao, et

The val ue of max-dpb is an integer indicating the maxi num
decoded picture buffer size in units decoded pictures at the
MaxLumaPs for the highest level, i.e., the nunber of decoded
pi ctures at the maxi mum picture size defined by the highest

| evel . The val ue of max-dpb MJST be in the range of 1 to 16,
respectively. The max-dpb paraneter signals that the receiver
has nore nenory than the m ni num anmount of decoded picture
buffer nmenory required by default, which is naxDpbPi cBuf as
defined in [W(C (equal to 8). Wen nmax-dpb is signaled, the
recei ver MJUST be able to decode bitstreans that conformto the
hi ghest level, wth the exception that the maxDpbPi cBuff val ue
defined in [WC] as 8 is replaced with the val ue of max-dpb.
Consequently, a receiver that signals nmax-dpb MJST be capabl e
of storing the foll ow ng nunber of decoded pictures
(MaxDpbSi ze) in its decoded picture buffer

if( 2 \* PicSizeMaxl nSanpl esY <= ( MaxLunaPs >> 2 ) )
MaxDpbSi ze = 2 \* max-dpb

else if( 3 \* PicSizeMaxl nSanplesY <= 2 \* MaxLumaPs )
MaxDpbSi ze = 3 \* max-dpb / 2

el se
MaxDpbSi ze

max- dpb

Wherei n MaxLumaPs given in Table 135 of [WC] for the highest
| evel and Pi cSi zeMaxl nSanpl esY is the maxi mnum al | owed picture
size in units of luma sanples as defined in [ W(.

-note 18: | think that max-lps needs to be accounted for here.

The val ue of max-dpb MUST be greater than or equal to the val ue
of maxDpbPi cBuf (i.e., 8) as defined in [W(C]. Senders MAY use
this knowl edge to construct coded bitstreans with inproved
conpr essi on.
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When not present, the value of max-dpb is inferred to be equal
to the value of maxDpbPicBuf (i.e., 8) as defined in [W(.

I nformative note: This paraneter was added primarily to

conpl ement a simlar codepoint in the | TUT Recommendati on

H. 245, so as to facilitate signaling gateway designs. The
decoded picture buffer stores reconstructed sanples. There is
no rel ati onship between the size of the decoded picture buffer
and the buffers used in RTP, especially de-packetization and
de-jitter buffers.

max- br:

The val ue of max-br is an integer indicating the maxi num vi deo
bitrate in units of BrVcl Factor bits per second for the VCL HRD
paraneters and in units of BrNal Factor bits per second for the
NAL HRD par aneters, where BrVcl Factor and BrNal Factor are
defined in Section A 4 of [WC(].

The max-br paraneter signals that the video decoder of the
receiver is capable of decoding video at a higher bitrate than
is required by the highest |evel.

When max-br is signaled, the video codec of the receiver MJST
be able to decode bitstreans that conformto the highest |evel,
with the foll ow ng exceptions in the limts specified by the

hi ghest | evel:

+ The val ue of max-br replaces the MaxBR value in Table 136 of
[WC] for the highest |evel.
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+ Wen the max-cpb paraneter is not present, the result of the
follow ng fornul a replaces the value of MaxCPB in Tabl e 135
of [W(:

(MaxCPB of the highest level) * max-br / (MaxBR of the highest
| evel)

For exanple, if a receiver signals capability for Main 10
profile Level 2 with max-br equal to 2000, this indicates a
maxi mum vi deo bitrate of 2000 kbits/sec for VCL HRD paraneters,
a maxi mum video bitrate of 2200 kbits/sec for NAL HRD
paranmeters, and a CPB size for VCL HRD of 2000000 bits (1500000
* 2000000 / 1500000).

Senders MAY use this know edge to send higher bitrate video as
allowed in the level definition of Annex A of [W(C to achieve
i nproved video quality.

When not present, the value of max-br is inferred to be equal
to the value of MaxBR given in Table 136 of [WC] for the
hi ghest | evel.

The val ue of max-br MJUST be in the range of MaxBR to 16 *
MaxBR, inclusive, where MaxBR is given in Table 136 of [VWWC for
t he hi ghest |evel.

