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Abstract

This meno describes an RTP payl oad format for the video coding
standard | TU-T Reconmendation H. 265 and | SO | EC | nternati ona

St andard 23008-2, both also known as Hi gh Efficiency Video Coding
(HEVC) and devel oped by the Joint Collaborative Team on Vi deo Coding
(JCT-VC). The RTP payload format allows for packetization of one or
nore Network Abstraction Layer (NAL) units in each RTP packet payl oad
as well as fragnmentation of a NAL unit into multiple RTP packets.
Furthermore, it supports transm ssion of an HEVC bitstream over a
single streamas well as nultiple RTP streans. Wen nultiple RTP
streanms are used, a single transport or nultiple transports may be
utilized. The payload format has wi de applicability in

vi deoconferencing, Internet video stream ng, and high-bitrate
entertai nnent-quality video, anbng others

Status of This Meno
This is an Internet Standards Track docunent.

This docunent is a product of the Internet Engi neering Task Force
(IETF). It represents the consensus of the |IETF comunity. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Group (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741.

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it nay be obtained at
http://ww. rfc-editor.org/info/rfc7798
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I nt roducti on

The Hi gh Efficiency Video Coding specification, formally published as
both I TU- T Recommendation H 265 [HEVC] and | SO I EC I nternationa
Standard 23008-2 [|SO23008-2], was ratified by the ITUT in Apri

2013; reportedly, it provides significant coding efficiency gains
over H. 264 [H. 264].

This meno describes an RTP payload format for HEVC. It shares its
basi c design with the RTP payl oad formats of [RFC6184] and [ RFC6190].
Wth respect to design phil osophy, security, congestion control, and
overall inplenentation conplexity, it has sinmilar properties to those
earlier payload format specifications. This is a conscious choice,
as at least RFC 6184 is widely deployed and generally known in the
rel evant inplenenter conmunities. Mechanisnms from RFC 6190 were

i ncorporated as HEVC version 1 supports tenporal scalability.

In order to help the overlapping inplenmenter comunity, frequently
only the differences between RFCs 6184 and 6190 and the HEVC payl oad
format are highlighted in non-normative, explanatory parts of this
meno. Basic familiarity with both specifications is assuned for
those parts. However, the normative parts of this neno do not
require study of RFCs 6184 or 6190.
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1.1. Overview of the HEVC Codec

H. 264 and HEVC share a similar hybrid video codec design. |In this
meno, we provide a very brief overview of those features of HEVC that
are, in some form addressed by the payload format specified herein.
| mpl enenters have to read, understand, and apply the ITU-T/1SQO | EC
specifications pertaining to HEVC to arrive at interoperable, well-
performng inplementations. |nplenenters should consider testing
their design (including the interworking between the payl oad format

i npl enment ati on and the core video codec) using the tools provided by
I TU-T/1SQ I EC, for exanple, confornmance bitstreans as specified in
[H 265.1]. Not doing so has historically led to systens that perform
badly and that are not secure.

Conceptual ly, both H 264 and HEVC i ncl ude a Video Codi ng Layer (VCL),
which is often used to refer to the coding-tool features, and a

Net wor k Abstraction Layer (NAL), which is often used to refer to the
systens and transport interface aspects of the codecs.

1.1.1. Coding-Tool Features

Simlar to earlier hybrid-video-codi ng-based standards, including

H. 264, the foll owi ng basic video coding design is enpl oyed by HEVC

A prediction signal is first forned 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

ef ficiency are achi eved by redesigning and i nproving al nost all parts
of the codec over earlier designs. |In addition, HEVC includes
several tools to nake the inplenmentation on parallel architectures
easier. Belowis a summary of HEVC codi ng-tool features.

Quad-tree bl ock and transform structure

One of the major tools that contributes significantly to the coding
efficiency of HEVC is the use of flexible coding blocks and
transforns, which are defined in a hierarchical quad-tree manner
Unli ke H 264, where the basic coding block is a macrobl ock of fixed-
size 16x16, HEVC defines a Coding Tree Unit (CTU) of a maxi num size
of 64x64. Each CTU can be divided into smaller units in a

hi erarchi cal quad-tree nmanner and can represent snmaller bl ocks down
to size 4x4. Simlarly, the transforns used in HEVC can have
different sizes, starting from4x4 and going up to 32x32. Uilizing
| arge bl ocks and transforns contributes to the mgjor gain of HEVC
especially at high resolutions.
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Ent ropy codi ng

HEVC uses a single entropy-codi ng engi ne, which is based on Cont ext
Adaptive Binary Arithnetic Codi ng (CABAC) [ CABAC], whereas H. 264 uses
two distinct entropy coding engines. CABAC in HEVC shares many
simlarities with CABAC of H. 264, but contains several inprovenents.
Those include inprovenents in coding efficiency and | owered

i mpl ement ation conplexity, especially for parallel architectures.

In-loop filtering

H. 264 includes an in-loop adaptive debl ocking filter, where the

bl ocking artifacts around the transform edges in the reconstructed
picture are snoothed to inprove the picture quality and conpression
efficiency. |In HEVC, a sinmilar deblocking filter is enployed but

wi th somewhat | ower conplexity. |In addition, pictures undergo a
subsequent filtering operation called Sanple Adaptive Ofset (SAO,
which is a new design elenent in HEVC. SAO basically adds a pixel -
| evel offset in an adaptive nanner and usually acts as a de-ringing
filter. 1t is observed that SAO i nproves the picture quality,
especially around sharp edges, contributing substantially to visua
quality inprovenments of HEVC

Moti on prediction and codi ng

There have been a nunber of inprovenents in this area that are
sunmari zed as follows. The first category is notion merge and
Advanced Mdtion Vector Prediction (AMP) nodes. The notion
informati on of a prediction block can be inferred fromthe spatially
or tenporally neighboring blocks. This is simlar to the D RECT node
in H 264 but includes new aspects to incorporate the flexible quad-
tree structure and nmethods to inprove the parallel inplenmentations.
In addition, the notion vector predictor can be signaled for inproved
efficiency. The second category is high-precision interpolation

The interpolation filter length is increased to 8-tap from 6-tap,

whi ch i nproves the coding efficiency but also cones with increased
complexity. In addition, the interpolation filter is defined with

hi gher precision wthout any internmedi ate rounding operations to
further inprove the coding efficiency.

Intra prediction and intra-coding

Conpared to 8 intra prediction nodes in H 264, HEVC supports angul ar
intra prediction with 33 directions. This increased flexibility

i mproves both objective coding efficiency and visual quality as the
edges can be better predicted and ringing artifacts around the edges
can be reduced. In addition, the reference sanples are adaptively
snoot hed based on the prediction direction. To avoid contouring
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artifacts a new interpolative prediction generation is included to
i mprove the visual quality. Furthernore, Discrete Sine Transform
(DST) is utilized instead of traditional Discrete Cosine Transform
(DCT) for 4x4 intra-transform bl ocks.

O her coding-tool features

HEVC i ncl udes sone tools for |ossless coding and efficient screen-
content codi ng, such as skipping the transformfor certain bl ocks.
These tools are particularly useful, for exanple, when stream ng the
user interface of a nobile device to a | arge display.

1.1.2. Systens and Transport Interfaces

HEVC i nherited the basic systens and transport interfaces designs
fromH 264. These include the NAL-unit-based syntax structure, the
hi erarchi cal syntax and data unit structure, the Suppl enmental
Enhancenment Infornmation (SEl) nessage nechani sm and the video

buf feri ng nodel based on the Hypothetical Reference Decoder (HRD)

The hierarchical syntax and data unit structure consists of sequence-
| evel paraneter sets, multi-picture-level or picture-level paraneter
sets, slice-level header paraneters, and | ower-level paranmeters. In
the following, a list of differences in these aspects conpared to

H 264 is sumari zed

Vi deo paraneter set

A new type of paraneter set, called Video Paranmeter Set (VPS), was

i ntroduced. For the first (2013) version of [HEVC], the VPS NAL unit
is required to be available prior to its activation, while the

i nformati on contained in the VPS is not necessary for operation of

t he decodi ng process. For future HEVC extensions, such as the 3D or
scal abl e extensions, the VPS is expected to include information
necessary for operation of the decoding process, e.g., decoding
dependency or information for reference picture set construction of
enhancenent |ayers. The VPS provides a "big picture" of a bitstream
i ncludi ng what types of operation points are provided, the profile,
tier, and level of the operation points, and sone other high-Ieve
properties of the bitstreamthat can be used as the basis for session
negoti ati on and content selection, etc. (see Section 7.1).

Profile, tier, and | evel

The profile, tier, and level syntax structure that can be included in
both the VPS and Sequence Paraneter Set (SPS) includes 12 bytes of
data to describe the entire bitstream (including all tenporally

scal abl e | ayers, which are referred to as sub-layers in the HEVC
specification), and can optionally include nore profile, tier, and
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| evel information pertaining to individual tenporally scal able

| ayers. The profile indicator shows the "best viewed as" profile
when the bitstreamconfornms to nmultiple profiles, simlar to the
maj or brand concept in the | SO Base Media File Format (1 SOBMFF)
[1S014496-12] [1S015444-12] and file formats derived based on

| SOBMFF, such as the 3GPP file format [3GPPFF]. The profile, tier
and | evel syntax structure also includes indications such as 1)

whet her the bitstreamis free of frame-packed content, 2) whether the
bitstreamis free of interlaced source content, and 3) whether the
bitstreamis free of field pictures. When the answer is yes for both
2) and 3), the bitstreamcontains only franme pictures of progressive
source. Based on these indications, clients/players w thout support
of post-processing functionalities for the handling of frane-packed,
interlaced source content or field pictures can reject those
bitstreanms that contain such pictures

Bitstream and el enmentary stream

HEVC i ncl udes a definition of an elenentary stream which is new
conpared to H 264. An elenentary stream consists of a sequence of
one or nore bitstreans. An elementary streamthat consists of two or
nmore bitstreans has typically been forned by splicing together two or
nore bitstreans (or parts thereof). Wen an elenentary stream
contains nore than one bitstream the last NAL unit of the |ast
access unit of a bitstream (except the last bitstreamin the

el ementary stream) nust contain an end of bitstream NAL unit, and the
first access unit of the subsequent bitstream nust be an | ntra-Random
Access Point (I RAP) access unit. This |RAP access unit may be a

C ean Random Access (CRA), Broken Link Access (BLA), or Instantaneous
Decodi ng Refresh (I DR) access unit.

Random access support

HEVC i ncl udes signaling in the NAL unit header, through NAL unit
types, of | RAP pictures beyond IDR pictures. Three types of |RAP
pictures, nanely IDR, CRA, and BLA pictures, are supported: |IDR
pictures are conventionally referred to as cl osed group-of-pictures
(cl osed-GOP) random access points whereas CRA and BLA pictures are
conventionally referred to as open-GOP random access points. BLA
pictures usually originate fromsplicing of two bitstreans or part
thereof at a CRA picture, e.g., during streamswitching. To enable
better systens usage of |RAP pictures, altogether six different NAL
units are defined to signal the properties of the | RAP pictures,

whi ch can be used to better match the stream access point types as
defined in the | SOBMFF [1S014496-12] [1S015444-12], which are
utilized for random access support in both 3GP-DASH [ 3GPDASH] and
MPEG DASH [ MPEGDASH]. Pictures following an I RAP picture in decoding
order and preceding the I RAP picture in output order are referred to
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as |l eading pictures associated with the |RAP picture. There are two
types of |eading pictures: Random Access Decodabl e Leadi ng (RADL)

pi ctures and Random Access Ski pped Leadi ng (RASL) pictures. RADL

pi ctures are decodabl e when the decoding started at the associ ated

| RAP picture; RASL pictures are not decodabl e when the decodi ng
started at the associated | RAP picture and are usually discarded.
HEVC provi des nmechani sns to enabl e speci fying the confornmance of a
bitstream wherein the originally present RASL pictures have been

di scarded. Consequently, system conponents can discard RASL

pi ctures, when needed, w thout worrying about causing the bitstream
to beconme non-conpliant.

