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Abstract

This meno describes an RTP payl oad format for Scal abl e Vi deo Coding
(SVC) as defined in Annex G of |ITU T Recommendation H. 264, which is
technically identical to Anendnment 3 of |ISO I EC Internationa
Standard 14496-10. The RTP payload format allows for packetization
of one or nore Network Abstraction Layer (NAL) units in each RTP
packet payload, as well as fragnentation of a NAL unit in nmultiple
RTP packets. Furthernore, it supports transm ssion of an SVC stream
over a single as well as nultiple RTP sessions. The payload fornat
defines a new nedia subtype nane "H264-SVC', but is still backward
conpatible to RFC 6184 since the base | ayer, when encapsulated inits
own RTP stream nust use the H 264 nedia subtype nane ("H264") and

t he packetization nethod specified in RFC 6184. The payl oad format
has wi de applicability in videoconferencing, |nternet video
stream ng, and high-bitrate entertainnment-quality video, anong

ot hers.

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/rfc6190
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1. Introduction

This meno specifies an RTP [ RFC3550] payl oad fornmat for the Scal abl e
Vi deo Codi ng (SVC) extension of the H 264/ AVC video codi ng standard.
SVC is specified in Arendnent 3 to | SO | EC 14496 Part 10
[1SO 1 EC14496-10] and equivalently in Annex G of ITU- T Rec. H 264

[H 264]. 1In this nmenp, unless explicitly stated otherw se,

"H. 264/ AVC' refers to the specification of [H 264] excluding Annex G

SVC covers the entire application range of H. 264/ AVC, from | ow
bitrate nmobile applications, to Hi gh-Definition Tel evision (HDITV)
broadcasting, and even Digital Cinema that requires nearly | ossless
codi ng and hundreds of negabits per second. The scalability features
that SVC adds to H. 264/ AVC enabl e several systemleve

functionalities related to the ability of a systemto adapt the
signal to different systemconditions with no or mninmal processing.
The adaptation relates both to the capabilities of potentially

het er ogeneous receivers (differing in screen resolution, processing
speed, etc.), and to differing or tinme-varying network conditions.
The adaptation can be perfornmed at the source, the destination, or in
i nternedi ate nedi a-aware network el enents (MANES). The payl oad
format specified in this menp exposes these systeml eve
functionalities so that system designers can take direct advantage of
t hese features

Informative note: Since SVC streans contain, by design, a sub-
streamthat is conpliant with H 264/ AVC, it is trivial for a MANE
to filter the streamso that all SVC specific information is
renoved. This neno, in fact, defines a nedia type paraneter
(sprop-avc-ready, Section 7.2) that indicates whether or not the
stream can be converted to one conpliant with [ RFC6184] by
elimnating RTP packets, and rewiting RTP Control Protocol (RTCP)
to match the changes to the RTP packet stream as specified in
Section 7 of [RFC3550].

This meno defines two basic nodes for transm ssion of SVC data,
singl e-session transni ssion (SST) and nulti-session transm ssion

(MST). In SST, a single RTP session is used for the transni ssion of
all scalability layers conprising an SVC bitstream in MT, the
scalability layers are transported on different RTP sessions. In

SST, packetization is a straightforward extension of [RFC6184]. For
MST, four different nodes are defined in this nmeno. They differ on
whet her or not they allow interleaving, i.e., transmtting Network
Abstraction Layer (NAL) units in an order different than the decoding
order, and by the technique used to effect inter-session NAL unit
decodi ng order recovery. Decoding order recovery is performed using
either inter-session timestanp alignment [RFC3550] or cross-session
decodi ng order nunbers (CS-DONs). One of the MST npdes supports both
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decodi ng order recovery techni ques, so that receivers can sel ect
their preferred technique. Mre details can be found in Section
1.2.2.

This meno further defines three new NAL unit types. The first type
is the payload content scalability information (PACSI) NAL unit,
which is used to provide an informative summary of the scalability
informati on of the data contained in an RTP packet, as well as
ancillary data (e.g., CS-DON values). The second and third new NAL
unit types are the enpty NAL unit and the non-interleaved multi-tinme
aggregation packet (N -MFAP) NAL unit. The enpty NAL unit is used to
ensure inter-session tinmestanp alignnment required for decoding order
recovery in MST. The N -MIAP is used as a new payl oad structure

all owi ng the grouping of NAL units of different tinme instances in
decoding order. Mre details about the new packet structures can be
found in Section 1.2.3.

This meno al so defines the signaling support for SVC transport over
RTP, including a new nedi a subtype name (H264- SVC)

A non-nornmative overview of the SVC codec and the payload is given in
the remai nder of this section

1.1. The SVC Codec
1.1.1. Overview

SVC defines a coded video representation in which a given bitstream
offers representations of the source material at different |evels of
fidelity (hence the term"scalable"). Scalable video coding
bitstreans, or scalable bitstreans, are constructed in a pyram da
fashi on: the coding process creates bitstream conponents that inprove
the fidelity of hierarchically |ower conmponents.

The fidelity dinmensions offered by SVC are spatial (picture size),
quality (or Signal-to-Noise Ratio (SNR)), and tenporal (pictures per
second). Bitstream conponents associated with a given |evel of
spatial, quality, and tenporal fidelity are identified using
correspondi ng paranmeters in the bitstream dependency_id, quality_id,
and tenporal id (see also Section 1.1.3). The fidelity identifiers
have integer val ues, where higher val ues desi gnate conponents that
are higher in the hierarchy. It is noted that SVC offers significant
flexibility in terms of how an encoder may choose to structure the
dependenci es between the vari ous conponents. Decoding of a
particul ar conmponent requires the availability of all the conponents
it depends upon, either directly, or indirectly. An operation point
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of an SVC bitstream consists of the bitstream conponents required to
be able to decode a particul ar dependency_id, quality id, and
tenporal _id conbi nati on.

The term"layer” is used in various contexts in this nenmo. For
exanple, in the terns "Video Coding Layer"” and "Network Abstraction
Layer" it refers to conceptual organization levels. Wen referring
to bitstream syntax el enents such as bl ock | ayer or macrobl ock | ayer
it refers to hierarchical bitstreamstructure levels. When used in
the context of bitstreamscalability, e.g., "AVC base layer", it
refers to a level of representation fidelity of the source signa
with a specific set of NAL units included. The correct
interpretation is supported by providing the appropriate context.

SVC nmai ntai ns the bitstream organi zation introduced in H 264/ AVC.
Specifically, all bitstream conponents are encapsul ated i n Network
Abstraction Layer (NAL) units, which are organi zed as Access Units
(AUs). An AU is associated with a single sanpling instance in tine.
A subset of the NAL unit types correspond to the Video Coding Layer
(VCL), and contain the coded picture data associated with the source
content. Non-VCL NAL units carry ancillary data that nmay be
necessary for decoding (e.g., paraneter sets as expl ai ned bel ow) or
that facilitate certain system operations but are not needed by the
decodi ng process itself. Coded picture data at the various fidelity
di mensi ons are organized in slices. Wthin one AU, a coded picture
of an operation point consists of all the coded slices required for
decoding up to the particular conbination of dependency_id and
quality id values at the tine instance corresponding to the AU

It is noted that the concept of tenporal scalability is already
present in H 264/ AVC, as profiles defined in Annex A of [H. 264]
already support it. Specifically, in H 264/ AVC, the concept of sub-
sequences has been introduced to allow optional use of tenpora

| ayers through Suppl emental Enhancenent |Information (SEl) nessages.
SVC extends this approach by exposing the tenmporal scalability

i nformati on using the tenporal id paraneter, alongside (and unified
with) the dependency id and quality id values that are used for
spatial and quality scalability, respectively. For coded picture
data defined in Annex G of [H 264], this is acconplished by using a
new type of NAL unit, nanely, coded slice in scal abl e extensi on NAL
unit (type 20), where the fidelity paranmeters are part of its header
For coded picture data that follow H 264/ AVC, and to ensure
compatibility with existing H 264/ AVC decoders, another new type of
NAL unit, nanely, prefix NAL unit (type 14), has been defined to
carry this header information. SVC additionally specifies a third
new type of NAL unit, nanely, subset sequence parameter set NAL unit
(type 15), to contain sequence paraneter set information for quality
and spatial enhancenent layers. All these three newly specified NAL
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unit types (14, 15, and 20) are anong those reserved in H 264/ AVC and
are to be ignored by decoders confornming to one or nore of the
profiles specified in Annex A of [H. 264].