Informative note: This paranmeter was added primarily to

conpl ement a simlar codepoint in the | TUT Recormendati on

H 245, so as to facilitate signaling gateway designs. The
assunption that the network is capable of handling such
bitrates at any given tinme cannot be made fromthe val ue of
this parameter. In particular, no conclusion can be drawn that
the signaled bitrate is possi bl e under congestion control
constraints.

max- f ps:
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The value of max-fps is an integer indicating the maximm
picture rate in units of pictures per 100 seconds that can be
effectively processed by the receiver. The max-fps paraneter
MAY be used to signal that the receiver has a constraint in
that it is not capable of processing video effectively at the
full picture rate that is inplied by the highest |evel and,
when present, one or nore of the paraneters max-|sr, max-I|ps,
and max- br.

The val ue of max-fps is not necessarily the picture rate at
whi ch the maxi mum pi cture size can be sent, it constitutes a
constraint on maxi mum picture rate for all resol utions.

Informative note: The max-fps paranmeter is semantically
different from max-1sr, max-|ps, max-cpb, max-dpb, max-br, max-
tr, and max-tc in that max-fps is used to signal a constraint,

| owering the maxi mum picture rate fromwhat is inplied by other
par anet ers.

The encoder MJST use a picture rate equal to or less than this
value. 1In cases where the max-fps paraneter is absent, the
encoder is free to choose any picture rate according to the

hi ghest | evel and any signal ed optional paraneters.

The val ue of max-fps MJST be snmaller than or equal to the ful
picture rate that is inplied by the highest |[evel and, when
present, one or nore of the paraneters max-|sr, nmax-|ps, and
max- br.

sprop- max-don-di ff:

If there is no NAL unit naluA that is followed in transm ssion
order by any NAL unit preceding nal uA in decoding order (i.e.,
the transm ssion order of the NAL units is the sane as the
decodi ng order), the value of this paranmeter MJUST be equal to
0.
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O herw se, this paraneter specifies the maxi num absol ute

di fference between the decodi ng order nunber (i.e., AbsDon)
val ues of any two NAL units nal uA and nal uB, where nal uA
foll ows naluB in decoding order and precedes naluB in
transm ssi on order.

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

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

spr op- depack- buf - byt es:

This paranmeter signals the required size of the de-

packeti zation buffer in units of bytes. The value of the
paraneter MJST be greater than or equal to the maxi num buffer
occupancy (in units of bytes) of the de-packetization buffer as
specified in Section 6.

The val ue of sprop-depack-buf-bytes MJUST be an integer in the
range of O to 4294967295, inclusive.

When sprop-max-don-di ff is present and greater than 0, this
paraneter MJST be present and the value MJUST be greater than O.
When not present, the val ue of sprop-depack-buf-bytes is
inferred to be equal to O.

I nformative note: The val ue of sprop-depack-buf-bytes indicates
the required size of the de-packetization buffer only. Wen
network jitter can occur, an appropriately sized jitter buffer
has to be available as well.

depack- buf - cap
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This paranmeter signals the capabilities of a receiver

i mpl ementati on and indi cates the anmount of de-packetization
buffer space in units of bytes that the receiver has avail able
for reconstructing the NAL unit decoding order from NAL units
carried in the RTP stream A receiver is able to handl e any
RTP stream for which the val ue of the sprop-depack-buf-bytes
paranmeter is smaller than or equal to this paraneter

When not present, the value of depack-buf-cap is inferred to be
equal to 4294967295. The val ue of depack-buf-cap MJUST be an
integer in the range of 1 to 4294967295, i ncl usive.

I nformative note: depack-buf-cap indicates the nmaxi num possi bl e
size of the de-packetization buffer of the receiver only,
wi thout allowi ng for network jitter.

editor-note 19: sprop-depack-buf-nalus not included but nentioned in
section 6 for startup in de-packetization process. W should decide
on whether it needs to be included or not.

7.2.

SDP Par anet ers

The receiver MJST ignore any paraneter unspecified in this neno.

7.2.1.

Mappi ng of Payl oad Type Paraneters to SDP

The nedia type video/H266 string is mapped to fields in the Session
Description Protocol (SDP) [RFC4566] as foll ows:

0]

0]

Zhao,

The media nanme in the "nE" line of SDP MJUST be vi deo.

The encoding nane in the "a=rtpmap" line of SDP MJUST be H266 (the
medi a subtype).