Tenporal scalability support

HEVC i ncl udes an inproved support of tenporal scalability, by

i nclusion of the signaling of Tenporalld in the NAL unit header, the
restriction that pictures of a particular tenporal sub-layer cannot
be used for inter prediction reference by pictures of a | ower
tenporal sub-layer, the sub-bitstreamextraction process, and the
requi renent that each sub-bitstream extracti on output be a conforning
bitstream Media-Aware Network El enents (MANEsS) can utilize the
Tenporalld in the NAL unit header for stream adaptation purposes
based on tenporal scalability.

Tenporal sub-layer sw tching support

HEVC specifies, through NAL unit types present in the NAL unit

header, the signaling of Tenporal Sub-layer Access (TSA) and Step-

wi se Tenporal Sub-layer Access (STSA). A TSA picture and pictures
followi ng the TSA picture in decoding order do not use pictures prior
to the TSA picture in decoding order with Tenporalld greater than or
equal to that of the TSA picture for inter prediction reference. A
TSA picture enabl es up-switching, at the TSA picture, to the sub-

| ayer containing the TSA picture or any higher sub-layer, fromthe

i medi ately | ower sub-layer. An STSA picture does not use pictures
with the same Tenporalld as the STSA picture for inter prediction
reference. Pictures following an STSA picture in decoding order wth
the sanme Tenporalld as the STSA picture do not use pictures prior to
the STSA picture in decoding order with the same Tenporalld as the
STSA picture for inter prediction reference. An STSA picture enables
up-swi tching, at the STSA picture, to the sub-layer containing the
STSA picture, fromthe i mediately | ower sub-Iayer

Sub-1 ayer reference or non-reference pictures
The concept and signaling of reference/ non-reference pictures in HEVC

are different fromH. 264. In H 264, if a picture may be used by any
other picture for inter prediction reference, it is a reference
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picture; otherwise, it is a non-reference picture, and this is
signaled by two bits in the NAL unit header. |In HEVC, a picture is
called a reference picture only when it is marked as "used for
reference". |In addition, the concept of sub-layer reference picture
was introduced. |If a picture may be used by another other picture
with the same Tenporalld for inter prediction reference, it is a sub-
| ayer reference picture; otherwise, it is a sub-layer non-reference
picture. Wiether a picture is a sub-layer reference picture or sub-
| ayer non-reference picture is signaled through NAL unit type val ues.

Extensibility

Besi des the Tenporalld in the NAL unit header, HEVC al so includes the
signaling of a six-bit layer IDin the NAL unit header, which nust be
equal to O for a single-layer bitstream Extension nmechani snms have
been included in the VPS, SPS, Picture Paraneter Set (PPS), SElI NAL
unit, slice headers, and so on. All these extension mechani sns
enabl e future extensions in a backward-conpati ble manner, such that

bi t streans encoded according to potential future HEVC extensions can
be fed to then-legacy decoders (e.g., HEVC version 1 decoders), and
the then-1egacy decoders can decode and output the base-Iayer

bit stream

Bi t stream extraction

HEVC i ncl udes a bitstreamextraction process as an integral part of
the overall decoding process. The bitstreamextraction process is
used in the process of bitstream conformance tests, which is part of
the HRD buffering nodel.

Ref erence pi cture nmanagenent

The reference picture managenment of HEVC, including reference picture
mar ki ng and renoval fromthe Decoded Picture Buffer (DPB) as well as
Ref erence Picture List Construction (RPLC), differs fromthat of

H. 264. Instead of the reference picture marking nechani sm based on a
sliding wi ndow pl us adaptive Menory Managenent Control Cperation
(MVCO) described in H 264, HEVC specifies a reference picture
managenment and mar ki ng nechani sm based on Reference Picture Set

(RPS), and the RPLC is consequently based on the RPS nmechanism An
RPS consists of a set of reference pictures associated with a
picture, consisting of all reference pictures that are prior to the
associ ated picture in decoding order, that nay be used for inter
prediction of the associated picture or any picture follow ng the
associ ated picture in decoding order. The reference picture set
consists of five lists of reference pictures; RefPicSet St CurrBefore,
Ref Pi cSet St Curr After, RefPicSetStFoll, RefPicSetLtCurr, and

Ref Pi cSet Lt Fol I . Ref Pi cSet St CurrBef ore, RefPicSetStCurrAfter, and
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Ref Pi cSet Lt Curr contain all reference pictures that nay be used in
inter prediction of the current picture and that nay be used in inter
predi ction of one or nore of the pictures follow ng the current
picture in decoding order. RefPicSetStFoll and RefPicSetlLtFol
consist of all reference pictures that are not used in inter
prediction of the current picture but may be used in inter prediction
of one or nore of the pictures following the current picture in
decodi ng order. RPS provides an "intra-coded" signaling of the DPB
status, instead of an "inter-coded" signaling, mainly for inproved
error resilience. The RPLC process in HEVC is based on the RPS, by
signaling an index to an RPS subset for each reference index; this
process is sinpler than the RPLC process in H. 264.

Utra-1 ow del ay support

HEVC specifies a sub-picture-level HRD operation, for support of the
so-called ultra-low delay. The nmechani sm specifies a standard-
conpliant way to enabl e delay reduction bel ow a one-picture interval
Coded Picture Buffer (CPB) and DPB paraneters at the sub-picture

| evel nmay be signaled, and utilization of this information for the
derivation of CPB timng (wherein the CPB renoval time corresponds to
decoding time) and DPB output timng (display tine) is specified.
Decoders are allowed to operate the HRD at the conventional access-
unit level, even when the sub-picture-level HRD paraneters are
present.

New SEI nmessages

HEVC i nherits many H 264 SEI nessages with changes in syntax and/or
semantics nmaking them applicable to HEVC. Additionally, there are a
few new SEI nessages reviewed briefly in the follow ng paragraphs.

The display orientation SEI nmessage inforns the decoder of a
transformation that is reconmended to be applied to the cropped
decoded picture prior to display, such that the pictures can be
properly displayed, e.g., in an upside-up nmanner

The structure of pictures SEI nessage provides information on the NAL
unit types, picture-order count values, and prediction dependencies
of a sequence of pictures. The SEI nmessage can be used, for exanple,
for concl uding what inpact a |ost picture has on other pictures.

The decoded picture hash SEI nessage provides a checksum derived from

the sanpl e val ues of a decoded picture. |t can be used for detecting
whet her a picture was correctly received and decoded.
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The active paraneter sets SEI nessage includes the IDs of the active
vi deo paraneter set and the active sequence paraneter set and can be
used to activate VPSs and SPSs. In addition, the SEI nessage

i ncludes the follow ng indications: 1) An indication of whether "ful
random accessi bility” is supported (when supported, all paraneter
sets needed for decoding of the renmining of the bitstream when
random accessing fromthe begi nning of the current CVS by conpletely
di scarding all access units earlier in decoding order are present in
the remaining bitstream and all coded pictures in the renaining

bi tstream can be correctly decoded); 2) An indication of whether
there is no paraneter set within the current CVS that updates another
paraneter set of the sane type preceding in decoding order. An
update of a paraneter set refers to the use of the sane paraneter set
ID but with some other paranmeters changed. |If this property is true
for all CVSs in the bitstream then all paraneter sets can be sent
out - of - band before session start.

The decoding unit information SEI nessage provides information
regardi ng coded picture buffer renoval delay for a decoding unit.
The message can be used in very-lowdelay buffering operations.

The region refresh informati on SEI nessage can be used together with
the recovery point SEI nessage (present in both H 264 and HEVC) for

i mproved support of gradual decoding refresh. This supports random
access frominter-coded pictures, wherein conplete pictures can be
correctly decoded or recovered after an indicated nunber of pictures
i n output/display order

1.1.3. Parallel Processing Support

The reportedly significantly hi gher encodi ng conputational demand of
HEVC over H. 264, in conjunction with the ever-increasing video
resolution (both spatially and tenporally) required by the narket,
led to the adoption of VCL coding tools specifically targeted to
all ow for parallelization on the sub-picture level. That is,
paral l elization occurs, at the mininum at the granularity of an

i nteger nunber of CTUs. The targets for this type of high-Ileve
parallelization are nulticore CPUs and DSPs as well as nultiprocessor
systems. In a systemdesign, to be useful, these tools require
signaling support, which is provided in Section 7 of this meno. This
section provides a brief overview of the tools available in [HEVC].

Many of the tools incorporated in HEVC were desi gned keeping in nind
the potential parallel inplementations in multicore/ nmultiprocessor
architectures. Specifically, for parallelization, four picture
partition strategi es, as described bel ow, are avail abl e.
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Slices are segnents of the bitstreamthat can be reconstructed

i ndependently fromother slices within the sane picture (though there
may still be interdependencies through loop filtering operations).
Slices are the only tool that can be used for parallelization that is
al so available, in virtually identical form in H 264.
Paral |l eli zati on based on slices does not require nuch inter-processor
or inter-core comunication (except for inter-processor or inter-core
data sharing for notion conpensati on when decoding a predictively
coded picture, which is typically rmuch heavier than inter-processor
or inter-core data sharing due to in-picture prediction), as slices
are designed to be independently decodable. However, for the sane
reason, slices can require sone coding overhead. Further, slices (in
contrast to sone of the other tools nentioned below) also serve as
the key nechanismfor bitstreampartitioning to match Maxi num
Transfer Unit (MIU) size requirements, due to the in-picture

i ndependence of slices and the fact that each regular slice is
encapsulated in its own NAL unit. In many cases, the goal of
paral l elization and the goal of MIU size matching can pl ace
contradicting demands to the slice layout in a picture. The
realization of this situation led to the devel opment of the nore
advanced tools nentioned bel ow.

Dependent slice segnents allow for fragnentation of a coded slice
into fragments at CTU boundari es wi thout breaking any in-picture
predi ction nechani sns. They are conplenentary to the fragnentation
nmechani sm described in this menmo in that they need the cooperation of
the encoder. As a dependent slice segnment necessarily contains an

i nt eger nunber of CTUs, a decoder using nmultiple cores operating on
CTUs can process a dependent slice segnent w thout communicating
parts of the slice segnment’s bitstreamto other cores

Fragnentation, as specified in this nmeno, in contrast, does not
guarantee that a fragnment contains an integer nunber of CTUs.

In Wavefront Parallel Processing (WPP), the picture is partitioned
into rows of CTUs. Entropy decoding and prediction are allowed to
use data fromCTUs in other partitions. Parallel processing is
possi bl e through parallel decoding of CTU rows, where the start of
the decoding of a rowis delayed by two CTUs, so to ensure that data
related to a CTU above and to the right of the subject CTUis
avai |l abl e before the subject CTU is being decoded. Using this
staggered start (which appears |ike a wavefront when represented
graphically), parallelization is possible with up to as nmany
processors/cores as the picture contains CTU rows.

Because in-picture prediction between neighboring CTU rows within a
picture is allowed, the required inter-processor/inter-core

communi cation to enable in-picture prediction can be substanti al
The WPP partitioning does not result in the creation of nore NAL
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units conpared to when it is not applied; thus, WP cannot be used
for MIU size matching, though slices can be used in conbination for
t hat purpose.

Til es define horizontal and vertical boundaries that partition a
picture into tile colums and rows. The scan order of CTUs is
changed to be local within a tile (in the order of a CTU raster scan
of atile), before decoding the top-left CTU of the next tile in the
order of tile raster scan of a picture. Simlar to slices, tiles
break in-picture prediction dependencies (including entropy decoding
dependenci es). However, they do not need to be included into

i ndi vidual NAL units (sanme as WPP in this regard); hence, tiles
cannot be used for MIU size matching, though slices can be used in
conbination for that purpose. Each tile can be processed by one
processor/core, and the inter-processor/inter-core comunication
required for in-picture prediction between processing units decoding
nei ghboring tiles is limted to conveying the shared slice header in
cases a slice is spanning nore than one tile, and |l oop-filtering-

rel ated sharing of reconstructed sanples and netadata. |nsofar,
tiles are less demanding in ternms of inter-processor comruni cation
bandwi dth conpared to WPP due to the in-picture i ndependence between
two nei ghboring partitions.