Wthin an AU, the VCL NAL units associated with a given dependency_id
and quality id are referred to as a "layer representation”. The

| ayer representation corresponding to the | owest val ues of
dependency _id and quality id (i.e., zero for both) is conpliant by
design to H 264/ AVC. The set of VCL and associated non-VCL NAL units
across all AUs in a bitstream associated with a particul ar

conmbi nati on of values of dependency_id and quality_id, and regardl ess
of the value of tenporal id, is conceptually a scalable |ayer. For
backward conpatibility with H 264/ AVC, it is inportant to
differentiate, however, whether or not SVC-specific NAL units are
present in a given bitstream This is particularly inportant for the
|l owest fidelity values in ternms of dependency_id and quality_id (zero
for both), as the corresponding VCL data are conpliant with

H. 264/ AVC, and may or nmamy not be acconpani ed by associ ated prefix NAL
units. This nmeno therefore uses the term"AVC base | ayer" to
designate the | ayer that does not contain SVCspecific NAL units, and
"SVC base layer" to designate the same |layer but with the addition of
the associated SVC prefix NAL units. Note that the SVC specification
uses the term "base layer” for what in this meno will be referred to
as "AVC base layer". Simlarly, it is also inportant to be able to
differentiate, within a layer, the tenporal fidelity conponents it
contains. This nmeno uses the term"T0" to indicate, within a
particul ar layer, the subset that contains the NAL units associ ated
with tenporal _id equal to O.

SNR scalability in SVCis offered in tw different ways. In what is
call ed coarse-grain scalability (CGS), scalability is provided by

i ncluding or excluding a conplete | ayer when decodi ng a particul ar
bitstream In contrast, in nediumgrain scalability (M3S),
scalability is provided by selectively omtting the decodi ng of
specific NAL units belonging to MSS |l ayers. The selection of the NAL
units to onit can be based on fixed-length fields present in the NAL
unit header (see also Sections 1.1.3 and 4.2).

1.1. 2. Parameter Sets

SVC mai ntai ns the paraneter sets concept in H 264/ AVC and introduces
a new type of sequence paraneter set, referred to as the subset
sequence paraneter set [H 264]. Subset sequence paraneter sets have
NAL unit type equal to 15, which is different fromthe NAL unit type
val ue (7) of sequence paraneter sets. VCL NAL units of NAL unit type
1to 5 nnust only (indirectly) refer to sequence paraneter sets, while
VCL NAL units of NAL unit type 20 nust only (indirectly) refer to
subset sequence paraneter sets. The references are indirect because
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VCL NAL units refer to picture paraneter sets (in their slice
header), which in turn refer to regular or subset sequence paraneter
sets. Subset sequence paraneter sets use a separate identifier value
space than sequence paraneter sets.

In SVC, coded picture data fromdifferent |ayers may use the sane or
di fferent sequence and picture paraneter sets. Let the variable DQd
be equal to dependency id * 16 + quality_ id. At any tinme instant
during the decoding process there is one active sequence paraneter
set for the layer representation with the highest value of DQd and
one or nore active |ayer SVC sequence paraneter set(s) for |ayer
representations with | ower values of DQd. The active sequence
paraneter set or an active |ayer SVC sequence paraneter set remnains
unchanged t hroughout a coded vi deo sequence in the scalable layer in
whi ch the active sequence paraneter set or active layer SVC sequence
paraneter set is referred to. This neans that the referred sequence
paraneter set or subset sequence paraneter set can only change at

i nst ant aneous decodi ng refresh (I DR) access units for any layer. At
any tine instant during the decoding process there nay be one active
picture paraneter set (for the layer representation wth the highest
val ue of DQ d) and one or nore active |layer picture paranmeter set(s)
(for layer representations with | ower values of DQd). The active
picture paraneter set or an active |layer picture paraneter set
remai ns unchanged t hroughout a | ayer representation in which the
active picture paraneter set or active layer picture paranmeter set is
referred to, but may change fromone AU to the next.

1.1.3. NAL Unit Header

SVC extends the one-byte H 264/ AVC NAL unit header by three
additional octets for NAL units of types 14 and 20. The header

i ndi cates the type of the NAL unit, the (potential) presence of bit
errors or syntax violations in the NAL unit payl oad, information
regarding the relative inportance of the NAL unit for the decoding
process, the layer identification information, and other fields as
di scussed bel ow

The syntax and semantics of the NAL unit header are specified in
[H 264], but the essential properties of the NAL unit header are
summari zed bel ow for conveni ence.

The first byte of the NAL unit header has the following format (the
bit fields are the same as defined for the one-byte H 264/ AVC NAL
unit header, while the semantics of sone fields have changed
slightly, in a backward-conpatible way):
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| O] 1] 2] 3| 4] 5] 6] 7|
R it i i s S
| FINRI|  Type |

The senantics of the conponents of the NAL unit type octet, as
specified in [H 264], are described briefly below |In addition to
the name and size of each field, the correspondi ng syntax el enent

nane

F:

NRI :

Type:

Wenger ,

in [H 264] is al so provided.

1 bit
forbi dden_zero_bit. H. 264/ AVC declares a value of 1 as a
syntax viol ation.

2 bits

nal _ref_idc. A value of "00" (in binary forn) indicates that
the content of the NAL unit is not used to reconstruct
reference pictures for future prediction. Such NAL units can
be discarded wi thout risking the integrity of the reference
pictures in the sane layer. A value greater than "00"

i ndi cates that the decoding of the NAL unit is required to

mai ntain the integrity of reference pictures in the sane |ayer
or that the NAL unit contains paraneter sets.

5 bits

nal _unit_type. This conponent specifies the NAL unit type as
defined in Table 7-1 of [H 264], and later within this nmeno.
For a reference of all currently defined NAL unit types and
their semantics, please refer to Section 7.4.1 in [H 264].

In H 264/ AVC, NAL unit types 14, 15, and 20 are reserved for
future extensions. SVC uses these three NAL unit types as
follows: NAL unit type 14 is used for prefix NAL unit, NAL unit
type 15 is used for subset sequence paraneter set, and NAL unit
type 20 is used for coded slice in scal able extension (see
Section 7.4.1 in [H 264]). NAL unit types 14 and 20 indicate
the presence of three additional octets in the NAL unit header
as shown bel ow.

S S S +
| 01 1] 2| 3] 4| 5] 6] 7] O] 1] 2| 3] 4] 5] 6| 7] 0] 1] 2| 3] 4| 5] 6] 7|
B S S s s i ik i S S S S
[ R T] PRI D INN DDD| QD | TID|UDOJO RR
T e e +
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1 bit
reserved one bit. Reserved bit for future extension. R nust
be equal to 1. The value of R nust be ignored by decoders.

1 bit

idr_flag. This conponent specifies whether the |ayer
representation is an instantaneous decoding refresh (IDR) |ayer
representation (when equal to 1) or not (when equal to 0).

6 bits
priority id. This flag specifies a priority identifier for the
NAL unit. A lower value of PRID indicates a higher priority.

1 bit

no_inter_layer _pred flag. This flag specifies, when present in
a coded slice NAL unit, whether inter-layer prediction nmay be
used for decoding the coded slice (when equal to 1) or not
(when equal to 0).

3 bits

dependency_id. This conmponent indicates the inter-layer coding
dependency level of a |layer representation. At any access
unit, a layer representation with a given dependency_id may be
used for inter-layer prediction for coding of a |layer
representation with a higher dependency id, while a | ayer
representation with a given dependency_id shall not be used for
inter-layer prediction for coding of a | ayer representation
with a | ower dependency_i d.

4 bits

quality id. This conponent indicates the quality |level of an
MSS | ayer representation. At any access unit and for identica
dependency_id values, a layer representation with quality_id
equal to gl uses a layer representation with quality_id equa
to ql-1 for inter-layer prediction.

3 bits

tenporal _id. This conponent indicates the tenporal |evel of a
| ayer representation. The tenporal_id is associated with the
frane rate, with | ower values of _tenporal _id corresponding to
lower frame rates. A layer representation at a given
tenporal id typically depends on |l ayer representations with

| ower tenporal id values, but it never depends on |ayer
representations with higher tenporal id val ues.
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U 1 bit
use ref base pic flag. A value of 1 indicates that only
ref erence base pictures are used during the inter prediction
process. A value of 0 indicates that the reference base
pictures are not used during the inter prediction process.

D: 1 bit
di scardable flag. A value of 1 indicates that the current NAL
unit is not used for decoding NAL units with val ues of
dependency_i d hi gher than the one of the current NAL unit, in
the current and all subsequent access units. Such NAL units
can be discarded without risking the integrity of layers with
hi gher dependency_id values. discardable flag equal to O
i ndi cates that the decoding of the NAL unit is required to
maintain the integrity of layers w th higher dependency_id.

O 1 bit
output flag: Affects the decoded picture output process as
defined in Annex C of [H 264].

RR: 2 bits
reserved three 2bits. Reserved bits for future extension. RR
MUST be equal to "11" (in binary formj. The value of RR nust
be i gnored by decoders.

This neno extends the semantics of F, NRI, |, PRID, DID, QD, TID U,
and D per Annex G of [H. 264] as described in Section 4.2.

1.2. Overview of the Payl oad Format
Simlar to [ RFC6184], this payload fornmat can only be used to carry
the raw NAL unit stream over RTP and not the bytestream fornat
specified in Annex B of [H. 264].
The design principles, transm ssion nodes, and packetization nodes as
wel | as new payload structures are sunmmarized in this section. It is
assuned that the reader is famliar with the term nol ogy and concepts
defined in [ RFC6184].