The clock rate in the "a=rtpmap" |ine MJST be 90000.
OPTI ONAL PARAMETERS:

editor-note 20: appropriate paraneters will be added accordingly
based on agreed SDP optional paraneters in Section 7.1
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7.2.2. Usage with SDP O fer/Answer Model

When [WC] is offered over RTP using SDP in an of fer/answer nodel
[ RFC3264] for negotiation for unicast usage, the follow ng
[imtations and rul es apply:

editor-note 21: the follow ng needs to be updated
o Paraneters to identify a nmedia format configuration as WC
o0 Paraneters as bitstream properties:
o SDP answer for nedia configurations.
0 capability paraneters:
o others:
7.2.3. SDP Exanple
An exanpl e of nedia representation in SDP is as foll ows:

mevi deo 49170 RTP/ AVP 98
a=rt pmap: 98 H266/ 90000
a=fntp:98 profile-id=1; sprop-vps=<video paraneter sets data>

8. Use with Feedback Messages

The foll ow ng subsections define the use of the Picture Loss
Indication (PLI), Slice Lost Indication (SLI), Reference Picture
Selection Indication (RPSI), and Full Intra Request (FIR) feedback
messages with HEVC. The PLI, SLI, and RPSI nessages are defined in
[ RFC4585], and the FIR nessage is defined in [ RFC5104].

8.1. Picture Loss Indication (PLI)

As specified in RFC 4585, Section 6.3.1, the reception of a PLI by a
medi a sender indicates "the | oss of an undefined anmount of coded

vi deo data belonging to one or nore pictures". Wthout having any
speci fic knowl edge of the setup of the bitstream (such as use and

| ocati on of in-band paraneter sets, non-|RAP decoder refresh points,
pi cture structures, and so forth), a reaction to the reception of an
PLI by a [WC sender SHOULD be to send an | RAP picture and rel evant
paraneter sets; potentially with sufficient redundancy so to ensure
correct reception. However, sonetinmes information about the
bitstream structure is known. For exanple, state could have been
establ i shed outside of the nechanisns defined in this docunent that
paraneter sets are conveyed out of band only, and stay static for the
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duration of the session. |In that case, it is obviously unnecessary
to send themin-band as a result of the reception of a PLI. O her
exanpl es coul d be devi sed based on a priori know edge of different
aspects of the bitstreamstructure. 1In all cases, the timng and

congestion control nechani sns of RFC 4585 MUST be observed.
8.2. Slice Loss Indication (SLI)

editor-note 22: For further study. Maybe renove as there are no
known i npl enentations of SDLI in [HEVC] based systens

8.3. Reference Picture Selection Indication (RPSI)

editor-note 23: For further study. Maybe renove as there are no
known i npl enentations in [ HEVC] based systens.

Feedback- based reference picture selection has been shown as a
powerful tool to stop tenporal error propagation for inproved error
resilience [Grod99] [Wang05]. |In one approach, the decoder side
tracks errors in the decoded pictures and inforns the encoder side
that a particular picture that has been decoded relatively earlier is
correct and still present in the decoded picture buffer; it requests
the encoder to use that correct picture-availability information when
encodi ng the next picture, so to stop further tenporal error
propagati on. For this approach, the decoder side should use the RPSI
f eedback nessage.

Encoders can encode sone long-termreference pictures as specified in
[WC] for purposes described in the previous paragraph w thout the
need of a huge decoded picture buffer. As shown in [Wang05], with a
fl exible reference picture managenent schene, as in VWC, even a
decoded picture buffer size of two picture storage buffers would work
for the approach described in the previous paragraph.

The text above is copy-paste fromRFC 7798. |If we keep the RPS|
message, it needs adaptation to the [WC] syntax. Doing so shouldn’'t
be too hard as the [WC] reference picture nmechanismis not too
different fromthe [HEVC] one.

8.4. Full Intra Request (FIR
The purpose of the FIR nessage is to force an encoder to send an
i ndependent decoder refresh point as soon as possible, while
observing applicable congestion-control-related constraints, such as
t hose set out in [ RFC8082]).

Upon reception of a FIR, a sender MJUST send an | DR picture.
Paraneter sets MJST al so be sent, except when there is a prior
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know edge that the paraneter sets have been correctly established. A
typi cal exanple for that is an understandi ng between sender and

recei ver, established by neans outside this docunent, that paraneter
sets are exclusively sent out-of-band.

9. Frame Marking

[1-D.ietf-avtext-framemarking] provides an extension nechani smfor
RTP. The codec-agnostic neta-data in the
[1-D.ietf-avtext-franemarki ng] header provides val uable video frane
information. |Its usage with [WC(C] is defined in this section. Refer
[I-D.ietf-avtext-framemarking] for any unspecified fields. Two
header extensions are RECOMVENDED:

o0 The short extension for non-scal abl e streans.
o The long extension for scal abl e streans.
9.1. Franme Marking Short Extension

The fields for the short extension, as shown in Figure 11, are used
as described in the foll ow ng.