1.1.4. NAL Unit Header

HEVC mai ntains the NAL unit concept of H 264 with nodifications.
HEVC 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 .

| O 1] 2| 3| 4] 5] 6] 7| O] 1| 2| 3| 4| 5] 6] 7|
T S g P U g S R S T S S
| F Type | Layerld | TID

Figure 1: The Structure of the HEVC NAL Unit Header

The senmantics of the fields in the NAL unit header are as specified
in [HEVC] and described briefly bel ow for convenience. In addition
to the name and size of each field, the corresponding syntax el ement
nane in [HEVC] is also provided

F: 1 bit
forbi dden_zero_bit. Required to be zero in [HEVC]. Note that the
inclusion of this bit in the NAL unit header was to enable
transport of HEVC video over MPEG 2 transport systens (avoi dance
of start code enul ations) [MPE&RS]. |In the context of this neno,
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the value 1 may be used to indicate a syntax violation, e.g., for
a NAL unit resulted from aggregating a nunber of fragmented units
of a NAL unit but missing the |ast fragment, as described in
Section 4.4.3.

Type: 6 bits

nal _unit _type. This field specifies the NAL unit type as defined
in Table 7-1 of [HEVC]. |If the nost significant bit of this field
of a NAL unit is equal to O (i.e., the value of this field is |ess
than 32), the NAL unit is a VCL NAL unit. Oherwi se, the NAL unit
is anon-VCL NAL unit. For a reference of all currently defined
NAL unit types and their semantics, please refer to Section 7.4.2
in [HEVC .

Layerld: 6 bits

nuh_layer _id. Required to be equal to zero in [HEVC]. It is
anticipated that in future scal able or 3D video codi ng extensions
of this specification, this syntax elenent will be used to
identify additional |ayers that nmay be present in the CVS, wherein
a layer may be, e.g., a spatial scalable layer, a quality scal able
| ayer, a texture view, or a depth view

TID: 3 bits

1.2.

nuh_tenporal id plusl. This field specifies the tenpora
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 considerations of start code emulations in the
NAL unit header and in the NAL unit payl oad dat a.

Overvi ew of the Payl oad For nat

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

(0]

(o]

Wang,

Usage of RTP header with this payl oad format

Packeti zati on of HEVC coded NAL units into RTP packets using three
types of payl oad structures: a single NAL unit packet, aggregation
packet, and fragnment unit

Transm ssion of HEVC NAL units of the sanme bitstreamwithin a
single RTP streamor multiple RTP streans (within one or nore RTP
sessions), where within an RTP streamtransm ssion of NAL units
may be either non-interleaved (i.e., the transm ssion order of NAL
units is the sane as their decoding order) or interleaved (i.e.
the transm ssion order of NAL units is different fromthe decodi ng
order)

et al. St andards Track [ Page 14]



RFC 7798 RTP Payl oad Format for HEVC March 2016

0 Media type paraneters to be used with the Session Description
Prot ocol (SDP) [RFC4566]

0 A payl oad header extension nechani smand data structures for
enhanced support of tenporal scalability based on that extension
nmechani sm

2. Conventions

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in BCP 14 [ RFC2119].

In this docunent, the above key words will convey that interpretation
only when in ALL CAPS. Lowercase uses of these words are not to be
interpreted as carrying the significance described in RFC 2119.

This specification uses the notion of setting and clearing a bit when
bit fields are handled. Setting a bit is the same as assigning that
bit the value of 1 (On). Cearing a bit is the same as assi gni ng
that bit the value of 0 (OFf).

3. Definitions and Abbrevi ations
3.1. Definitions

Thi s docunent uses the terms and definitions of [HEVC]. Section
3.1.1 lists relevant definitions from|[HEVC] for convenience.
Section 3.1.2 provides definitions specific to this meno.

3.1.1. Definitions fromthe HEVC Specification

access unit: A set of NAL units that are associated with each other
according to a specified classification rule, that are consecutive in
decodi ng order, and that contain exactly one coded picture.

BLA access unit: An access unit in which the coded picture is a BLA
pi cture.

BLA picture: An IRAP picture for which each VCL NAL unit has
nal _unit_type equal to BLA WLP, BLA WRADL, or BLA N LP.

Coded Vi deo Sequence (CVS): A sequence of access units that consists,
in decoding order, of an I RAP access unit w th NoRasl Qut put Fl ag equa
to 1, followed by zero or nore access units that are not | RAP access
units with NoRasl QutputFlag equal to 1, including all subsequent
access units up to but not including any subsequent access unit that
is an | RAP access unit with NoRasl Qut putFl ag equal to 1
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Informative note: An | RAP access unit nmay be an IDR access unit, a
BLA access unit, or a CRA access unit. The val ue of
NoRasl Qut put Flag is equal to 1 for each I DR access unit, each BLA
access unit, and each CRA access unit that is the first access
unit in the bitstreamin decoding order, is the first access unit
that follows an end of sequence NAL unit in decoding order, or has
Handl eCraAsBl aFl ag equal to 1

CRA access unit: An access unit in which the coded picture is a CRA
pi cture.

CRA picture: A RAP picture for which each VCL NAL unit has
nal _unit_type equal to CRA _NUT.

| DR access unit: An access unit in which the coded picture is an IDR
pi cture.

I DR picture: A RAP picture for which each VCL NAL unit has
nal _unit _type equal to IDR WRADL or IDR N LP.

| RAP access unit: An access unit in which the coded picture is an
| RAP pi cture.

| RAP picture: A coded picture for which each VCL NAL unit has
nal _unit _type in the range of BLA WLP (16) to RSV_|I RAP_VCL23 (23),
i ncl usive.

layer: A set of VCL NAL units that all have a particul ar val ue of
nuh_l ayer _id and the associated non-VCL NAL units, or one of a set of
syntactical structures having a hierarchical relationship.

operation point: bitstreamcreated from another bitstream by
operation of the sub-bitstreamextraction process with the another
bitstream a target highest Tenporalld, and a target-layer identifier
list as input.

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

sub-l ayer: A tenporal scalable |layer of a temporal scal able bitstream
consisting of VCL NAL units with a particul ar value of the Tenporalld
variable, and the associated non-VCL NAL units.

sub-l ayer representation: A subset of the bitstream consisting of NAL
units of a particular sub-layer and the | ower sub-Ilayers.

tile: A rectangular region of coding tree blocks within a particul ar
tile colum and a particular tile rowin a picture.
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tile colum: A rectangul ar region of coding tree bl ocks having a
hei ght equal to the height of the picture and a wi dth specified by
syntax elements in the picture paraneter set.

tile row. A rectangul ar region of coding tree bl ocks having a hei ght
specified by syntax elenments in the picture paraneter set and a width
equal to the width of the picture.

3.1.2. Definitions Specific to This Meno

dependee RTP stream An RTP stream on whi ch another RTP stream
depends. Al RTP streans in a Miultiple RTP streans on a Single nedia
Transport (MRST) or Multiple RTP streans on Miultiple nedia Transports
(MRMT), except for the highest RTP stream are dependee RTP streans.

hi ghest RTP stream The RTP stream on which no other RTP stream
depends. The RTP streamin a Single RTP streamon a Single nedia
Transport (SRST) is the highest RTP stream

Medi a- Awar e Network Elenent (MANE): A network el enent, such as a

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

Informative note: The concept of a MANE goes beyond nornal routers
or gateways in that a MANE has to be aware of the signaling (e.g.
to | earn about the payl oad type nappi 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 nedia coding. For
exanple, if a MANE has to drop packets due to congestion on a
certain link, it can identify and renpove those packets whose
elimnation produces the | east adverse effect on the user
experience. After dropping packets, MANES nust rewite RTCP
packets to match the changes to the RTP stream as specified in
Section 7 of [RFC3550].

Medi a Transport: As used in the MRST, MRMI, and SRST definitions

bel ow, Media Transport denotes the transport of packets over a
transport association identified by a 5-tuple (source address, source
port, destination address, destination port, transport protocol).

See also Section 2.1.13 of [RFC7656].

Informative note: The term"bitstreant in this document is
equi valent to the term "encoded stream' in [ RFC7656].
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Multiple RTP streans on a Single nedia Transport (MRST): Miltiple
RTP streans carrying a single HEVC bitstreamon a Single Transport.
See also Section 3.5 of [RFC7656].

Multiple RTP streans on Multiple media Transports (MRMI): Miltiple
RTP streans carrying a single HEVC bitstreamon Miltiple Transports
See also Section 3.5 of [RFC7656].

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 [HEVC].

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 [HEV(,
and in which NAL units within an access unit are in their decoding
or der.

NAL-unit-like structure: A data structure that is simlar to NAL
units in the sense that it also has a NAL unit header and a payl oad,
with a difference that the payl oad does not follow the start code
enul ati on prevention nmechanismrequired for the NAL unit syntax as
specified in Section 7.3.1.1 of [HEVC]. Exanples of NAL-unit-Iike
structures defined in this neno are packet payl oads of Aggregation
Packet (AP), PAyload Content Infornmation (PACI), and Fragnentation
Unit (FU) packets.

NALU-time: The value that the RTP tinestanp would have if the NAL
unit would be transported in its own RTP packet.

RTP stream See [RFC7656]. Wthin the scope of this neno, one RTP
streamis utilized to transport one or nore tenporal sub-layers

Single RTP streamon a Single nedia Transport (SRST): Single RTP
stream carrying a single HEVC bitstreamon a Single (Mdia)
Transport. See also Section 3.5 of [RFC7656].

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

AP

BLA

CvS
DPH
FU
HRD
I DR
| RAP
MANE
VRMT
VRST
MIuU
NAL
NALU
PACI
PHES
PPS
RADL
RASL

RPS

Wang, et al.

Aggr egati on Packet

Broken Link Access

Cl ean Random Access

Codi ng Tree Bl ock

Codi ng Tree Unit

Coded Vi deo Sequence

Decoded Picture Hash
Fragnentati on Unit

Hypot heti cal Reference Decoder
I nst ant aneous Decodi ng Refresh
I ntra Random Access Poi nt

Medi a- Awar e Net wor k El enent

Multiple RTP streans on Multiple nmedia Transports

Multiple RTP streans on a Single nedia Transport

Maxi mum Transfer Unit

Net wor k Abstraction Layer

Net wor k Abstraction Layer Unit

PAyl oad Content Infornation

Payl oad Header Extension Structure

Pi cture Paraneter Set

Random Access Decodabl e Leadi ng (Picture)

Random Access Ski pped Leadi ng (Picture)

Ref erence Picture Set

St andards Track
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SEI
SPS
SRST
STSA
TSA
TSCI
VCL
VPS

4. RTP Payl

RTP Payl oad Format for HEVC

Suppl enent al Enhancenent | nfornation
Sequence Par aneter Set

Single RTP streamon a Single nedia Transport
St ep-wi se Tenporal Sub-layer Access

Tenporal Sub-1ayer Access

Tenporal Scal ability Control Information

Vi deo Codi ng Layer

Vi deo Par aneter Set

oad For mat

4.1. RTP Header Usage

March 2016

The format of the RTP header is specified in [ RFC3550] (reprinted as
for convenience). This payload format uses the fields of

Figure 2

the header in a manner consistent with that specification.

The RTP payl oad (and the settings for sone RTP header bits) for
aggregation packets and fragnmentation units are specified in Sections
4.4.2 and 4.4.3, respectively.

0

1 2

3

01234567890123456789012345678901
T T S T i s L i S S S S S S S e T s

| V=2| P| X|

cC M PT | sequence numnber

T S S T i T S S S S S St Lk i T R S A s

ti mestanp

B S S i S S S S e S s S S S S S S S S e

synchroni zati on source (SSRC) identifier

R i = ek e e e e =t e e e e i =k st st et e e R = sk Sl b et

T S T A S S =

Wang, et al.

contributing source (CSRC) identifiers

Fi gure 2: RTP Header According to [ RFC3550]
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The RTP header information to be set according to this RTP payl oad
format is set as follows:

Marker bit (M: 1 bit

Set for the | ast packet of the access unit, carried in the current
RTP stream This is in line with the normal use of the Mbit in
video formats to allow an efficient playout buffer handling. Wen
MRST or MRMI is in use, if an access unit appears in nmultiple RTP
streams, the marker bit is set on each RTP stream s | ast packet of
the access unit.