1.2.1. Design Principles

The foll owi ng design principles have been observed for this payl oad
format:

0 Backward conpatibility with [ RFC6184] wherever possible.
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1

2.

o0 The SVC base | ayer or any H. 264/ AVC conpati bl e subset of the SVC
base layer, when transmitted in its owm RTP stream nust be
encapsul ated using [ RFC6184]. This ensures that such an RTP
stream can be understood by [ RFC6184] receivers.

0 Media-aware network el enents (MANEs) as defined in [ RFC6184] are
signaling-aware, rely on signaling information, and have state.

0 MANEs can aggregate multiple RTP streans, possibly fromnultiple
RTP sessi ons.

0 MANEs can perform nedi a-aware streamthinning (selective
elimnation of packets or portions thereof). By using the payl oad
header information identifying layers within an RTP session, MANEs
are able to renove packets or portions thereof fromthe inconing
RTP packet stream This inplies rewiting the RTP headers of the
out goi ng packet stream and rewiting of RTCP packets as specified
in Section 7 of [RFC3550].

2. Transni ssi on Mbdes and Packeti zati on Mbdes

This meno all ows the packetization of SVC data for both single-
session transm ssion (SST) and multi-session transm ssion (MST). In
the case of SST all SVC data are carried in a single RTP session. In
the case of MST two or nore RTP sessions are used to carry the SVC
data, in accordance with the MST-specific packetization nodes defined
in this meno, which are based on the packetizati on nodes defined in

[ RFC6184]. In MST, each RTP session is associated with one RTP
stream which may carry one or nore | ayers

The base layer is, by design, conpatible to H 264/ AVC. During
transm ssion, the associated prefix NAL units, which are introduced
by SVC and, when present, are ignored by H. 264/ AVC decoders, may be
encapsul ated within the same RTP packet stream as the H. 264/ AVC VCL
NAL units or in a different RTP packet stream (when MST is used).
For conveni ence, the term"AVC base layer" is used to refer to the
base layer without prefix NAL units, while the term"SVC base | ayer"
is used to refer to the base layer with prefix NAL units.

Furt hernmore, the base |layer may have nultiple tenmporal conponents
(i.e., supporting different frame rates). As a result, the | owest
tenporal conponent ("T0") of the AVC or SVC base layer is used as the
starting point of the SVC bitstream hierarchy.

This neno allows encapsulating in a given RTP stream any of the
following three alternatives of |ayer conbinations:
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1. the TO AVC base layer or the TO SVC base | ayer only;
2. one or nore enhancenent |ayers only; or
3. the TO SVC base | ayer, and one or nore enhancenent | ayers.

SST shoul d be used in point-to-point unicast applications and, in
general, whenever the potential benefit of using nultiple RTP
sessions does not justify the added conplexity. Wen SST is used,
the |l ayer conbination cases 1 and 3 above can be used. When an

H. 264/ AVC conpati bl e subset of the SVC base layer is transmitted
usi ng SST, the packetization of [RFC6184] mnust be used, thus ensuring
compatibility with [ RFC6184] receivers. Wen, however, one or nore
SVC quality or spatial enhancenent |ayers are transnmitted using SST
t he packetization defined in this neno nust be used. |n SST, any of
the three [ RFC6184] packetization nodes, nanely, single NAL unit
node, non-interleaved node, and interleaved node, can be used

MST shoul d be used in a nulticast session when different receivers
may request different layers of the scalable bitstream An operation
point for an SVC bitstream as defined in this nenp, corresponds to a
set of layers that together conformto one of the profiles defined in
Annex A or G of [H 264] and, when decoded, offer a representation of
the original video at a certain fidelity. The nunber of streans used
in MST should be at |east equal to the nunber of operation points
that may be requested by the receivers. Depending on the
application, this may result in each |ayer being carried in its own
RTP session, or in having nultiple |ayers encapsul ated within one RTP
sessi on.

Informative note: Layered nulticast is a termcomonly used to
describe the application where nulticast is used to transnit

| ayered or scal able data that has been encapsul ated into nore than
one RTP session. This application allows different receivers in
the multicast session to receive different operation points of the
scal able bitstream Layered mnulticast, anong other application
exanples, is discussed in nore detail in Section 11.2.

When MST is used, any of the three | ayer conbinations above can be
used for each of the sessions. Wen an H 264/ AVC conpati bl e subset
of the SVC base layer is transmitted in its own session in MST, the
packetization of [RFC6184] must be used, such that [ RFC6184]
receivers can be part of the MST and receive only this session. For
MST, this neno defines four different MST-specific packetization
nodes, nanely, non-interleaved tinestanp (NI -T) based node, non-
interl eaved CS-DON (NI -C) based nbde, non-interleaved conbi ned

ti mestanp and CS-DON node (NI-TC), and interleaved CS-DON (I-C) based
nmode (detailed in Section 4.5.2). The nodes differ dependi ng on
whet her the SVC data are allowed to be interleaved, i.e., to be
transmitted in an order different than the intended decodi ng order
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and they also differ in the mechani sns provided in order to recover
the correct decoding order of the NAL units across the nmultiple RTP
sessions. These four MST nodes reuse the packetization nodes

i ntroduced in [ RFC6184] for the packetization of NAL units in each of
their individual RTP sessions.

As the nanmes of the MST packetization nodes inply, the NI-T, N -C
and NI -TC nodes do not allow interleaved transm ssion, while the I-C
node allows interleaved transnission. Wth any of the three non-

i nterl eaved MST packetizati on nodes, |egacy [ RFC6184] receivers with
i npl ement ati on of the non-interleaved node specified in [ RFC6184] can
join a nmulti-session transnission of SVC, to receive the base RTP
session encapsul ated according to [ RFC6184].

1.2.3. New Payl oad Structures

[ RFC6184] specifies three basic payload structures, nanely, single
NAL unit packet, aggregation packet, and fragmentation unit.
Dependi ng on the basic payload structure, an RTP packet nmay contain a
NAL unit not aggregating other NAL units, one or nmore NAL units
aggregated in another NAL unit, or a fragnment of a NAL unit not
aggregating other NAL units. Each NAL unit of a type specified in
[H 264] (i.e., 1 to 23, inclusive) may be carried inits entirety in
a single NAL unit packet, nmay be aggregated in an aggregati on packet,
or may be fragnented and carried in a nunber of fragmentation unit
packets. To enable aggregation or fragmentation of NAL units while
still ensuring that the RTP packet payload is only conposed of NAL
units, [RFC6184] introduced six new NAL unit types (24-29) to be used
as payl oad structures, selected fromthe NAL unit types left
unspecified in [H 264].

This meno reuses all the payload structures used in [ RFC6184].
Furthernmore, three new types of NAL units are defined: payl oad
content scalability information (PACSI) NAL unit, enpty NAL unit, and
non-interleaved multi-time aggregation packet (N -MIAP) (specified in
Sections 4.9, 4.10, and 4.7.1, respectively).

PACSI NAL units nay be used for the follow ng purposes:

0 To enable MANEs to decide whether to forward, process, or discard
aggregati on packets, by checking in PACSI NAL units the
scalability infornmation and other characteristics of the
aggregated NAL units, rather than | ooking into the aggregated NAL
units thensel ves, which are defined by the video coding
speci fication.
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0 To enable correct decoding order recovery in MST using the NI -C or
Nl - TC node, with the help of the CS-DON infornmation included in
PACSI NAL units.

o To inprove resilience to packet |osses, e.g., by utilizing the
following data or information included in PACSI NAL units:
repeat ed Suppl enental Enhancenent Information (SElI) nessages,
information regarding the start and end of |ayer representations,
and the indices to |ayer representations of the | owest tenpora
subset .

Enpty NAL units nay be used to enabl e correct decodi ng order recovery
in MST using the NI-T or NI-TC node. N -MIAP NAL units may be used
to aggregate NAL units fromnultiple access units but w thout

i nterleaving.

2. Conventions

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119

[ RFC2119] .

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 [H 264]. Section
3.1.1 lists relevant definitions copied from[H 264] for conveni ence.

When there is discrepancy, the definitions in [H 264] take
precedence. Section 3.1.2 gives definitions specific to this neno.
Sone of the definitions in Section 3.1.2 are also present in

[ RFC6184] and copied here with slight adaptati ons as needed.