0 1
0123456789012345
i S S T ail S P S S S S S
| ID | L=0 |S|EI|DOO0 0 O]
T S S S S S D Sl SE S

Short Frame Marking RTP Extension for [WW(
Figure 11

The | bit MJST be 1 when the NAL unit type is 7-9 (inclusive),
otherwise it MJST be O.

The D bit MJST be 1 when the syntax el enent ph_non_ref _pic_flag for a
picture is equal to 1, otherwise it MJST be O.

The S bit MJST be set to 1 if any of the following conditions is true
and MUST be set to O otherw se:

0 The RTP packet is a single NAL unit packet and it is the first VCL
NAL unit, in decoding order, of a picture.

o The RTP packet is an AP, and the NAL unit in the first contained

aggregation unit is the first VCL NAL unit, in decodi ng order, of
a picture.
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0]

The RTP packet is a FUwith its S bit equal to 1 and the FU
payl oad contains a fragnment of the first VCL NAL unit, in decoding
order, of a picture.

The E bit MJST be set to 1 if any of the following conditions is true
and MUST be set to O otherw se:

0]

0]

9. 2.

The RTP packet is a single NAL unit packet and it is the last VCL
NAL unit, in decoding order, of a picture.

The RTP packet is an AP and the NAL unit in the |ast contained
aggregation unit is the last VCL NAL unit, in decoding order, of a
pi cture.

The RTP packet is a FUwth its E bit equal to 1 and the FU
payl oad contains a fragnment of the last VCL NAL unit, in decoding
order, of a picture.

Frame Marking Long Extension
0 1 2 3
01234567890123456789012345678901
T R i T e e e e e e R e S e R o ok
| 1D | L=2 |S|EI|D Bl TID]|O|O|j Layer| D | TLOPI CI DX |
T T R e i s i S S i sl i SR R

Long Frame Marking RTP Extension for [VWW(

Figure 12

The fields for the |ong extension for scal able streans, as shown in
Figure 12, are used as described in the follow ng.

The LayerI D (6 bits) and TID (3 bits) fromthe NAL unit header
Section 1.1.4 are nmapped to the generic LID and TID fields in
[I-D.ietf-avtext-framemarking] as shown in Figure 12.

The | bit MJST be 1 when the NAL unit type is 7-9 (inclusive),
otherwise it MJST be 0.

The D bit MJST be 1 when the syntax el enment ph_non_ref pic flag for a
picture is equal to 1, otherwse it MJST be O.

The S bit MJST be set to 1 if any of the following conditions is true
and MUST be set to O otherw se:

0]

Zhao,

The RTP packet is a single NAL unit packet and it is the first VCL
NAL unit, in decoding order, of a picture.
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o0 The RTP packet is an AP, and the NAL unit in the first contained
aggregation unit is the first VCL NAL unit, in decoding order, of
a picture.

o The RTP packet is a FUwith its S bit equal to 1 and the FU
payl oad contains a fragnment of the first VCL NAL unit, in decoding
order, of a picture.

The E bit MJST be set to 1 if any of the following conditions is true
and MUST be set to O otherw se:

o The RTP packet is a single NAL unit packet and it is the last VCL
NAL unit, in decoding order, of a picture.

o0 The RTP packet is an AP and the NAL unit in the |ast contained
aggregation unit is the last VCL NAL unit, in decoding order, of a
pi cture.

o0 The RTP packet is a FUwith its E bit equal to 1 and the FU
payl oad contains a fragnent of the last VCL NAL unit, in decoding
order, of a picture.

10. Security Considerations

The scope of this Security Considerations sectionis |imted to the
payl oad format itself and to one feature of [VW(C that nay pose a
particularly serious security risk if inplenmented naively. The

payl oad format, in isolation, does not forma conplete system

| npl enmenters are advised to read and understand rel evant security-
rel ated docunents, especially those pertaining to RTP (see the
Security Considerations section in [RFC3550] ), and the security of
the call-control stack chosen (that nmay nmake use of the nedia type
registration of this nmeno). |Inplenenters should also consider known
security vulnerabilities of video coding and decodi ng i npl ementations
in general and avoid those.

Wthin this RTP payload format, and with the exception of the user
data SElI nmessage as described bel ow, no security threats other than
t hose common to RTP payl oad formats are known. [In other words,
nei t her the various nedi a-pl ane-based nechani sns, nor the signaling
part of this nenpb, seens to pose a security risk beyond those comobn
to all RTP-based systens.