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 inplenentation may
obtain this information fromthe video encoder. If, however,
the inplementation cannot obtain this information directly from
the encoder, e.g., when the bitstream was pre-encoded, and al so
there is no tinestanp allocated for each NAL unit, then the
sender inplenentation can i nspect subsequent NAL units in
decodi ng order to determ ne whether or not the NAL unit is the
last 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 also
determined to be the last NAL unit of an access unit if both
the followi ng conditions are true: 1) the next VCL NAL unit

nal uY in decodi ng order has the high-order bit of the first
byte after its NAL unit header equal to 1, and 2) all NAL units
bet ween nal uX and nal uY, when present, have nal _unit_type in
the range of 32 to 35, inclusive, equal to 39, or in the ranges
of 41 to 44, inclusive, or 48 to 55, inclusive.

Payl oad Type (PT): 7 bits
The assignnment 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 assignnent of a payload type has to be perfornmed either
through the profile used or in a dynanmic way.

Informative note: It is not required to use different payl oad
type values for different RTP streans in MRST or MRMI

Sequence Nunmber (SN): 16 bits

Set and used in accordance w th [ RFC3550].
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Ti restanp: 32 bits

The RTP tinmestanp is set to the sanpling tinmestanp of the content.
A 90 kHz clock rate MJST be used.

If the NAL unit has no timing properties of its own (e.qg.

paraneter set and SEI NAL units), the RTP tinestanp MJUST be set to
the RTP tinmestanp of the coded picture of the access unit in which
the NAL unit (according to Section 7.4.2.4.4 of [HEVC]) is

i ncl uded.

Recei vers MJUST use the RTP tinestanp for the display process, even
when the bitstream contains picture tinng SEI nessages or
decoding unit information SEI nessages as specified in [HEVC.
However, this does not nmean that picture tinming SEI nessages in
the bitstream should be discarded, as picture tinng SEIl nmessages
may contain frane-field information that is inportant in
appropriately rendering interlaced video.

Synchroni zati on source (SSRC): 32 bits

Used to identify the source of the RTP packets. When using SRST,
by definition a single SSRC is used for all parts of a single
bitstream In MRST or MRMI, different SSRCs are used for each RTP
stream contai ning a subset of the sub-layers of the single
(tenmporally scalable) bitstream A receiver is required to
correctly associate the set of SSRCs that are included parts of
the sane bitstream

4.2. Payl oad Header Usage

The first two bytes of the payl oad of an RTP packet are referred to
as the payl oad header. The payl oad header consists of the sane
fields (F, Type, Layerld, and TID) as the NAL unit header as shown in
Section 1.1.4, irrespective of the type of the payl oad structure.

The TID val ue indicates (anmong other things) the relative inportance
of an RTP packet, for exanple, because NAL units bel onging to higher
tenporal sub-layers are not used for the decoding of |ower tenpora
sub-layers. A lower value of TID indicates a higher inportance.
More-i mportant NAL units MAY be better protected against transm ssion
| osses than | ess-inportant NAL units.
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4.3. Transmni ssion Mdes
This neno enabl es transmi ssion of an HEVC bitstream over
0 a Single RTP streamon a Single nedia Transport (SRST),
o Multiple RTP streans over a Single nedia Transport (MRST), or
o Miultiple RTP streanms on Miltiple nmedia Transports (IMRM).

Informative note: While this specification enables the use of MRST
within the H 265 RTP payl oad, the signaling of MRST within SDP
offer/answer is not fully specified at the tinme of this witing.
See [ RFC5576] and [ RFC5583] for what is supported today as well as
[ RTP- MULTI - STREAM and [ SDP-NEG for future directions.

When in MRMI, the dependency of one RTP stream on anot her RTP stream
is typically indicated as specified in [ RFC5583]. [RFC5583] can al so
be utilized to specify dependencies within MRST, but only if the RTP
streams utilize distinct payl oad types.

SRST or MRST SHOULD be used for point-to-point unicast scenarios,
whereas MRMI' SHOULD be used for point-to-multipoint nulticast
scenarios where different receivers require different operation
points of the same HEVC bitstream to inprove bandwi dth utilizing
ef ficiency.

Informative note: A multicast may degrade to a unicast after al

but one receivers have left (this is a justification of the first
"SHOULD' instead of "MJST"), and there nmight be scenarios where
MRMT i s desirable but not possible, e.g., when IP nulticast is not
depl oyed in certain network (this is a justification of the second
"SHOULD' instead of "MJST").

The transm ssion node is indicated by the tx-node nedia paraneter
(see Section 7.1). |If tx-node is equal to "SRST", SRST MJUST be used
O herwise, if tx-npde is equal to "MRST", MRST MJST be used

O herwi se (tx-node is equal to "MRMI™), MRMI MUST be used

Informative note: When an RTP stream does not depend on other RTP
streanms, any of SRST, MRST, or MRMI may be in use for the RTP
stream

Recei vers MUST support all of SRST, MRST, and MRMI

Informative note: The required support of MRMI by receivers does
not inply that nulticast nust be supported by receivers.
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4.4. Payload Structures

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

The four 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 also serves as the payl oad
header. This payload structure is specified in Section 4.4.1

0 Aggregation Packet (AP): Contains nore than one NAL unit within
one access unit. This payload structure is specified in Section
4.4.2.

o Fragnmentation Unit (FU): Contains a subset of a single NAL unit.
This payload structure is specified in Section 4.4.3.

0 PACI carrying RTP packet: Contains a payl oad header (that differs
from ot her payl oad headers for efficiency), a Payload Header
Extension Structure (PHES), and a PACI payload. This payl oad
structure is specified in Section 4.4.4.

4.4.1. Single NAL Unit Packets

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
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
B T e o i S I i i S S N iy St S I S S
| Payl oadHdr | DONL (conditional) |
e i T i i o T R O S O e S T S s it (o (B SR S

I I
| NAL unit payl oad data

I I
| B il i S S S S S T S S
| :...OPTIONAL RTP paddi ng
+-

T e

Figure 3: The Structure of a Single NAL Unit Packet
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The payl oad header SHOULD be an exact copy of the NAL unit header of
the contained NAL unit. However, the Type (i.e., nal _unit_type)
field MAY be changed, e.g., when it is desirable to handle a CRA
picture to be a BLA picture [JCTVC J0107].

The DONL field, when present, specifies the value of the 16 |east
significant bits of the decodi ng order nunber of the contai ned NAL
unit. |If sprop-max-don-diff is greater than O for any of the RTP
streans, the DONL field MJST be present, and the variable DON for the
contained NAL unit is derived as equal to the value of the DONL
field. Oherw se (sprop-max-don-diff is equal to O for all the RTP
streans), the DONL field MUST NOT be present.

4.4.2. Aggregation Packets (APs)

Aggregation Packets (APs) are introduced to enable the reduction of
packetization overhead for small 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 within one access unit. Each NAL unit to
be carried in an AP is encapsul ated in an aggregation unit. NAL
units aggregated in one AP are 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.

0 1 2 3
01234567890123456789012345678901
B T e o i S I i i S S N iy St S I S S

Payl oadHdr (Type=48) | |

e i i S e e S il o T S R |
|

|

|

two or nore aggregation units

B il i S S S S S T S S
:...OPTIONAL RTP paddi ng

|
+-
|
|
|
|
|
D I S T T i T S i S S S S S

Figure 4: The Structure of an Aggregati on Packet

The fields in the payl oad header are set as follows. The F bit MJST
be equal to O if the F bit of each aggregated NAL unit is equal to
zero; otherwise, it MJIST be equal to 1. The Type field MIUST be equa
to 48. The value of Layerld MJST be equal to the | owest val ue 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.
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Informative note: Al VCL NAL units in an AP have the sane TID
val ue since they belong to the sanme 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 sane AP.

An AP MUST carry at |least two aggregation units and can carry as nany
aggregation units as necessary; however, the total anount of data in
an AP obviously MJUST fit into an I P packet, and the size SHOULD be
chosen so that the resulting | P packet is smaller than the MIU size
so to avoid IP layer fragnentation. An AP MJUST NOT contain FUs
specified in Section 4.4.3. APs MJST NOT be nested; i.e., an AP nust
not contain another 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.

0 1 2 3
01234567890123456789012345678901
B T S S e s e i s S i S S S S S S T S SR S S S i S S S

: DONL (conditional) | NALU si ze
I S T S S T S T ity I S S e S
| NALU si ze
+- - e - - - - - NAL unit
I
I
I
+-

I
I
I
B ol ok ks o S S S e e e S
e e e e e e e e e e e e e e e
Figure 5: The Structure of the First Aggregation Unit in an AP

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

I f sprop-max-don-diff is greater than O for any of the RTP streans,
the DONL field MIUST 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. Oherw se (sprop-nmax-don-diff is equal to O for all the RTP
streans), the DONL field MJUST NOT be present in an aggregation unit
that is the first aggregation unit in an AP.
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An aggregation unit that is not the first aggregation unit in an AP
consists of a conditional 8-bit DOND field followed by a 16-bit

unsi gned 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 6.

0 1 2 3
01234567890123456789012345678901
B T T T o o S S S e i S S Tk e e Y S

DOND ( cond) | NALU si ze |
B i ok it I I S e S e S ki ol ik i I TR SR i S S e S e e e e i i 5
| |
| NAL unit |
| e R R i ol B S SIS SR S R
| .
+-

T S T S S S S i a3

Figure 6: The Structure of an Aggregation Unit That Is Not the
First Aggregation Unit in an AP

When present, the DOND field plus 1 specifies the difference between
t he decodi ng order nunber values of the current aggregated NAL unit
and the preceding aggregated NAL unit in the sanme AP.

I f sprop-max-don-diff is greater than O for any of the RTP streans,
the DOND field MJUST be present in an aggregation unit that is not the
first aggregation unit in an AP, and the variable DON for the
aggregated NAL unit is derived as equal to the DON of the preceding
aggregated NAL unit in the same AP plus the value of the DOND field
plus 1 nodul o 65536. O herwi se (sprop-nmax-don-diff is equal to O for
all the RTP streans), the DOND field MUST NOT be present in an
aggregation unit that is not the first aggregation unit in an AP, and
in this case the transm ssion order and decodi ng order of NAL units
carried in the AP are the same as the order the NAL units appear in
the AP.

Figure 7 presents an exanple of an AP that contains two aggregation
units, labeled as 1 and 2 in the figure, without the DONL and DOND
fields being present.
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0 1 2 3
01234567890123456789012345678901
T i e S e e e e e o el ol S
| RTP Header |
T e i e i e e e e o e o ol o S R S S e S
Payl oadHdr (Type=48) | NALU 1 Size |
R ok e S o e e e e il S S S

NALU 1 HDR |

R i ol R S S e e i o NALU 1 Data

|

+-

|

+-

|

|

+ B T S S i Tl it S S A S A
| . .. | NALU 2 Size | NALU 2 HDR
s S S T i S e Tk i S S S S S
| NALU 2 HDR |

B L T I S S NALU 2 Data

|

|

|
+-

—_—_

B ol ok ks o S S S e e e S
:...OPTIONAL RTP paddi ng |
B i T e S i i i i T S S e e S i o i I T N S

Figure 7: An Exanpl e of an AP Packet Containi ng Two Aggregation
Units without the DONL and DOND Fi el ds
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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 and DOND
fields being present.

0 1 2 3
01234567890123456789012345678901
T T i e i i e T e b s S S SN S
| RTP Header |
i T i i o e e e e e e et i S S S R R SR
Payl oadHdr (Type=48) | NALU 1 DONL |
B i T o S o i S S i s S S S S S S
NALU 1 Size | NALU 1 HDR |
i e T S i i i i i e e S S S o s

NALU 1 Data

I

+-

|

+-

I

I

I

+ .o B T s i e T e T i s it R S
| | NALU 2 DOND | NALU 2 Size

T R e i i e S e e i T i R S R S e
| NALU 2 HDR |

i ol i ol S S S S e R s NALU 2 Data

I
I
|
+-

—_—_

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

Figure 8: An Exanple of an AP Containing Two Aggregation Units
with the DONL and DOND Fi el ds

4.4.3. Fragnentation Units

Fragnentation Units (FUs) are introduced to enable fragnenting a
single NAL unit into rmultiple RTP packets, possibly wthout
cooperation or know edge of the HEVC 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 same RTP stream being sent between the first and | ast
fragment).