3.1.1. Definitions fromthe SVC Specification

access unit: A set of NAL units always containing exactly one prinary
coded picture. In addition to the prinmary coded picture, an access
unit may al so contain one or nore redundant coded pictures, one
auxiliary coded picture, or other NAL units not containing slices or
slice data partitions of a coded picture. The decoding of an access
unit always results in a decoded picture.
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base layer: A bitstream subset that contains all the NAL units with
the nal _unit_type syntax element equal to 1 or 5 of the bitstream and
does not contain any NAL unit with the nal _unit_type syntax el enent
equal to 14, 15, or 20 and confornms to one or nore of the profiles
specified in Annex A of [H. 264].

base quality layer representation: The | ayer representation of the
target dependency representation of an access unit that is associated
with the quality id syntax el ement equal to O.

coded vi deo sequence: A sequence of access units that consists, in
decodi ng order, of an IDR access unit foll owed by zero or nore non-
I DR access units including all subsequent access units up to but not
i ncl udi ng any subsequent | DR access unit.

dependency representation: A subset of Video Coding Layer (VCL) NAL
units within an access unit that are associated with the sane val ue
of the dependency_id syntax el enent, which is provided as part of the
NAL unit header or by an associated prefix NAL unit. A dependency
representation consists of one or nore |ayer representations.

I DR access unit: An access unit in which the primary coded picture is
an | DR picture.

| DR pi cture: Instantaneous decoding refresh picture. A coded picture
in which all slices of the target dependency representation wthin
the access unit are | or El slices that causes the decodi ng process
to mark all reference pictures as "unused for reference" inmmediately
after decoding the IDR picture. After the decoding of an IDR picture
all followi ng coded pictures in decoding order can be decoded wi t hout
inter prediction fromany picture decoded prior to the I DR picture.
The first picture of each coded vi deo sequence is an | DR picture.

| ayer representation: A subset of VCL NAL units within an access unit
that are associated with the sane val ues of the dependency_id and
quality id syntax elenents, which are provided as part of the VCL NAL
unit header or by an associated prefix NAL unit. One or nore |ayer
representations represent a dependency representation

prefix NAL unit: A NAL unit with nal __unit_type equal to 14 that

i medi ately precedes in decoding order a NAL unit with nal _unit_type
equal to 1, 5, or 12. The NAL unit that imediately succeeds in
decodi ng order the prefix NAL unit is referred to as the associ ated
NAL unit. The prefix NAL unit contains data associated with the
associ ated NAL unit, which are considered to be part of the

associ ated NAL unit.
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ref erence base picture: A reference picture that is obtained by
decodi ng a base quality layer representation with the nal _ref _idc
syntax el enent not equal to O and the store_ref_base_pic_flag syntax
el ement equal to 1 of an access unit and all |ayer representations of
the access unit that are referred to by inter-layer prediction of the
base quality layer representation. A reference base picture is not
an out put of the decoding process, but the sanples of a reference
base picture may be used for inter prediction in the decodi ng process
of subsequent pictures in decoding order. Reference base picture is
a collective termfor a reference base field or a reference base
frane.

scal able bitstream A bitstreamwi th the property that one or nore
bit stream subsets that are not identical to the scal abl e bitstream
form another bitstreamthat conforms to the SVC specification

[H. 264].

target dependency representati on: The dependency representati on of an
access unit that is associated with the |argest value of the
dependency_id syntax element for all dependency representations of
the access unit.

target |ayer representation: The | ayer representation of the target
dependency representation of an access unit that is associated with

the | argest value of the quality id syntax element for all I|ayer
representations of the target dependency representation of the access
unit.

3.1.2. Definitions Specific to This Meno

anchor | ayer representation: An anchor |ayer representation is such a
| ayer representation that, if decoding of the operation point
corresponding to the layer starts fromthe access unit containing
this layer representation, all the follow ng | ayer representations of
the layer, in output order, can be correctly decoded. The out put
order is defined in [H 264] as the order in which decoded pictures
are output fromthe decoded picture buffer of the decoder. As H. 264
does not specify the picture display process, this nore general term
is used instead of display order. An anchor |ayer representation is
a random access point to the layer the anchor |ayer representation
bel ongs. However, sone | ayer representations, succeedi ng an anchor

| ayer representation in decoding order but preceding the anchor |ayer
representation in output order, nmay refer to earlier |ayer
representations for inter prediction, and hence the decodi ng may be
incorrect if random access is perforned at the anchor |ayer
representation.
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AVC base | ayer: The subset of the SVC base layer in which all prefix
NAL units (type 14) are renoved. Note that this is equivalent to the
term "base layer" as defined in Annex G of [H. 264].

base RTP session: Wen nulti-session transmssion is used, the RTP
session that carries the RTP stream contai ning the TO AVC base | ayer
or the TO SVC base |ayer, and zero or nore enhancenent |ayers. This
RTP session does not depend on any other RTP session as indicated by
nmechani sns defined in Section 7.2.3. The base RTP session nay carry
NAL units of NAL unit type equal to 14 and 15.

decodi ng order nunber (DON): A field in the payload structure or a
derived variable indicating NAL unit decoding order. Values of DON
are in the range of 0 to 65535, inclusive. After reaching the
maxi mum val ue, the value of DON waps around to 0. Note that this
definition also exists in [RFC6184] in exactly the same form

Enpty NAL unit: A NAL unit with NAL unit type equal to 31 and sub-
type equal to 1. An enpty NAL unit consists of only the two-byte NAL
unit header with an enpty payl oad.

enhancenent RTP session: Wien nulti-session transnission is used, an
RTP session that is not the base RTP session. An enhancenent RTP
session typically contains an RTP streamthat depends on at |east one
other RTP session as indicated by nechani snms defined in Section
7.2.3. A lower RTP session to an enhancenent RTP session is an RTP
sessi on on which the enhancenment RTP session depends. The |owest RTP
session for a receiver is the RTP session that does not depend on any
ot her RTP session received by the receiver. The highest RTP session
for a receiver is the RTP session on which no other RTP session

recei ved by the receiver depends.

cross-sessi on decodi ng order number (CS-DON): A derived variable

i ndi cating NAL unit decodi ng order nunber over all NAL units within
all the session-multiplexed RTP sessions that carry the sane SVC

bi t st ream

default level: The level indicated by the profile-level-id paraneter.
In Session Description Protocol (SDP) Offer/Answer, the level is
downgradabl e, i.e., the answer may either use the default level or a
lower level. Note that this definition also exists in [RFC6184] in a
slightly different form

default sub-profile: The subset of coding tools, which nmay be al
coding tools of one profile or the comobn subset of coding tools of
nmore than one profile, indicated by the profile-level-id paraneter.
In SDP O fer/ Answer, the default sub-profile nmust be used in a
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synmretric manner, i.e., the answer nust either use the same sub-
profile as the offer or reject the offer. Note that this definition
also exists in [RFC6184] in a slightly different form

enhancenent layer: A layer in which at |east one of the val ues of
dependency _id or quality_ id is higher than 0, or a layer in which
none of the NAL units is associated with the value of tenporal id
equal to 0. An operation point constructed using the maxi num
tenporal _id, dependency_id, and quality_id values associated with an
enhancenent | ayer may or may not conformto one or nore of the
profiles specified in Annex A of [H 264].

H. 264/ AVC conpati bl e: The property of a bitstream subset of
conforming to one or nore of the profiles specified in Annex A of
[H. 264].

intra layer representation: A layer representation that contains
only slices that use intra prediction, and hence do not refer to any
earlier layer representation in decoding order in the sane |ayer
Note that in SVCintra prediction includes intra-layer intra
prediction as well as inter-layer intra prediction

| ayer: A bitstream subset in which all NAL units of type 1, 5, 12,

14, or 20 have the sanme val ues of dependency id and quality id,
either directly through their NAL unit header (for NAL units of type
14 or 20) or through association to a prefix (type 14) NAL unit (for
NAL unit type 1, 5, or 12). A layer may contain NAL units associated
with nore than one val ues of tenporal _id.

medi a- aware network el enent (MANE): A network el enent, such as a

m ddl ebox 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. Note that this definition also exists in
[ RFC6184] in exactly the same form

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 nappings of the nedia streans),
and in that it has to be trusted when working with Secure Real -
time Transport Protocol (SRTP). The advantage of using MANEs is
that they all ow packets to be dropped according to the needs of
the nmedia coding. For exanple, if a MANE has to drop packets due
to congestion on a certain link, it can identify and renove those
packets whose elimnation produces the | east adverse effect on the
user experience. After dropping packets, MANEs nust rewite RTCP
packets to match the changes to the RTP packet stream as specified
in Section 7 of [RFC3550].
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nmul ti-session transm ssion: The transm ssion node in which the SVC
streamis transmtted over nultiple RTP sessions. Dependency between
RTP sessions MJUST be signal ed according to Section 7.2.3 of this
neno.

NAL unit decoding order: A NAL unit order that conforns to the
constraints on NAL unit order given in Section G7.4.1.2 in [H 264].
Note that this definition also exists in [RFC6184] in a slightly
different form

NALU-time: The value that the RTP tinmestanp would have if the NAL
unit would be transported in its owm RTP packet. Note that this
definition also exists in [RFC6184] in exactly the same form

operation point: An operation point is identified by a set of val ues
of tenporal _id, dependency_id, and quality_ id. A bitstream
corresponding to an operation point can be constructed by renoving

all NAL units associated with a higher val ue of dependency_id, and

all NAL units associated with the sanme val ue of dependency_id but

hi gher values of quality_id or tenmporal _id. An operation point
bitstream conforns to at |east one of the profiles defined in Annex A
or Gof [H 264], and offers a representation of the original video
signal at a certain fidelity.