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 Framework: Wy RTP
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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 [ays on anyone using RTP in an
application. They can find guidance on avail able security nmechani sns
and i nportant considerations in "Options for Securing RTP Sessions”

[ RFC7201] . The rest of this section discusses the security inpacting
properties of the payload format itself.

Because the data conpression used with this payload format is applied
end-to-end, any encryption needs to be perfornmed after conpression.

A potential denial-of-service threat exists for data encodi ngs using
conpression techni ques that have non-uniformreceiver-end

conput ational |oad. The attacker can inject pathological datagrans
into the bitstreamthat are conplex to decode and that cause the
receiver to be overloaded. [WC(C is particularly vulnerable to such
attacks, as it is extrenely sinple to generate datagrans contai ning
NAL units that affect the decodi ng process of many future NAL units.
Therefore, the usage of data origin authentication and data integrity
protection of at |east the RTP packet is RECOVWENDED, for exanple,
with SRTP [ RFC3711]

Li ke HEVC [ RFC7798], [WV(C includes a user data Suppl enent al
Enhancenent Information (SEI) nmessage. This SEI nessage all ows
inclusion of an arbitrary bitstring into the video bitstream Such a
bitstring could include JavaScript, machi ne code, and other active
content. [WC(C] |eaves the handling of this SEI nmessage to the
receiving system In order to avoid harnful side effects the user
data SEI nessage, decoder inplenentations cannot naively trust its
content. For exanple, it would be a bad and i nsecure inplenmentation
practice to forward any JavaScri pt a decoder inplenentation detects
to a web browser. The safest way to deal with user data SEI nessages
is to sinply discard them but that can have negative side effects on
the quality of experience by the user.

End-to-end security with authentication, integrity, or
confidentiality protection will prevent a MANE from perform ng nedi a-
awar e operations other than discarding conplete packets. In the case
of confidentiality protection, it will even be prevented from

di scardi ng packets in a nedia-aware way. To be allowed to perform
such operations, a MANE is required to be a trusted entity that is
included in the security context establishnent.
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11. Congestion Control

Congestion control for RTP SHALL be used in accordance with RTP

[ RFC3550] and with any applicable RTP profile, e.g., AVP [ RFC3551].

If best-effort service is being used, an additional requirenent is
that users of this payload format MJST nonitor packet |oss to ensure
that the packet loss rate is wthin an acceptable range. Packet | oss
is considered acceptable if a TCP fl ow across the same network path,
and experiencing the sane network conditions, would achi eve an

aver age throughput, nmeasured on a reasonable tinescale, that is not

|l ess than all RTP streans conbined are achieving. This condition can
be satisfied by inplenenting congestion-control nechanisnms to adapt
the transm ssion rate, the nunber of |ayers subscribed for a | ayered
mul ti cast session, or by arranging for a receiver to | eave the
session if the loss rate is unacceptably high.

The bitrate adaptation necessary for obeying the congestion control
principle is easily achievabl e when real-tinme encoding is used, for
exanpl e, by adequately tuning the quantization paranmeter. However,
when pre-encoded content is being transmtted, bandw dth adaptation
requires the pre-coded bitstreamto be tailored for such adaptivity.
The key nechani sns available in [WC] are tenporal scalability, and
spatial/SNR scalability. A nedia sender can renove NAL units

bel ongi ng to hi gher tenporal sublayers (i.e., those NAL units with a
hi gh value of TID) or higher spatio-SNR |ayers (as indicated by
interpreting the VPS) until the sending bitrate drops to an
accept abl e range.

The mechani snms nenti oned above generally work within a defined
profile and | evel and, therefore, no renegotiation of the channel is
required. Only when non-downgradabl e paraneters (such as profile)
are required to be changed does it becone necessary to term nate and
restart the RTP strean(s). This nmay be acconplished by using

di fferent RTP payl oad types.

MANEsS MAY renove certain unusabl e packets fromthe RTP stream when
that RTP stream was damaged due to previous packet |osses. This can
hel p reduce the network Ioad in certain special cases. For exanple,
MANES can renove those FUs where the | eading FUs belonging to the
same NAL unit have been | ost or those dependent slice segments when
the I eading slice segnents belonging to the sane slice have been

| ost, because the trailing FUs or dependent slice segnents are
meani ngl ess to nost decoders. MANES can al so renove hi gher tenporal
scal abl e layers if the outbound transm ssion (fromthe MANE s

Vi ewpoi nt) experiences congesti on.
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