When a NAL unit is fragnmented and conveyed within FUs, it is referred
to as a fragnmented NAL unit. APs MJST NOT be fragnented. FUs MJST
NOT be nested; i.e., an FU nust not contain a subset of another FU.

The RTP tinmestanp of an RTP packet carrying an FUis set to the NALU
time of the fragnented NAL unit.
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An FU consists 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 A S S g S S
| Payl oadHdr (Type=49) | FU header | DONL (cond) |
I
| DONL (cond) | |
|-+-+-+-+-+-+-+-+ |
| FU payl oad |
| |
|

|

+-

R et e i S S S R S
:...OPTIONAL RTP paddi ng |
B T T o S T o il s S S S S S i S il i

Figure 9: The Structure of an FU
The fields in the payl oad header are set as follows. The Type field
MUST be equal to 49. The fields F, Layerld, and TID MJST be equal to
the fields F, Layerld, and TID, respectively, of the fragmented NAL
unit.
The FU header consists of an S bit, an E bit, and a 6-bit FuType
field, as shown in Figure 10.

| 0] 1] 2| 3] 4] 5] 6] 7|

B T i S T S

| S|E| FuType

Fi gure 10: The Structure of FU Header

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

S: 1 bit
Wien set to 1, the S bit indicates the start of a fragnented 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
payl oad is not the start of the fragnented NAL unit payload, the S
bit MJUST be set to O.
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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 last byte of

the fragnented NAL unit. When the FU payload is not the |ast
fragment of a fragmented NAL unit, the E bit MJST be set to O.

FuType: 6 bits
The field FuType MJST be equal to the field Type of the fragnmented
NAL unit.

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

I f sprop-max-don-diff is greater than O for any of the RTP streans,
and the S bit is equal to 1, the DONL field MJST be present in the
FU, and the variable DON for the fragnmented NAL unit is derived as
equal to the value of the DONL field. Oherw se (sprop-nax-don-diff
is equal to O for all the RTP streans, or the S bit is equal to 0),
the DONL field MJUST NOT be present in the FU

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

The FU payl oad consists of fragments of the payload of the fragnented
NAL unit so that if the FU payl oads of consecutive FUs, starting with
an FUwith the S bit equal to 1 and ending with an FUwith the E bit
equal to 1, are sequentially concatenated, the payl oad of the
fragmented 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.

If an FUis lost, the receiver SHOULD discard all foll ow ng
fragmentation units in transnission order corresponding to the sane
fragmented NAL unit, unless the decoder in the receiver is known to
be prepared to gracefully handl e inconplete NAL units.

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. In this case, the
forbidden_zero_bit of the NAL unit MJST be set to 1 to indicate a
syntax viol ation.
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4.4,.4, PACI Packets

This section specifies the PACI packet structure. The basic payl oad
header specified in this neno is intentionally limted to the 16 bits
of the NAL unit header so to keep the packetization overhead to a

m ni rum However, cases have been identified where it is advisable
to include control information in an easily accessible position in

t he packet header, despite the additional overhead. One such contro
information is the TSCl as specified in Section 4.5. PAC packets
carry this and future, sinilar structures.

The PACI packet structure is based on a payl oad header extension
mechani smthat is generic and extensible to carry payl oad header
extensions. In this section, the focus lies on the use within this
specification. Section 4.4.4.2 provides guidance for the
specification designers in howto enploy the extension mechanismin
future specifications.

A PACI packet consists of a payl oad header (denoted as Payl oadHdr),
for which the structure follows what is described in Section 4.2.
The payl oad header is followed by the fields A cType, PHSsize,
F[0..2], and Y.

Figure 11 shows a PACI packet in conpliance with this neno, i.e.
wi t hout any extensions.

0 1 2 3
01234567890123456789012345678901
+-+-+-+-+-+- - -+ - -+ -+ - - - - - - - - - - - - -+
| Payl oadHdr ( Type=50) | Al cType | PHSsize | FO..2|Y]
+-+-+-+-+- - - - - - - - - - - - - - - - - e - - - - - -

Payl oad Header Extension Structure (PHES)
=~4=4=+4=4=4=+=4=4+=4+=4=4+=4+=4=4+=4+=4=4=4+=4+=4=4+=4+=4=4+=4+=4=4+=4+=4=4=4=

|

|

PACI payl oad: NAL unit |
Co |
|

B e i o S S S e

:...OPTIONAL RTP paddi ng
B s T s s e T o e S T ks et s oot ST S S S o S S 3

Figure 11: The Structure of a PAC
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The fields in the payl oad header are set as follows. The F bit MJST
be equal to 0. The Type field MIST be equal to 50. The val ue of
Layerld MJUST be a copy of the Layerld field of the PACI payl oad NAL
unit or NAL-unit-like structure. The value of TID MIST be a copy of
the TID field of the PACI payload NAL unit or NAL-unit-Ilike
structure.

The senmantics of other fields are as follows:

A 1 bit
Copy of the F bit of the PACI payload NAL unit or NAL-unit-Iike
structure.

cType: 6 bits
Copy of the Type field of the PACI payload NAL unit or NAL-unit-
like structure.

PHSsi ze: 5 bits
I ndicates the length of the PHES field. The value is linmted to
be Il ess than or equal to 32 octets, to sinplify encoder design for
MIU si ze mat chi ng.

FO:
This field equal to 1 specifies the presence of a tenpora
scal ability support extension in the PHES.

F1, F2:
MUST be 0, available for future extensions, see Section 4.4.4.2.
Receivers conpliant with this version of the HEVC payl oad for nmat
MUST i gnore F1=1 and/or F2=1, and al so ignore any information in
the PHES indicated as present by F1=1 and/or F2=1

Informative note: The receiver can do that by first decodi ng
i nformati on associated with FO=1, and then skipping over any
remai ni ng bytes of the PHES based on the val ue of PHSsi ze.

Y: 1 bit
MJUST be 0, available for future extensions, see Section 4.4.4.2.
Receivers conpliant with this version of the HEVC payl oad for nat
MUST ignore Y=1, and al so ignore any information in the PHES
i ndi cated as present by Y.

PHES: vari abl e nunber of octets
A variabl e nunber of octets as indicated by the value of PHSsize.

PACI Payl oad:

The single NAL unit packet or NAL-unit-like structure (such as: FU
or AP) to be carried, not including the first two octets.
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Informative note: The first two octets of the NAL unit or NAL-
unit-like structure carried in the PACI payl oad are not
included in the PACI payload. Rather, the respective val ues
are copied in |locations of the Payl oadHdr of the RTP packet.
This design offers two advantages: first, the overall structure
of the payl oad header is preserved, i.e., there is no specia
case of payl oad header structure that needs to be inpl enented
for PACI. Second, no additional overhead is introduced.

A PACI payl oad MAY be a single NAL unit, an FU, or an AP. PACs
MUST NOT be fragnented or aggregated. The follow ng subsection
docunents the reasons for these design choices

4.4.4.1. Reasons for the PACI Rules (Informative)

A PACI cannot be fragnmented. |If a PACI could be fragnented, and a
fragment other than the first fragment got |ost, access to the
information in the PACl would not be possible. Therefore, a PAC
must not be fragnmented. In other words, an FU nust not carry
(fragnents of) a PAC.

A PACI cannot be aggregated. Aggregation of PACIs is inadvisable
froma conpression viewpoint, as, in many cases, several to be
aggregated NAL units would share identical PACI fields and val ues

whi ch woul d be carried redundantly for no reason. Most, if not all
of the practical effects of PACI aggregation can be achi eved by
aggregating NAL units and bundling themwi th a PACI (see bel ow).
Therefore, a PACI nmust not be aggregated. |In other words, an AP nust
not contain a PAC

The payl oad of a PACI can be a fragnment. Both m ddl eboxes and
sending systems with inflexible (often hardware-based) encoders
occasionally find thenselves in situations where a PACI and its
headers, conbined, are larger than the MIU size. 1In such a scenario,
the m ddl ebox or sender can fragnent the NAL unit and encapsul ate the
fragment in a PACI. Doing so preserves the payl oad header extension
information for all fragnents, allow ng downstream m ddl eboxes and
the receiver to take advantage of that information. Therefore, a
sender may place a fragnent into a PACI, and a receiver nust be able
to handl e such a PACI.

The payl oad of a PACI can be an aggregation NAL unit. HEVC
bitstreans can contain unevenly sized and/or snall (when conpared to
the MIU size) NAL units. |In order to efficiently packetize such
smal | NAL units, APs were introduced. The benefits of APs are

i ndependent fromthe need for a payl oad header extension. Therefore,
a sender may place an AP into a PACI, and a receiver nust be able to
handl e such a PAC
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4.4.4.2. PACI Extensions (Infornmative)

This section includes recomendations for future specification
designers on how to extent the PACI syntax to accomodate future
extensions. Obviously, designers are free to specify whatever
appears to be appropriate to themat the tine of their design
However, a |l ot of thought has been invested into the extension
mechani sm descri bed bel ow, and we suggest that deviations fromit
warrant a good expl anation

This meno defines only a single payl oad header extension (TSCl
described in Section 4.5); therefore, only the FO bit carries
semantics. F1 and F2 are already named (and not just narked as
reserved, as a typical video spec designer would do). They are
intended to signal two additional extensions. The Y bit allows one
to, recursively, add further F and Y bits to extend the mechani sm
beyond three possi bl e payl oad header extensions. It is suggested to
define a new packet type (using a different value for Type) when
assigning the F1, F2, or Y bits different semantics than what is
suggest ed bel ow.

When a Y bit is set, an 8-bit flag-extension is inserted after the Y
bit. A flag-extension consists of 7 flags F[n..n+6], and another Y
bit.

The basi ¢ PACI header already includes FO, F1, and F2. Therefore,
the Fx bits in the first flag-extensions are nunbered F3, F4, ...,
F9; the F bits in the second fl ag-extension are nunbered F10, F11

., F16, and so forth. As a result, at |least three Fx bits are
al ways in the PACI, but the nunber of Fx bits (and associated types
of extensions) can be increased by setting the next Y bit and addi ng
an octet of flag-extensions, carrying seven flags and another Y bit.
The size of this list of flags is subject to the lints specified in
Section 4.4.4 (32 octets for all flag-extensions and the PHES
i nformati on conbi ned).

Each of the F bits can indicate either the presence or the absence of
certain information in the Payl oad Header Extension Structure (PHES)

When a spec devel oper devises a new syntax that takes advantage of
the PACI extension nechani sm he/she nust follow the constraints
listed bel ow, otherw se, the extension nechani sm may break
1) The fields added for a particular Fx bit MJST be fixed in
I engt h and not depend on what other Fx bits are set (no parsing
dependency) .

2) The Fx bits nust be assigned in order
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3) An inplenentation that supports the n-th Fn bit for any val ue

of n nmust understand the syntax (though not necessarily the
semantics) of the fields Fk (with k < n),

ei ther use those bits when present,
over them

or at

Tenporal Scal ability Control Information

so as to be able to
| east be able to skip

This section describes the single payl oad header extension defined in
this specification, known as TSClI. |If, in the future, additiona

payl oad header extensions becone necessary,

they could be specified

in this section of an updated version of this docunment, or in their
own documents.

Wien FO is set to 1 in a PAC
i ncl udes the TSCl fields TLOPI Cl DX,

0
0
+
I
+-
I
| -
I
I
I
I
I
+

1 2 3
1234567890123456789012345678901
B i i T e e S b ot oI T S R S S e O S i i S R S e e e

Payl oadHdr (Type=50) | Al cType | PHSsize | FO..2|Y
B R o i i i i o i e S S T T i i sk s S S S S S S
TLOPICIDX | IrapPiclD | S| E| RES |
B e i S O it i EE T SR S R S S e

PACI payload;.NAL uni t

this specifies that the PHES field
IrapPiclD, S, and E as foll ows:

B i i S S S Tk i o
. OPTI ONAL RTP paddi ng |

T e s e S i i S R e e s

Figure 12: The Structure of a PACI with a PHES Containing a TSCl

TLOPICIDX (8 bits)
the TLOPICIDX field MJST be set to equal to
tenporal _sub |l ayer zero idx as specified in Section D. 3.22 of
[HEVC] for the access unit containing the NAL unit in the PAC.