Informative note: Additional NAL units may be renmoved (with | owner
dependency_id or sane dependency_id but lower quality id) if they
are not required for decoding the bitstreamat the particul ar

operation point. The resulting bitstream however, may no | onger
conformto any of the profiles defined in Annex A or G of [H. 264].

operation point representation: The set of all NAL units of an
operation point within the sanme access unit.

RTP packet stream A sequence of RTP packets with increasing sequence
nunbers (except for w ap-around), identical payl oad type and

i dentical SSRC (Synchronization Source), carried in one RTP session
Wthin the scope of this nmeno, one RTP packet streamis utilized to
transport one or nore |ayers.

si ngl e-session transni ssion: The transni ssion node in which the SVC
bitstreamis transnmtted over a single RTP session

SVC base | ayer: The layer that includes all NAL units associated with

dependency id and quality id values both equal to 0, including prefix
NAL units (NAL unit type 14).
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SVC enhancenent layer: A layer in which at | east one of the val ues of
dependency _id or quality id is higher than 0. An operation point
constructed using the naxi num dependency_id and quality_id val ues and
any tenporal _id value associated with an SVC enhancenent |ayer does
not conformto any of the profiles specified in Annex A of [H 264].

SVC NAL unit: A NAL unit of NAL unit type 14, 15, or 20 as specified
in Annex G of [H. 264].

SVC NAL unit header: A four-byte header resulting fromthe addition
of a three-byte SVC-specific header extension added in NAL unit types
14 and 20.

SVC RTP session: Either the base RTP session or an enhancenent RTP
sessi on.

TO AVC base | ayer: A subset of the AVC base |ayer constructed by
renoving all VCL NAL units associated with tenporal id val ues higher
than 0 and non-VCL NAL units and SEl nessages associated only with
the VCL NAL units being renoved.

TO SVC base |l ayer: A subset of the SVC base |ayer constructed by
renoving all VCL NAL units associated with tenporal _id val ues higher
than 0 as well as prefix NAL units, non-VCL NAL units, and SE
messages associated only with the VCL NAL units bei ng renoved.

transm ssion order: The order of packets in ascending RTP sequence
nunber order (in nodulo arithmetic). 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. Note that this definition
al so exists in [RFC6184] in exactly the same form

3.2. Abbreviations

In addition to the abbreviations defined in [ RFC6184], the foll ow ng
abbreviations are used in this meno.

CGsS: Coarse-Grain Scalability

CS- DON: Cr oss- Sessi on Decodi ng Order Nunber
MGS: Medi um Grain Scal ability

VBT: Miul ti - Session Transm ssi on

PACSI : Payl oad Content Scal ability Information
SST: Si ngl e- Sessi on Transm ssi on

SNR: Si gnal -t o- Noi se Ratio

SVC Scal abl e Vi deo Codi ng
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4., RTP Payl oad For nat

4.1. RTP Header Usage
In addition to Section 5.1 of [RFC6184], the follow ng rules apply.
0 Setting of the Mbit:

The M bit of an RTP packet for which the packet payload is an N - MTAP
MUST be equal to 1 if the last NAL unit, in decoding order, of the
access unit associated with the RTP tinestanp is contained in the
packet .

0 Setting of the RTP tinestanp:

For an RTP packet for which the packet payload is an enpty NAL unit,
the RTP tinmestanp nust be set according to Section 4.10.

For an RTP packet for which the packet payload is a PACSI NAL unit,
the RTP tinmestanp MJST be equal to the NALU-tinme of the next non-
PACSI NAL unit in transmission order. Recall that the NALU-time of a
NAL unit in an MIAP is defined in [ RFC6184] as the value that the RTP
timestanp would have if that NAL unit would be transported in its own
RTP packet.

0 Setting of the SSRC

For both SST and MST, the SSRC val ues MJST be set according to
[ RFC3550] .

4.2. NAL Unit Extension and Header Usage
4.2.1. NAL Unit Extension

This meno specifies a NAL unit extension mechanismto allow for

i ntroduction of new types of NAL units, beyond the three NAL unit
types left undefined in [ RFC6184] (i.e., 0, 30, and 31). The

ext ensi on mechanismutilizes the NAL unit type value 31 and is
specified as follows. Wen the NAL unit type value is equal to 31
the one-byte NAL unit header consisting of the F, NRI, and Type
fields as specified in Section 1.1.3 is extended by one additiona
octet, which consists of a 5-bit field named Subtype and three 1-bit
fields nanmed J, K, and L, respectively. The additional octet is
shown in the followi ng figure

Wenger, et al. St andards Track [ Page 23]



RFC 6190 RTP Payl oad Format for SVC May 2011

| 0] 1] 2| 3| 4] 5] 6] 7|
e e e o
| Subtype |J]| K] L]

The Subtype val ue determines the (extended) NAL unit type of this NAL
unit. The interpretation of the fields J, K and L depends on the
Subtype. The semantics of the fields are as foll ows.

When Subtype is equal to 1, the NAL unit is an enpty NAL unit as
specified in Section 4.10. Wen Subtype is equal to 2, the NAL unit
is an NI-MIAP NAL unit as specified in Section 4.7.1. Al other

val ues of Subtype (0, 3-31) are reserved for future extensions, and
receivers MIST ignore the entire NAL unit when Subtype is equal to
any of these reserved val ues.

4.2.2. NAL Unit Header Usage

The structure and semantics of the NAL unit header according to the
H. 264 specification [H 264] were introduced in Section 1.1.3. This
section specifies the extended semantics of the NAL unit header
fields F, NRI, I, PRID, DID, QD, TID, U and D, according to this
meno. Wen the Type field is equal to 31, the senantics of the
fields in the extension NAL unit header were specified in Section
4.2. 1.

The semantics of F specified in Section 5.3 of [RFC6184] al so apply
inthis meno. That is, a value of O for F indicates that the NAL
unit type octet and payl oad should not contain bit errors or other
syntax violations, whereas a value of 1 for F indicates that the NAL
unit type octet and payload nay contain bit errors or other syntax
viol ations. MANEs SHOULD set the F bit to indicate bit errors in the
NAL unit.

For NRI, for a bitstreamconformng to one of the profiles defined in
Annex A of [H 264] and transported using [RFC6184], the senmantics
specified in Section 5.3 of [RFC6184] apply, i.e., NRI also indicates
the relative inportance of NAL units. For a bitstreamconfornming to
one of the profiles defined in Annex G of [H. 264] and transported
using this meno, in addition to the semantics specified in Annex G of
[H 264], NRI also indicates the relative inportance of NAL units
within a | ayer.

For I, in addition to the semantics specified in Annex G of [H 264],
according to this meno, MANEs MAY use this information to protect NAL
units with I equal to 1 better than NAL units with | equal to O.
MANEs MAY also utilize information of NAL units with | equal to 1 to
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deci de when to forward nore packets for an RTP packet stream For
exanple, when it is detected that spatial |ayer sw tching has
happened such that the operation point has changed to a hi gher val ue
of DID, MANEs MAY start to forward NAL units with the higher val ue of
DD only after forwarding a NAL unit with | equal to 1 with the

hi gher val ue of DI D

Note that, in the context of this section, "protecting a NAL unit"
means any RTP or network transport mechanismthat could inprove the
probability of successful delivery of the packet conveying the NAL
unit, including applying a Quality of Service (QS) enabl ed network,
Forward Error Correction (FEC), retransm ssions, and advanced
schedul i ng behavi or, whenever possi bl e.

For PRID, the semantics specified in Annex G of [H. 264] apply. Note
that MANEs i npl enenting unequal error protection MAY use this
information to protect NAL units with smaller PRI D values better than
those with larger PRID val ues, for exanple, by including only the
nore inportant NAL units in a FEC protection nmechanism The

i mportance for the decodi ng process decreases as the PRID val ue

i ncreases.

For DID, QD, or TID, in addition to the semantics specified in Annex
G of [H. 264], according to this nmeno, values of DID, Q D, or TID
indicate the relative inportance in their respective dinmension. A

|l ower value of DID, Q D, or TID indicates a higher inportance if the

other two conponents are identical. MANEs MAY use this infornmation
to protect nore inportant NAL units better than | ess inportant NAL
units.

For U in addition to the semantics specified in Annex G of [H 264],
according to this neno, MANEs MAY use this information to protect NAL
units with U equal to 1 better than NAL units with U equal to O.

For D, in addition to the semantics specified in Annex G of [H 264],
according to this nmeno, MANEs MAY use this information to deternne
whether a given NAL unit is required for successfully decoding a
certain Qperation Point of the SVC bitstream hence to deci de whet her
to forward the NAL unit.

4.3. Payload Structures

The NAL unit structure is central to H 264/ AVC, [RFC6184], as well as
SVC and this menb. In H 264/ AVC and SVC, all coded bits for
representing a video signal are encapsulated in NAL units. In

[ RFC6184], each RTP packet payload is structured as a NAL unit, which
contains one or a part of one NAL unit specified in H 264/ AVC, or
aggregates one or nore NAL units specified in H 264/ AVC
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[ RFC6184] specifies three basic payload structures (in Section 5.2 of
[ RFC6184]): single NAL unit packet, aggregation packet, fragnentation
unit, and six new types (24 to 29) of NAL units. The value of the
Type field of the RTP packet payl oad header (i.e., the first byte of
t he payl oad) may be equal to any value from1 to 23 for a single NAL
unit packet, any value from24 to 27 for an aggregation packet, and
28 or 29 for a fragnentation unit.

In addition to the NAL unit types defined originally for H 264/ AVC
SVC defines three new NAL unit types specifically for SVC coded
slice in scal abl e extension NAL units (type 20), prefix NAL units
(type 14), and subset sequence paraneter set NAL units (type 15), as
described in Section 1.1.

This meno further introduces three new types of NAL units, PACSI NAL
unit (NAL unit type 30) as specified in Section 4.9, enpty NAL unit
(type 31, subtype 1) as specified in Section 4.10, and N - MTAP NAL
unit (type 31, subtype 2) as specified in Section 4.7.1.

The RTP packet payload structure in [RFC6184] is naintained with
slight extensions in this nmeno, as follows. Each RTP packet payl oad
is still structured as a NAL unit, which contains one or a part of
one NAL unit specified in H 264/ AVC and SVC, or contains one PACS
NAL unit or one enpty NAL unit, or aggregates zero or nore NAL units
specified in H 264/ AVC and SVC, zero or one PACSI NAL unit, and zero
or nmore enpty NAL units.

In this neno, one of the three basic payl oad structures,
fragmentation unit, remains the sane as in [RFC6184], and the other
two, single NAL unit packet and aggregation packet, are extended as
follows. The value of the Type field of the payl oad header may be
equal to any value from1 to 23, inclusive, and 30 to 31, inclusive,
for a single NAL unit packet, and any value from24 to 27, inclusive,
and 31, for an aggregation packet. Wen the Type field of the

payl oad header is equal to 31 and the Subtype field of the payl oad
header is equal to 2, the packet is an aggregation packet (containing
an N - MIAP NAL unit). Wen the Type field of the payl oad header is
equal to 31 and the Subtype field of the payl oad header is equal to
1, the packet is a single NAL unit packet (containing an enpty NAL
unit).

Note that, in this nmeno, the Iength of the payl oad header varies
dependi ng on the value of the Type field in the first byte of the RTP
packet payload. |If the value is equal to 14, 20, or 30, the first
four bytes of the packet payload formthe payl oad header; otherwi se,
if the value is equal to 31, the first two bytes of the payload form
t he payl oad header; otherw se, the payl oad header is the first byte
of the packet payl oad.

Wenger, et al. St andards Track [ Page 26]



RFC 6190 RTP Payl oad Format for SVC May 2011

Table 1 lists the NAL unit types introduced in SVC and this nmeno and

where they are described in this neno. Table 2 summarizes the basic

payl oad structure types for all NAL unit types when they are directly
used as RTP packet payl oads according to this meno. Table 3

summari zes the NAL unit types allowed to be aggregated (i.e., used as
aggregation units in aggregation packets) or fragnented (i.e.

carried in fragmentation units) according to this neno.

Table 1. NAL unit types introduced in SVC and this nmenp

Type Subtype NAL Unit Nane Section Nunbers
14 - Prefix NAL unit 1.1

15 - Subset sequence paraneter set 1.1

20 - Coded slice in scalable extension 1.1

30 - PACSI NAL unit 4.9

31 0 reserved 4.2.1

31 1 Enpty NAL unit 4.10

31 2 NI - MTAP 4.7.1

31 3-31 reserved 4.2.1

Table 2. Basic payload structure types for all NAL unit
types when they are directly used as RTP packet payl oads

Type Subt ype Basi ¢ Payl oad Structure

0 - reserved

1-23 - Single NAL Unit Packet
24-27 - Aggr egati on Packet
28-29 - Fragnentation Unit

30 - Single NAL Unit Packet
31 0 reserved

31 1 Single NAL Unit Packet
31 2 Aggr egati on Packet

31 3-31 reserved
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Table 3. Sunmary of the NAL unit types allowed to be
aggregated or fragnmented (yes = allowed, no = disall owed,
- = not applicable/not specified)

Type Subtype STAP-A STAP-B MIAP16 MIAP24 FU-A FU-B NI - MTAP

0 - - - - - - -
1-23 - yes yes yes yes yes yes yes
24-29 - no no no no no no no
30 - yes yes yes yes no no yes
31 0 - - - - - - -
31 1 yes no no no no no yes
31 2 no no no no no no no
31 3-31 - - -

4.4, Transni ssion Mdes

This neno enabl es transm ssion of an SVC bitstream over one or nore
RTP sessions. |If only one RTP session is used for transni ssion of
the SVC bitstream the transmi ssion node is referred to as single-
session transmni ssion (SST); otherw se (nore than one RTP session is
used for transm ssion of the SVC bitstrean), the transm ssion node is
referred to as nulti-session transm ssion (MST).

SST SHOULD be used for point-to-point unicast scenarios, while MT
SHOULD be used for point-to-multipoint nmulticast scenarios where
different receivers requires different operation points of the same
SVC bitstream to inprove bandwi dth utilizing efficiency.

If the OPTIONAL nst-node nedia type paranmeter (see Section 7.1) is

not present, SST MJUST be used; otherwi se (nst-nopde is present), MT
MJUST be used.

4.5. Packetization Mdes
4.5.1. Packetization Mdes for Single-Session Transm ssion

Wien SST is in use, Section 5.4 of [RFC6184] applies with the
fol | owi ng extensions.

The packetization nodes specified in Section 5.4 of [RFC6184],
nanely, single NAL unit node, non-interleaved node, and interleaved
node, are also referred to as session packetization nodes. Table 4
summari zes the all owed session packetization nodes for SST.
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Table 4. Sunmary of allowed session packetizati on nodes
(denoted as "Session Mdde" for sinplicity) for SST (yes =
al  owed, no = disall owed)

Sessi on Mode Al'l owed
Single NAL Unit Mode yes
Non- | nterl eaved Mode yes
Interl eaved Mde yes

For NAL unit types in the range of 0 to 29, inclusive, the NAL unit
types allowed to be directly used as packet payl oads for each session
packetization node are the sanme as specified in Section 5.4 of

[ RFC6184]. For other NAL unit types, which are newWy introduced in
this meno, the NAL unit types allowed to be directly used as packet
payl oads for each session packetization node are sunmmarized in Table
5.

Table 5. New NAL unit types allowed to be directly used
as packet payl oads for each session packetization node

(yes = allowed, no = disallowed, - = not applicable/not specified)
Type Subt ype Si ngl e NAL Non- | nt er | eaved Interl eaved
Unit Mode Mbde Mbde

30 - yes no no

31 0 - - -

31 1 yes yes no

31 2 no yes no

31 3-31 - - -

4.5.2. Packetization Mdes for Milti-Session Transni ssion
For MST, this meno specifies four MST packetization nodes:
0 Non-interleaved tinmestanp based node (N -T);

0 Non-interleaved cross-session decodi ng order nunmber (CS-DON) based
nmode (NI -C);

o Non-interleaved conbined tinestanp and CS-DON node (N -TC); and
0 Interleaved CS-DON (I1-C) node.

These four nodes differ in two ways. First, they differ in terns of
whet her NAL units are required to be transnitted within each RTP

session in decoding order (i.e., non-interleaved), or they are
allowed to be transnmitted in a different order (i.e., interleaved).
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Second, they differ in the nechanisns they provide in order to
recover the correct decoding order of the NAL units across all RTP
sessions invol ved.

The NI-T, NI-C, and N -TC nodes do not allow interleaving, and are
thus targeted for systens that require relatively | ow end-to-end

| atency, e.g., conversational systenms. The |I-C node all ows
interleaving and is thus targeted for systems that do not require
very low end-to-end | atency. The benefits of interleaving are the
sanme as that of the interleaved node specified in [ RFC6184].

The NI -T node uses tinestanps to recover the decoding order of NAL
units, whereas the NI-C and |-C nodes both use the CS-DON mechani sm
(explained later) to do so. The N -TC node provides both tinestanps
and the CS-DON net hod; receivers in this case may choose to use

ei ther nmethod for perform ng decodi ng order recovery. The MST
packetization node in use MJST be signaled by the value of the

OPTI ONAL nst-node nedi a type paraneter. The used MST packetization
node governs which session packetizati on nodes are allowed in the
associ ated RTP sessions, which in turn govern which NAL unit types
are allowed to be directly used as RTP packet payl oads.