When present,

IrapPiclD (8 bits)
the IrapPiclD field MIST be set to equal to
irap_pic_id as specified in Section D.3.22 of [HEVC] for the
access unit containing the NAL unit in the PAC
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S (1 bit)
The S bit MJST be set to 1 if any of the following conditions is
true and MJUST be set to O otherw se:

o The NAL unit in the payload of the PACI is the first VCL NAL
unit, in decoding order, of a picture.

o0 The NAL unit in the payload of the PACI 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

0 The NAL unit in the payload of the PACI is an FUwth its S bit
equal to 1 and the FU payload containing a fragnent of the
first VCL NAL unit, in decoding order, of a picture.

E (1 bit)
The E bit MJIST be set to 1 if any of the following conditions is
true and MIUST be set to O otherw se:

0 The NAL unit in the payload of the PACI is the last VCL NAL
unit, in decoding order, of a picture.

o The NAL unit in the payload of the PACI is an AP and the NAL
unit in the last contained aggregation unit is the last VCL NAL
unit, in decoding order, of a picture.

0 The NAL unit in the payload of the PACI is an FUw th its E bit
equal to 1 and the FU payload containing a fragnment of the I ast
VCL NAL unit, in decoding order, of a picture

RES (6 bits)
MUST be equal to 0. Reserved for future extensions.

The val ue of PHSsize MUST be set to 3. Receivers MJST all ow ot her
val ues of the fields FO, F1, F2, Y, and PHSsize, and MJST ignore any
additional fields, when present, than specified above in the PHES.

4.6. Decoding Oder Number

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

Let NAL unit n be the n-th NAL unit in transmni ssion order within an
RTP stream
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I f sprop-nmax-don-diff is equal to O for all the RTP streans carrying
the HEVC bitstream AbsDon[n], the value of AbsDon for NAL unit n, is
derived as equal to n.

O herw se (sprop-nmax-don-diff is greater than O for any of the RTP
streans), AbsDon[n] is derived as follows, where DON[n] is the val ue
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[0] is set equal to DON 0].

0 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 (DONNn] > DON[n-1] and DON[n] - DON[n-1] < 32768),
AbsDon[ n] = AbsDon[n-1] + DON[n] - DON n-1]

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

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

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

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

0 AbsDon[n] greater than AbsDon[n] indicates that NAL unit n foll ows
NAL unit min NAL unit decodi ng order.

o Wen AbsDon[n] is equal to AbsDon[nj, the NAL unit decoding order
of the two NAL units can be in either order.

0 AbsDon[n] less than AbsDon[n] indicates that NAL unit n precedes
NAL unit min decodi ng order.

Informative note: Wien two consecutive NAL units in the NAL
unit decodi ng order have different values of AbsDon, the
absol ute difference between the two AbsDon val ues may be
greater than or equal to 1.
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Informative 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 increnent by one is not required, as at the time of
associ ating 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
exanpl e, a gateway may not forward VCL NAL units of higher sub-
| ayers or sonme SEI NAL units when there is congestion in the
network. I n another exanple, the first intra-coded picture of
a pre-encoded clip is transnmtted in advance to ensure that it
is readily available in the receiver, and when transnmitting the
first intra-coded picture, the originator does not exactly know
how many NAL units will be encoded before the first intra-coded
picture of the pre-encoded clip follows in decoding order

Thus, the values of AbsDon for the NAL units of the first

i ntra-coded picture of the pre-encoded clip have to be
estimated when they are transmtted, and gaps in val ues of
AbsDon nmay occur. Another exanple is MRST or MRMI with sprop-
max- don-di ff greater than 0, where the AbsDon val ues nust

i ndi cate cross-|ayer decoding order for NAL units conveyed in
all the RTP streans.

5. Packeti zati on Rul es

The foll owi ng packetization rules apply:

(o]

Wang,

I f sprop-max-don-diff is greater than O for any of the RTP
streams, the transm ssion order of NAL units carried in the RTP
stream MAY be different than the NAL unit decodi ng order and the
NAL unit output order. Oherw se (sprop-max-don-diff is equal to
0 for all the RTP streanms), the transm ssion order of NAL units
carried in the RTP stream MJST be the same as the NAL unit
decodi ng order and, when tx-node is equal to "MRST" or "NMRMI,
MUST al so be the same as the NAL unit output order.

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

Each non-VCL NAL unit SHOULD, when possible froman MIU size nmatch
vi ewpoi nt, be encapsulated 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 without the associated VCL NAL unit being
avai |l abl e.
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6.

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

De- packeti zati on Process

The general concept behind de-packetization is to get the NAL units
out of the RTP packets in an RTP stream and all RTP streans the RTP
stream depends on, if any, and pass themto the decoder in the NAL
unit decodi ng order

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

al gorithns are possible.

Al'l nornmal RTP nechanisns related to buffer managenent 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
nmust be factored in.

NAL units with NAL unit type values in the range of 0 to 47,

i nclusive, may be passed to the decoder. NAL-unit-Iike structures
with NAL unit type values in the range of 48 to 63, inclusive, MJST
NOT be passed to the decoder

The receiver includes a receiver buffer, which is used to conpensate
for transmission delay jitter within individual RTP streans and
across RTP streans, to reorder NAL units fromtransni ssion order to
the NAL unit decoding order, and to recover the NAL unit decoding
order in MRST or MRMI, when applicable. 1In this section, the

recei ver operation is described under the assunption that there is no
transmi ssion delay jitter within an RTP stream and across RTP
streams. To make a difference froma practical receiver buffer that
is also used for conpensation of transmission delay jitter, the
receiver buffer is hereafter called the de-packetization buffer in
this section. Receivers should also prepare for transm ssion del ay
jitter; that is, either reserve separate buffers for transm ssion
delay jitter buffering and de-packetization buffering or use a

recei ver buffer for both transmi ssion delay jitter and de-
packetization. Mreover, receivers should take transm ssion del ay
jitter into account in the buffering operation, e.g., by additiona
initial buffering before starting of decodi ng and pl ayback
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When sprop-nmax-don-diff is equal to O for all the received RTP
streanms, the de-packetization buffer size is zero bytes, and the
process described in the renainder of this paragraph applies. When
there is only one RTP streamreceived, the NAL units carried in the
single RTP streamare directly passed to the decoder in their

transm ssion order, which is identical to their decoding order. When
there is nore than one RTP streamreceived, the NAL units carried in
the multiple RTP streans are passed to the decoder in their NTP
timestanp order. \When there are several NAL units of different RTP
streams with the same NTP timestanp, the order to pass themto the
decoder is their dependency order, where NAL units of a dependee RTP
stream are passed to the decoder prior to the NAL units of the
dependent RTP stream Wen there are several NAL units of the same
RTP streamwith the same NTP tinestanp, the order to pass themto the
decoder is their transm ssion order.

Informative note: The mapping between RTP and NTP tinestanps is
conveyed in RTCP SR packets. In addition, the nechanisns for
faster nedia tinmestanp synchronization discussed in [ RFC6051] nay
be used to speed up the acquisition of the RTP-to-wall-clock

mappi ng.

When sprop-nax-don-diff is greater than O for any the received RTP
streans, the process described in the remainder of this section
appl i es.

There are two buffering states in the receiver: initial buffering and
buffering while playing. Initial buffering starts when the reception
is initialized. 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 value of AbsDon is cal cul ated and stored
for each NAL unit. Wien MRST or MRMI is in use, NAL units of all RTP
streans of a bitstreamare stored in the sane de-packetization
buffer. When NAL units carried in any two RTP streans are avail able
to be placed into the de-packetization buffer, those NAL units
carried in the RTP streamthat is |lower in the dependency tree are

pl aced into the buffer first. For exanple, if RTP stream A depends
on RTP stream B, then NAL units carried in RTP stream B are pl aced
into the buffer first.
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Initial buffering lasts until condition A (the difference between the
greatest and snall est AbsDon val ues of the NAL units in the de-
packetization buffer is greater than or equal to the value of sprop-
max- don-di ff of the highest RTP stream) or condition B (the nunber of
NAL units in the de-packetization buffer is greater than the val ue of
spr op- depack-buf-nalus) is true

After initial buffering, whenever condition A or condition Bis true,
the following operation is repeatedly applied until both condition A
and condition B becone fal se:

0 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 t he 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 paraneters that MAY be used to sel ect
optional features of the payload format and certain features or
properties of the bitstreamor the RTP stream The paraneters are
specified here as part of the nedia type registration for the HEVC
codec. A mapping of the paraneters into the Session Description
Protocol (SDP) [RFC4566] is also provided for applications that use
SDP. Equival ent paraneters could be defined el sewhere for use with
control protocols that do not use SDP

7.1. Media Type Registration
The medi a subtype for the HEVC codec is allocated fromthe | ETF tree.
The recei ver MJST ignore any unrecogni zed paraneter.
Type nane: vi deo
Subt ype name: H265
Requi red paraneters: none
OPTI ONAL par anet ers:

profil e-space, tier-flag, profile-id, profile-conpatibility-
i ndi cator, interop-constraints, and |evel-id:
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These paraneters indicate the profile, tier, default level, and
sone constraints of the bitstreamcarried by the RTP stream and
all RTP streans the RTP stream depends on, or a specific set of
the profile, tier, default level, and sone constraints the
recei ver supports.

The profile and sone constraints are indicated collectively by
profile-space, profile-id, profile-conpatibility-indicator, and
i nterop-constraints. The profile specifies the subset of
coding tools that may have been used to generate the bitstream
or that the receiver supports.

Informative note: There are 32 values of profile-id, and
there are 32 flags in profile-conpatibility-indicator, each
flag corresponding to one value of profile-id. According to
HEVC version 1 in [HEVC], when nore than one of the 32 flags
is set for a bitstream the bitstreamwould conply with al
the profiles corresponding to the set flags. However, in a
draft of HEVC version 2 in [ HEVCv2], Subclause A 3.5, 19

For mat Range Extensions profiles have been specified, all
using the sane value of profile-id (4), differentiated by
some of the 48 bits in interop-constraints; this (rather
unexpected way of profile signaling) means that one of the
32 flags may correspond to nultiple profiles. To be able to
support whatever HEVC extension profile that m ght be
specified and indicated using profil e-space, profile-id,
profile-conpatibility-indicator, and interop-constraints in
the future, it would be safe to require symretric use of
these paraneters in SDP offer/answer unless recv-sub-Iayer-
idis included in the SDP answer for choosing one of the
sub- | ayers of fered.

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

conbi nati ons of values of syntax elenents that are followed
when generating the bitstreamor that the receiver supports

A set of profile-space, tier-flag, profile-id, profile-
conmpatibility-indicator, interop-constraints, and level-id
paraneters ptlAis said to be consistent with another set of
these paraneters ptIB if any decoder that conforns to the
profile, tier, level, and constraints indicated by ptlB can
decode any bitstreamthat conforns to the profile, tier, |evel
and constraints indicated by ptlA
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In SDP of fer/answer, when the SDP answer does not include the
recv-sub-layer-id paranmeter that is | ess than the sprop-sub-
| ayer-id paranmeter in the SDP offer, the follow ng applies:

o The profile-space, tier-flag, profile-id, profile-
conpatibility-indicator, and interop-constraints
paraneters MJST be used symmetrically, i.e., the val ue of
each of these paraneters in the offer MUST be the sanme as
that in the answer, either explicitly signaled or
implicitly inferred.

o0 The level-id paraneter is changeable as long as the
hi ghest | evel indicated by the answer is either equal to
or lower than that in the offer. Note that the highest
level is indicated by level-id and nax-recv-level-id
t oget her.