Table 6 summari zes the all owed session packetization nodes for N -T,
NI-C, and NI-TC. Table 7 summarizes the allowed session
packetization nodes for |-C

Table 6. Summary of allowed session packetization nodes
(denoted as "Session Mdde" for sinplicity) for NI-T, NI-C, and
NI -TC (yes = allowed, no = disall owed)

Sessi on Mde Base Session Enhancenent Sessi on
Single NAL Unit Mode yes no
Non- | nt erl eaved Mode yes yes
I nterl eaved Mde no no

Table 7. Sunmmary of allowed session packetization nodes
(denoted as "Session Mde" for sinplicity) for I-C
(yes = allowed, no di sal | owed)

Sessi on Mode Base Session Enhancenent Sessi on
Single NAL Unit Mode no no
Non- | nterl eaved Mde no no
Interl eaved Mde yes yes
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For NAL unit types in the range of 0 to 29, inclusive, the NAL unit
types allowed to be directly used as packet payloads for each session
packetization node are the same as specified in Section 5.4 of

[ RFC6184]. For other NAL unit types, which are newWy introduced in
this meno, the NAL unit types allowed to be directly used as packet
payl oads for each all owed session packetization node for NI-T, N -C,
NI -TC, and |-C are sunmarized in Tables 8, 9, 10, and 11
respectively.

Table 8. New NAL unit types allowed to be directly used
as packet payl oads for each all owed session packetization
node when NI-T is in use (yes = allowed, no = disall owed,
- = not applicabl e/ not specified)

Type Subt ype Si ngl e NAL Non- | nt er | eaved

Unit Mbde Mode
30 - yes no
31 0 - -
31 1 yes yes
31 2 no yes
31 3-31 - -

Table 9. New NAL unit types allowed to be directly used
as packet payl oads for each all owed session packetization
nmode when NI-Cis in use (yes = allowed, no = disallowed,
- = not applicabl e/ not specified)

Type Subt ype Si ngl e NAL Non- | nt er | eaved

Unit Mode Mbde
30 - yes yes
31 0 - -
31 1 no no
31 2 no yes
31 3-31 - -
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Table 10. New NAL unit types allowed to be directly used
as packet payl oads for each all owed session packetization
nmode when NI-TCis in use (yes = allowed, no = disall owed,
= not applicabl e/ not specified)

Type Subt ype Si ngl e NAL Non- | nterl eaved

Unit Mode Mode
30 - yes yes
31 0 - -
31 1 yes yes
31 2 no yes
31 3-31 - -

Table 11. New NAL unit types allowed to be directly used
as packet payl oads for the allowed session packetization
nmode when 1-Cis in use (yes = allowed, no = disall owed,

- = not applicabl e/ not specified)

Type Subt ype Interl eaved Mde
30 - no
31 0 -
31 1 no
31 2 no
31 3-31 -

When MST is in use and the MST packetization node in use is N-C
enpty NAL units (type 31, subtype 1) MJST NOT be used, i.e., no RTP
packet is allowed to contain one or nore enpty NAL units.

When MST is in use and the MST packetization node in use is I-C, both
enpty NAL units (type 31, subtype 1) and N -MIAP NAL units (type 31
subtype 2) MJST NOT be used, i.e., no RTP packet is allowed to
contain one or nore enpty NAL units or an N -MIAP NAL unit.

4.6. Single NAL Unit Packets
Section 5.6 of [RFC6184] applies with the foll ow ng extensions.
The payl oad of a single NAL unit packet MAY be a PACSI NAL unit (Type
30) or an enpty NAL unit (Type 31 and Subtype 1), in addition to a

NAL unit with NAL unit type equal to any value from1l to 23,
i ncl usi ve.
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If the Type field of the first byte of the payload is not equal to
31, the payload header is the first byte of the payload. O herwi se,
(the Type field of the first byte of the payload is equal to 31), the
payl oad header is the first two bytes of the payl oad.

4.7. Aggregation Packets

In addition to Section 5.7 of [RFC6184], the following applies in
thi s neno.

4.7.1. Non-Interleaved Miulti-Tine Aggregati on Packets (N -MIAPs)

One new NAL unit type introduced in this meno is the non-interl eaved
multi-time aggregation packet (N -MFAP). An N -MIAP consists of one
or nore non-interleaved nulti-tinme aggregation units.

The NAL units contained in N -MAPs MJST be aggregated in decodi ng
order.

A non-interleaved nulti-time aggregation unit for the N -MAP
consists of 16 bits of unsigned size information of the follow ng NAL
unit (in network byte order), and 16 bits (in network byte order) of
timestanp offset (TS offset) for the NAL unit. The structure is
presented in Figure 1. The starting or ending position of an
aggregation unit within a packet may or nmay not be on a 32-bit word
boundary. The NAL units in the N -MIAP are ordered in NAL unit
decodi ng order.

The Type field of the NI -MIAP MJST be set equal to "31".

The F bit MJST be set to 0 if all the F bits of the aggregated NAL
units are zero; otherwise, it MJST be set to 1

The val ue of NRI MJST be the maxi num val ue of NRI across all NAL
units carried in the N -MIAP packet.

The field Subtype MJUST be equal to 2.

If the field J is equal to 1, the optional DON field MIST be present
for each of the non-interleaved nulti-tinme aggregation units. For
SST, the J field MIUST be equal to 0. For MST, in the NI-T node the J
field MUST be equal to O, whereas in the NI-C or NI -TC node the J
field MUST be equal to 1. Wen the NI-C or NI-TC node is in use, the
DON field, when present, MJST represent the CS-DON value for the
particular NAL unit as defined in Section 6.2.2.

The fields K and L MJUST be both equal to O.
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0 1 2 3
01234567890123456789012345678901
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NAL unit size | TS of f set |
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e T T i S e e e o e s i NAL unit

+
| |
| |
| |
| I S ik Sk I S S S
| .

+

T S S s St S DU SUp U SIS

Figure 1. Non-interleaved nulti-tinme aggregation unit for N -MAP

Let TS be the RTP tinestanp of the packet carrying the NAL unit.
Recall that the NALU-tine of a NAL unit in an MIAP is defined in

[ RFC6184] as the value that the RTP tinestanp would have if that NAL
unit would be transported in its own RTP packet. The tinestanp
offset field MUST be set to a value equal to the value of the
followi ng fornul a:

if NALU-tine >= TS, TS offset = NALU-tine - TS
el se, TS offset = NALU-tinme + (2"32 - TS)

For the "earliest" nmulti-time aggregation unit in an N -MFAP, the
ti mestanp of fset MJST be zero. Hence, the RTP tinestanp of the N -
MIAP itself is identical to the earliest NALU-tine.

Informative note: The "earliest” nmulti-tinme aggregation unit is
the one that woul d have the snmall est extended RTP tinmestanp anong
all the aggregation units of an NI-MIAP if the aggregation units
were encapsul ated in single NAL unit packets. An extended
timestanp is a tinmestanp that has nore than 32 bits and is capable
of counting the waparound of the tinmestanp field, thus enabling
one to determine the smallest value if the tinmestanp waps. Such
an "earliest" aggregation unit nmay or nay not be the first one in
the order in which the aggregation units are encapsulated in an
Nl - MTAP. The "earliest” NAL unit need not be the sane as the
first NAL unit in the NAL unit decodi ng order either

Figure 2 presents an exanple of an RTP packet that contains an N -

MIAP that contains two non-interleaved nulti-tine aggregation units,
| abeled as 1 and 2 in the figure.
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4.8.

Wen

0 1 2 3

01234567890123456789012345678901
i T o T e e e et o S s S R R SR
| RTP Header |
B T e o i S I i i S S N iy St S I S S
| FINRI|  Type | Subtype |J|K|L|
s i T S e ok |
| |

|

| Non-interleaved nulti-tine aggregation unit #1

| B T ol S S S S i S S S
| | Non-interleaved multi-tinme |
B s i i S i i S T S S i S |
| aggregation unit #2 |

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

Figure 2. An RTP packet including an N -MIAP contai ning two
non-interleaved nmulti-tinme aggregation units

Fragnentation Units (FUs)
Section 5.8 of [RFC6184] applies.

Informative note: In case a NAL unit with the four-byte SVC NAL
unit header is fragnented, the three-byte SVC- specific header
extension is considered as part of the NAL unit payload. That is,
the three-byte SVC-specific header extension is only available in
the first fragnent of the fragnmented NAL unit.

Payl oad Content Scal ability Information (PACSI) NAL Unit

Anot her new type of NAL unit specified in this meno is the payl oad
content scalability information (PACSI) NAL unit. The Type field of
PACSI NAL units MJST be equal to 30 (a NAL unit type value left
unspecified in [H 264] and [ RFC6184]). A PACSI NAL unit MAY be
carried in a single NAL unit packet or an aggregation packet, and
MUST NOT be fragnented.