In SDP of fer/answer, when the SDP answer does include the recv-
sub-l ayer-id paraneter that is |less than the sprop-sub-layer-id
paraneter in the SDP offer, the set of profile-space, tier-
flag, profile-id, profile-conpatibility-indicator, interop-
constraints, and level-id paraneters included in the answer
MUST be consistent with that for the chosen sub-1ayer
representation as indicated in the SDP offer, with the
exception that the level-id paranmeter in the SDP answer is
changeabl e as | ong as the highest level indicated by the answer
is either lower than or equal to that in the offer

More specifications of these paraneters, including how they
relate to the values of the profile, tier, and | evel syntax
el ements specified in [HEVC] are provi ded bel ow

profile-space, profile-id:

Wang, et

The val ue of profile-space MIST be in the range of 0 to 3,
inclusive. The value of profile-id MIUST be in the range of 0
to 31, inclusive.

When profile-space is not present, a value of 0 MJST be
inferred. Wen profile-id is not present, a value of 1 (i.e.
the Main profile) MIST be inferred.

When used to indicate properties of a bitstream profile-space
and profile-id are derived fromthe profile, tier, and |evel
syntax elements in SPS or VPS NAL units as follows, where
general profile_space, general profile_idc,

sub_l ayer _profil e_space[j], and sub_layer_profile_idc[j] are
specified in [HEVC:
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If the RTP streamis the highest RTP stream the follow ng
appl i es:

o profile-space = general _profil e_space
o profile-id = general _profile_idc

O herwi se (the RTP streamis a dependee RTP strean), the
followi ng applies, with j being the value of the sprop-sub-
| ayer-id paraneter:

o profile-space = sub | ayer_profil e_space[]j]
o profile-id = sub_layer _profile_idc[j]

tier-flag, level-id:

Wang, et

The value of tier-flag MIUST 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 level-id paraneters are used to indicate
properties of a bitstream they indicate the tier and the
hi ghest | evel the bitstream conplies wth.

If the tier-flag and level-id paraneters are used for
capability exchange, the following applies. |[|f nmax-recv-Ievel-
idis not present, the default |evel defined by level-id

i ndi cates the highest level 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 I ower than the highest |evel supported MJST
al so be supported.

If notier-flag is present, a value of 0 MJST be inferred; if
no level-id is present, a value of 93 (i.e., level 3.1) MIST be
i nferred.

When used to indicate properties of a bitstream the tier-flag
and level-id paranmeters are derived fromthe profile, tier, and
| evel syntax elenments in SPS or VPS NAL units as follows, where
general tier_flag, general |evel idc, sub_layer_tier_flag[j],
and sub_layer level _idc[j] are specified in [HEV(]:

If the RTP streamis the highest RTP stream the follow ng
appl i es:

otier-flag = general _tier_flag
o level-id = general _|evel _idc
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O herwi se (the RTP streamis a dependee RTP strean), the
followi ng applies, with j being the value of the sprop-sub-
| ayer-id paraneter:

otier-flag = sub_layer _tier_flag[j]
o level-id = sub_|ayer level idc[j]

i nterop-constraints:

Wang, et

A basel6 [ RFC4648] (hexadecinmal) representation of six bytes of
data, consisting of progressive_source_flag,
interlaced_source flag, non_packed constraint flag,

frane_only constraint_flag, and reserved_zero_44bits.

If the interop-constraints paraneter is not present, the
foll owi ng MUST be inferred:

0 progressive source flag = 1
o interlaced_source flag = 0
0 non_packed constraint_flag
o frame_only_constraint_flag
0 reserved _zero _44bits = 0

I
[

When the interop-constraints paraneter is used to indicate
properties of a bitstream the follow ng applies, where
general progressive _source_flag,

general _interlaced_source_fl ag,

general _non_packed_constraint_fl ag,

gener al _non_packed_constraint_fl ag,

general frame_only constraint_fl ag,

general reserved _zero_44bits,

sub_| ayer progressive _source flag[j],

sub_l ayer _interlaced_source_flag[j],

sub_l ayer _non_packed_constraint _flag[j],

sub_l ayer _frame_only_constraint_flag[j], and

sub | ayer _reserved zero_44bits[j] are specified in [ HEVC]:

If the RTP streamis the highest RTP stream the follow ng
appl i es:

0 progressive_source_flag = general _progressive_source_fl ag
o interlaced source flag = general _interlaced _source _flag

0 non_packed_constraint_flag =
general _non_packed_constraint_fl ag
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o frame_only constraint _flag =
general _frame_only_constraint_fl ag
0 reserved_zero_44bits = general _reserved_zero_44bits
O herwi se (the RTP streamis a dependee RTP strean), the
followi ng applies, with j being the value of the sprop-sub-

| ayer-id paraneter:

0 progressive_source_flag =
sub_| ayer _progressive_source_flag[]j]

o interlaced source flag =
sub_layer _interlaced source flag[j]

0 non_packed_constraint_flag =
sub_| ayer _non_packed_constraint _flag[j]

o frame_only constraint _flag =
sub_layer frame_only constraint _flag[j]

0 reserved_zero_44bits = sub_l ayer_reserved_zero_44bits[j]
Using interop-constraints for capability exchange results in

a requirenent on any bitstreamto be conpliant with the
i nterop-constraints.

profile-conpatibility-indicator:

A basel6 [ RFC4648] representation of four bytes of data.

When profile-conpatibility-indicator is used to indicate
properties of a bitstream the follow ng applies, where
general _profile_conpatibility flag[j] and

sub_l ayer _profile_conpatibility flag[i][j] are specified in
[ HEVC] :

et al.

The profile-conpatibility-indicator in this case indicates
additional profiles to the profile defined by profile-space,
profile-id, and interop-constraints the bitstream conforns
to. A decoder that confornms to any of all the profiles the
bi tstream conforns to woul d be capabl e of decodi ng the
bitstream These additional profiles are defined by

profil e-space, each set bit of profile-conpatibility-

i ndi cator, and interop-constraints.
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If the RTP streamis the highest RTP stream the follow ng
applies for each value of j in the range of 0 to 31,
i ncl usi ve:

o bit j of profile-conpatibility-indicator =
general _profile_conpatibility flag[j]

O herwi se (the RTP streamis a dependee RTP stream), the
followi ng applies for i equal to sprop-sub-layer-id and for
each value of j in the range of 0 to 31, inclusive:

o bit j of profile-conpatibility-indicator =
sub_layer profile conmpatibility flag[i][j]

Using profile-conpatibility-indicator for capability exchange
results in a requirenent on any bitstreamto be conpliant with
the profile-conpatibility-indicator. This is intended to
handl e cases where any future HEVC profile is defined as an
intersection of two or nore profiles.

If this parameter is not present, this paranmeter defaults to
the following: bit j, with j equal to profile-id, of profile-
compatibility-indicator is inferred to be equal to 1, and all
other bits are inferred to be equal to O.

sprop-sub-1layer-id:

Thi s paraneter 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 MJST be in the range of 0 to 6,
i ncl usi ve.

recv-sub-1layer-id:

Wang, et

This paranmeter MAY be used to signal a receiver’'s choice of the
of fered or declared sub-layer representations in the sprop-vps.
The val ue of recv-sub-layer-id indicates the TID of the highest
sub-l ayer of the bitstreamthat a receiver supports. Wen not

present, the value of recv-sub-layer-id is inferred to be equa
to the value of the sprop-sub-layer-id paraneter in the SDP

of fer.

The val ue of recv-sub-layer-id MJST be in the range of 0 to 6,
i ncl usi ve.
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max-recv-| evel -i d:

t x-

spr

Thi s paraneter MAY be used to indicate the highest level a
recei ver supports. The highest |level the receiver supports is
equal to the value of nax-recv-level-id divided by 30.

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

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

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

node:

This paraneter indicates whether the transm ssion node is SRST
VRST, or MRMI

The val ue of tx-node MJUST be equal to "SRST", "NMRST" or "MRMI"
When not present, the value of tx-node is inferred to be equa
to "SRST".

If the value is equal to "MRST", MRST MJST be in use

O herwise, if the value is equal to "MRMI™, MRMI MUST be in
use. Oherwise (the value is equal to "SRST"), SRST MJST be in
use.

The val ue of tx-node MJUST be equal to "MRST" for all RTP
streams in an MRST.

The val ue of tx-node MJUST be equal to "MRMI" for all RTP
streans in an MRMI

op- vVps:

Thi s paraneter MAY be used to convey any vi deo paraneter set
NAL unit of the bitstreamfor out-of-band transmi ssion of video
paraneter sets. The paraneter MAY al so be used for capability
exchange and to indicate sub-streamcharacteristics (i.e.
properties of sub-layer representations as defined in [ HEVC]).
The val ue of the paraneter is a comua-separated (',’) list of
base64 [ RFC4648] representations of the video paraneter set NAL
units as specified in Section 7.3.2.1 of [HEVC].
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The sprop-vps paranmeter MAY contain one or nore than one video
paraneter set NAL unit. However, all other video paranmeter sets
contained in the sprop-vps paranmeter MJST be consistent with
the first video paraneter set in the sprop-vps paranmeter. A

vi deo paraneter set vpsB is said to be consistent wi th another
vi deo 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 enment general profil e _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 ement general profile_space to the syntax el enent
general _level _idc, inclusive, in the first profile_tier_level(
) syntax structure in vpsB

sprop- sps

This paranmeter MAY be used to convey sequence paraneter set NAL
units of the bitstream for out-of-band transni ssion of sequence
paraneter sets. The value of the paraneter is a coma-
separated (’,’) list of base64 [RFC4648] representations of the
sequence paraneter set NAL units as specified in Section
7.3.2.2 of [HEVC.

Sprop- pps:

Thi s paranmeter MAY be used to convey picture paraneter set NAL
units of the bitstream for out-of-band transn ssion of picture
paraneter sets. The value of the paraneter is a coma-
separated (',’) list of base64 [RFC4648] representations of the
picture paraneter set NAL units as specified in Section 7.3.2.3
of [HEVC].

Sprop- sei

Wang, et

This paranmeter MAY be used to convey one or nore SEI nessages
that describe bitstreamcharacteristics. 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 SE
messages as specified in [ HEVC]

The val ue of the paraneter is a comua-separated (',’) list of

base64 [ RFC4648] representations of SEI NAL units as specified
in Section 7.3.2.4 of [HEVC].
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Informative note: Intentionally, no list of applicable or

i nappl i cabl e SEI nessages is specified here. Conveying
certain SEI nessages in sprop-sei may be sensible in sone
application scenari os and neani ngless in others. However, a
few exanpl es are descri bed bel ow

1) In an environnment where the bitstreamwas created from
filmbased source material, and no splicing is going
to occur during the lifetime of the session, the film
grain characteristics SEl nmessage or the tone napping
i nformati on SEI message are |ikely neaningful, and
sending themin sprop-sei rather than in the bitstream
at each entry point nmay help with saving bits and
all ows one to configure the renderer only once,
avoi di ng unwanted artifacts.

2) The structure of pictures information SEI nessage in
sprop-sei can be used to informa decoder of
informati on on the NAL unit types, picture-order count
val ues, and prediction dependenci es of a sequence of
pi ctures. Having such know edge can be hel pful for
error recovery.

3) Exanples for SEI nessages that woul d be neaningless to
be conveyed in sprop-sei include the decoded picture
hash SEI nmessage (it is close to inpossible that al
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
payl oad SElI nessage (as there is no point in just
having nore bits in SDP).

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

Wang, et

These paraneters MAY be used to signal the capabilities of a
recei ver inplenmentation. These paraneters MJST NOT be used for
any other purpose. The highest |evel (specified by max-recv-

| evel -id) MJST be the highest that the receiver is fully
capabl e of supporting. max-Isr, max-lps, max-cpb, nmax-dpb

max- br, max-tr, and max-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-Ips,
max- cpb, max-dpb, max-br, max-tr, max-tc) is present, the

recei ver MJST support all signaled capabilities simnultaneously.
For exanple, if both nmax-1sr and max-br are present, the
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hi ghest | evel 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-I|sr
(inclusive), the bitrate is up to max-br (inclusive), the coded
picture buffer size is derived as specified in the semantics of
the max-br paraneter below, and the other properties conply
with the highest |evel specified by max-recv-1|evel -id.

Informative note: Wien the OPTI ONAL nedia type paraneters
are used to signal the properties of a bitstream and nax-
I sr, max-|ps, max-cpb, max-dpb, max-br, max-tr, and max-tc
are not present, the values of profile-space, tier-flag,
profile-id, profile-conpatibility-indicator, interop-
constraints, and level-id nust always be such that the
bitstreamconplies fully with the specified profile, tier
and | evel .

max- | sr:

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

When max-Isr is signaled, the receiver MJST be able to decode
bitstreans that conformto the highest level, with the
exception that the MaxLumaSR value in Table A-2 of [HEVC] for
the highest level is replaced with the value 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

Wien not present, the value of max-Isr is inferred to be equa
to the value of MaxLumaSR given in Table A-2 of [HEVC] for the
hi ghest | evel

The val ue of max-Isr MJST be in the range of MaxLunaSR to 16 *
MaxLumaSR, inclusive, where MaxLumaSR is given in Table A-2 of
[HEVC] for the highest |evel

max- | ps:

Wang, et

The val ue of max-Ips is an integer indicating the nmaxinum
picture size in units of luma sanples. The nax-1ps paraneter
signals that the receiver is capable of decoding |arger picture
sizes than are required by the highest level. Wen max-lps is
signal ed, the receiver MJST be able to decode bitstreans that
conformto the highest level, with the exception that the
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MaxLumaPS value in Table A-1 of [HEVC] for the highest level is
replaced with the value of nmax-lps. Senders MAY use this

know edge to send |larger pictures at a proportionally |ower
picture rate than is indicated in the highest |evel

When not present, the value of max-Ips is inferred to be equa
to the value of MaxLumaPS given in Table A-1 of [HEVC] for the
hi ghest | evel

The val ue of max-Ips MIJST be in the range of MaxLumaPS to 16 *
MaxLumaPS, inclusive, where MaxLumaPS is given in Table A-1 of
[HEVC] for the highest |evel

max- cpb

Wang, et

The val ue of max-cpb is an integer indicating the naxi num coded
picture buffer size in units of CpbBrVcl Factor bits for the VCL
HRD paraneters and in units of CpbBrNal Factor bits for the NAL
HRD par aneters, where CpbBrVcl Fact or and CpbBr Nal Factor are
defined in Section A 4 of [HEVC]. The nax-cpb paraneter
signals that the receiver has nore nenory than the nininum
anount of coded picture 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 value in Table A-1 of [HEVC] for the
hi ghest level is replaced with the value of max-cpb. Senders
MAY use this knowl edge to construct coded bitstreans with
greater variation of bitrate than can be achieved with the
MaxCPB value in Table A-1 of [HEVC].

When not present, the value of max-cpb is inferred to be equa
to the value of MaxCPB given in Table A-1 of [HEVC] for the
hi ghest | evel

The val ue of max-cpb MJUST be in the range of MaxCPB to 16 *
MaxCPB, i nclusive, where MaxLunmaCPB is given in Table A-1 of
[HEVC] for the highest |evel

Informative note: The coded picture buffer is used in the
hypot heti cal reference decoder (Annex C of [HEVC]). The use
of the hypothetical reference decoder is recomended in HEVC
encoders to verify that the produced bitstreamconforns to
the standard and to control the output bitrate. Thus, the
coded picture buffer is conceptually independent of any

ot her potential buffers in the receiver, including de-
packetization and de-jitter buffers. The coded picture
buffer need not be inplemented in decoders as specified in
Annex C of [HEVC], but rather standard-conpliant decoders
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can have any buffering arrangenents provided that they can
decode standard-conpliant bitstreans. Thus, in practice,
the input buffer for a video decoder can be integrated with
de- packeti zation and de-jitter buffers of the receiver.

max- dpb:

Wang, et

The val ue of nmax-dpb is an integer indicating the nmaxi num
decoded picture buffer size in units decoded pictures at the
MaxLumaPS for the highest level, i.e., the nunber of decoded
pictures at the maxi num picture size defined by the highest

| evel . The val ue of max-dpb MJST be in the range of 1 to 16,
respectively. The nmax-dpb paraneter signals that the receiver
has nore menory than the m ni mrum amount of decoded picture
buffer nenmory required by default, which is MaxDpbPi cBuf as
defined in [HEVC] (equal to 6). Wen max-dpb is signaled, the
recei ver MIST be able to decode bitstreans that conformto the
hi ghest level, with the exception that the MaxDpbPi cBuff val ue
defined in [HEVC] as 6 is replaced with the val ue of nax-dpb.
Consequently, a receiver that signals nax-dpb MJUST be capabl e
of storing the foll owi ng nunber of decoded pictures

(MaxDpbSi ze) in its decoded picture buffer:

i f( PicSizelnSanplesY <= ( MaxLumaPS >> 2 ) )
MaxDpbSize = M n( 4 * max-dpb, 16 )

else if ( PicSizelnSanplesY <= ( MaxLumaPS >> 1) )
MaxDpbSize = M n( 2 * max-dpb, 16 )

else if ( PicSizelnSanmplesY <= ( ( 3 * MaxLumaPS ) >> 2

) )
MaxDpbSize = Mn( (4 * max-dpb) / 3, 16 )
el se
MaxDpbSi ze

max- dpb

Wherei n MaxLumaPS given in Table A-1 of [HEVC] for the highest
| evel and PicSizel nSanpl esY is the current size of each decoded
picture in units of luma sanples as defined in [HEV(C.

The val ue of max-dpb MJUST be greater than or equal to the val ue
of MaxDpbPi cBuf (i.e., 6) as defined in [HEVC]. Senders MAY
use this know edge to construct coded bitstreans with inproved
conpr essi on.

When not present, the value of max-dpb is inferred to be equal
to the val ue of MaxDpbPi cBuf (i.e., 6) as defined in [ HEVC.

Informative note: This paranmeter was added primarily to

conmpl enent a simlar codepoint in the | TU-T Reconmendati on
H. 245, so as to facilitate signaling gateway designs. The
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decoded picture buffer stores reconstructed sanples. There
is no relationship between the size of the decoded picture
buffer and the buffers used in RTP, especially de-
packetization and de-jitter buffers.

max- br:

Wang, et

The val ue of nmax-br is an integer indicating the naxi num vi deo
bitrate in units of CpbBrVcl Factor bits per second for the VCL
HRD paraneters and in units of CpbBrNal Factor bits per second
for the NAL HRD paraneters, where CpbBrVcl Factor and
CpbBr Nal Factor are defined in Section A 4 of [HEVC

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 follow ng exceptions in the linmts specified by the
hi ghest | evel

o The value of max-br replaces the MaxBR value in Table A-2
of [HEVC] for the highest |evel

0 Wien the nax-cpb paranmeter is not present, the result of
the following formula replaces the value of MaxCPB in
Table A-1 of [HEV(:

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

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

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

When not present, the value of max-br is inferred to be equa

to the value of MaxBR given in Table A-2 of [HEVC] for the
hi ghest | evel
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The val ue of max-br MJST be in the range of MaxBR to 16 *
MaxBR, inclusive, where MaxBR is given in Table A-2 of [HEVC
for the highest |evel

Informative note: This parameter was added primarily to
conplenent a simlar codepoint in the | TU-T Recommendati 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 nmade fromthe val ue of
this paranmeter. |In particular, no conclusion can be drawn
that the signaled bitrate is possible under congestion
control constraints.

max-tr:

The value of max-tr is an integer indication the maxi num nunber
of tile rows. The max-tr paraneter signals that the receiver

i s capabl e of decoding video with a |arger nunber of tile rows
than the value all owed by the highest |evel

Wien max-tr is signaled, the receiver MIUST be able to decode
bitstreams that conformto the highest level, with the
exception that the MaxTil eRows value in Table A-1 of [HEVC] for
the highest level is replaced with the value of max-tr.

Senders MAY use this know edge to send pictures utilizing a
I arger nunber of tile rows than the value allowed by the
hi ghest | evel

When not present, the value of max-tr is inferred to be equa
to the value of MaxTileRows given in Table A-1 of [HEVC] for
t he hi ghest | evel

The val ue of max-tr MJST be in the range of MaxTileRows to 16 *
MaxTi | eRows, inclusive, where MaxTileRows is given in Table A-1
of [HEVC] for the highest |evel

max-tc:

The value of max-tc is an integer indication the maxi num nunber
of tile colums. The nmax-tc paraneter signals that the
receiver is capable of decoding video with a |larger nunber of
tile colums than the value all owed by the highest |evel

Wien nmax-tc is signaled, the receiver MIUST be able to decode
bitstreams that conformto the highest level, with the
exception that the MaxTileCols value in Table A-1 of [HEVC] for
the highest level is replaced with the value of max-tc.
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Senders MAY use this know edge to send pictures utilizing a
I arger nunber of tile colums than the value allowed by the
hi ghest | evel

When not present, the value of max-tc is inferred to be equa
to the value of MaxTileCols given in Table A-1 of [HEVC] for
t he hi ghest | evel

The val ue of max-tc MJST be in the range of MaxTileCols to 16 *
MaxTi | eCol s, inclusive, where MaxTileCols is given in Table A-1
of [HEVC] for the highest |evel

max- f ps:

The val ue of max-fps is an integer indicating the maxi num
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-Isr, max-I|ps,
and nmax- br.

The value of max-fps is not necessarily the picture rate at
whi ch the maxi nrum picture size can be sent, it constitutes a
constraint on maxi mumpicture rate for all resolutions.

Informative note: The max-fps paraneter is semantically
different from max-|sr, max-Ips, max-cpb, max-dpb, max-br
max-tr, and max-tc in that max-fps is used to signal a
constraint, lowering the naxi mumpicture rate fromwhat is
i mpli ed by other paraneters.

The encoder MJST use a picture rate equal to or less than this
value. In 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 nax-fps MJST be smaller 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, max-Ips, and
max- br.
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spr op- max- don-di f f:

If tx-nmode is equal to "SRST" and there is no NAL unit nal uA
that is followed in transm ssion order by any NAL unit
precedi ng nal uA in decoding order (i.e., the transm ssion order
of the NAL units is the sane as the decoding order), the val ue
of this paraneter MJST be equal to O.

O herwise, if tx-npde is equal to "MRST" or "MRMI", the
decodi ng order of the NAL units of all the RTP streams is the
same as the NAL unit transm ssion order and the NAL unit out put
order, the value of this parameter MJUST be equal to either 0 or
1

O herwise, if tx-node is equal to "MRST" or "MRMI" and the
decodi ng order of the NAL units of all the RTP streams is the
same as the NAL unit transm ssion order but not the same as the
NAL unit output order, the value of this paraneter MJST be
equal to 1.

O herwi se, this paranmeter specifies the maxi mum absol ute

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

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

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

spr op- depack- buf - nal us:
Thi s paraneter specifies the maxi mum nunber of NAL units that
precede a NAL unit in transm ssion order and follow the NAL
unit in decoding order

The val ue of sprop-depack-buf-nalus MJST be an integer in the
range of 0 to 32767, inclusive.

When not present, the value of sprop-depack-buf-nalus is
inferred to be equal to O.

When sprop-max-don-diff is present and greater than O, this
paranmeter MJUST be present and the value MJST be greater than O.
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spr op- depack- buf - byt es:

This paraneter signals the required size of the de-
packetization buffer in units of bytes. The value of the
paraneter MJST be greater than or equal to the maximum buffer
occupancy (in units of bytes) of the de-packetization buffer as
specified in Section 6.

The val ue of sprop-depack-buf-bytes MJST be an integer in the
range of 0 to 4294967295, incl usive.

When sprop-nmax-don-diff is present and greater than 0, this
paraneter MJST be present and the value MJST be greater than O.
When not present, the value of sprop-depack-buf-bytes is
inferred to be equal to O.

Informative note: The val ue of sprop-depack-buf-bytes

i ndi cates 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:

This paraneter signals the capabilities of a receiver

i mpl enentation and indi cates the anount of de-packetization
buffer space in units of bytes that the receiver has available
for reconstructing the NAL unit decoding order from NAL units
carried in one or nore RTP streans. A receiver is able to
handl e any RTP stream and all RTP streans the RTP stream
depends on, when present, for which t