PACSI NAL units nay be used for the follow ng purposes:
0 To enable MANEs to decide whether to forward, process, or discard

aggregation packets, by checking in PACSI NAL units the
scalability informati on and ot her characteristics of the
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aggregated NAL units, rather than | ooking into the aggregated NAL
units thensel ves, which are defined by the video coding
speci fication;

o To enable correct decoding order recovery in MST using the N -C or
Nl - TC node, with the help of the CS-DON i nformation included in
PACSI NAL units; and

o To inprove resilience to packet |osses, e.g., by utilizing the
followi ng data or information included in PACSI NAL units:
repeat ed Suppl enental Enhancement |nformation (SEl) nessages,
informati on regarding the start and end of |ayer representations,
and the indices to |ayer representations of the | owest tenporal
subset .

PACSI NAL units MAY be ignored in the NI-T node w thout affecting the
decodi ng order recovery process.

When a PACSI NAL unit is present in an aggregation packet, the
followi ng applies.

0 The PACSI NAL unit MUST be the first aggregated NAL unit in the
aggregati on packet.

0 There MUST be at |east one additional aggregated NAL unit in the
aggregati on packet.

0 The RTP header fields and the payl oad header fields of the
aggregation packet are set as if the PACSI NAL unit was not
i ncluded in the aggregati on packet.

o |f the aggregation packet is an MIAP16, MIAP24, or N -MIAP with
the J field equal to 1, the decoding order nunber (DON) for the
PACSI NAL unit MJST be set to indicate that the PACSI NAL unit has
an identical DONto the first NAL unit in decoding order anong the
remai ning NAL units in the aggregation packet.

When a PACSI NAL unit is included in a single NAL unit packet, it is
associated with the next non-PACSI NAL unit in transm ssion order,
and the RTP header fields of the packet are set as if the next non-
PACSI NAL unit in transm ssion order was included in a single NAL
unit packet.

The PACSI NAL unit structure is as follows. The first four octets
are exactly the sane as the four-byte SVC NAL unit header discussed
in Section 1.1.3. They are followed by one octet containing severa
flags, then five optional octets, and finally zero or nore SEI NAL
units. Each SEI NAL unit is preceded by a 16-bit unsigned size field
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(in network byte order) that indicates the size of the follow ng NAL
unit in bytes (excluding these two octets, but including the NAL unit
header octet of the SEI NAL unit). Figure 3 illustrates the PACS
NAL unit structure and an exanple of a PACSI NAL unit containing two
SEI NAL units.

0 1 2 3
01234567890123456789012345678901
e T S s i S S e S T S S e
FINRI| Type | R PRI D I[N DD| QD | TID|UDJ RR
B i i S i s S ik i S S I S S
X Y| T|Al Pl Cl S|E] TLOPICIDX (0) | | DRPI CI D (0)
e T it T SR THp A ARSI R

DONC (0) | NAL unit size 1

+- +-

+

+

i i S i i S S it Sk M e
SEI NAL unit 1

+

B o T S e e Tk i i T S
| NAL unit size 2
T o T S S i T S 1 St S SEpr gt

SEI' NAL unit 2
B i e e R e e s

+

I

+

|

+

I

e e R R
I

I

I

I

I

+

I

I

I

I

R et i S S e o S
Figure 3. PACSI NAL unit structure. Fields suffixed by
"(o)" are OPTI ONAL.

The bits A, P, and C are specified only if the bit Xis equal to 1
The bits S and E are specified, and the fields TLOPI ClI DX and | DRPI Cl D
are present, only if the bit Yis equal to 1. The field DONCis
present only if the bit Tis equal to 1. The field T MUST be equa

to O if the PACSI NAL unit is contained in an STAP-B, MIAP16, MIAP24,
or NI-MIAP with the J field equal to 1

The val ues of the fields in PACSI NAL unit MJST be set as foll ows.

o The F bit MJST be set to 1 if the F bit in at |east one of the
remai ning NAL units in the aggregation packet is equal to 1 (when
the PACSI NAL unit is included in an aggregation packet) or if the
next non-PACSI NAL unit in transm ssion order has the F bit equa
to 1 (when the PACSI NAL unit is included in a single NAL unit
packet). Oherwise, the F bit MJST be set to O.
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o The NRI field MUST be set to the highest value of NRI field anong
all the remaining NAL units in the aggregation packet (when the
PACSI NAL unit is included in an aggregation packet) or the val ue
of the NRI field of the next non-PACSI NAL unit in transm ssion
order (when the PACSI NAL unit is included in a single NAL unit
packet).

o0 The Type field MJIST be set to 30.
0o The R bit MIST be set to 1. Receivers MIST ignore the value of R

0o The | bit MJUST be set to 1 if the |l bit of at |east one of the
remai ning NAL units in the aggregation packet is equal to 1 (when
the PACSI NAL unit is included in an aggregation packet) or if the
| bit of the next non-PACSI NAL unit in transnission order is
equal to 1 (when the PACSI NAL unit is included in a single NAL
unit packet). Oherwise, the | bit MJST be set to O.

o The PRID field MUST be set to the | owest value of the PRI D val ues
of the remaining NAL units in the aggregation packet (when the
PACSI NAL unit is included in an aggregation packet) or the PRID
val ue of the next non-PACSI NAL unit in transmi ssion order (when
the PACSI NAL unit is included in a single NAL unit packet).

0o The N bit MJST be set to 1 if the Nbit of all the remaining NAL
units in the aggregation packet is equal to 1 (when the PACSI NAL
unit is included in an aggregation packet) or if the N bit of the
next non-PACSI NAL unit in transm ssion order is equal to 1 (when
the PACSI NAL unit is included in a single NAL unit packet).

O herwi se, the N bit MJST be set to 0.

o The DID field MIST be set to the | owest value of the DID val ues of
the remaining NAL units in the aggregati on packet (when the PACS
NAL unit is included in an aggregati on packet) or the DI D val ue of
the next non-PACSI NAL unit in transm ssion order (when the PACS
NAL unit is included in a single NAL unit packet).

o The QD field MIST be set to the | owest value of the QD val ues of
the remaining NAL units with the | owest value of DIDin the
aggregati on packet (when the PACSI NAL unit is included in an
aggregation packet) or the QD value of the next non- PACSI NAL
unit in transm ssion order (when the PACSI NAL unit is included in
a single NAL unit packet).

o The TID field MIUST be set to the | owest value of the TID val ues of

the remaining NAL units with the | owest value of DID in the
aggregation packet (when the PACSI NAL unit is included in an
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aggregation packet) or the TID value of the next non- PACSI NAL
unit in transm ssion order (when the PACSI NAL unit is included in
a single NAL unit packet).

o The Ubit MIST be set to 1 if the Ubit of at |east one of the
remaining NAL units in the aggregation packet is equal to 1 (when
the PACSI NAL unit is included in an aggregation packet) or if the
U bit of the next non-PACSI NAL unit in transnission order is
equal to 1 (when the PACSI NAL unit is included in a single NAL
unit packet). Oherwise, the Ubit MJST be set to O.

o The D bit MJST be set to 1 if the D value of all the remaining NAL
units in the aggregation packet is equal to 1 (when the PACSI NAL
unit is included in an aggregation packet) or if the D bit of the
next non-PACSI NAL unit in transmission order is equal to 1 (when
the PACSI NAL unit is included in a single NAL unit packet).

O herwi se, the D bit MJST be set to O.

0 The Obit MJUST be set to 1 if the Obit of at |east one of the
remai ning NAL units in the aggregation packet is equal to 1 (when
the PACSI NAL unit is included in an aggregation packet) or if the
O bit of the next non-PACSI NAL unit in transnission order is
equal to 1 (when the PACSI NAL unit is included in a single NAL
unit packet). Oherwise, the Obit MJST be set to O.

o The RR field MIST be set to "11" (in binary form. Receivers MJST
i gnore the value of RR

o If the X bit is equal to 1, the bits A, P, and C are specified as
below. Oherwise, the bits A, P, and C are unspecified, and
receivers MJIST ignore the values of these bits. The X bit SHOULD
be identical for all the PACSI NAL units in all the RTP sessions
carrying the same SVC bitstream

o If the Y bit is equal to 1, the OPTIONAL fields TLOPI Cl DX and
| DRPI CI D MUST be present and specified as below, and the bits S
and E are al so specified as below Oherwi se, the fields
TLOPI CI DX and I DRPI CI D MUST NOT be present, while the S and E bits
are unspecified and receivers MJST ignore the values of these
bits. The Y bit MJIST be identical for all the PACSI NAL units in
all the RTP sessions carrying the same SVC bitstream The Y bit
MUST be equal to O when the paranmeter packetization-nbde is equa
to 2.

o If the T bit is equal to 1, the OPTIONAL field DONC MUST be
present and specified as below. Oherwise, the field DONC MJST
NOT be present. The field T MIUST be equal to O if the PACSI NAL
unit is contained in an STAP-B, MIAP16, MIAP24, or N - MTAP.
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0o The A bit MJST be set to 1 if at |east one of the renmining NAL
units in the aggregati on packet belongs to an anchor |ayer
representation (when the PACSI NAL unit is included in an
aggregation packet) or if the next non-PACSI NAL unit in
transm ssion order belongs to an anchor |ayer representation (when
the PACSI NAL unit is included in a single NAL unit packet).

O herwi se, the A bit MJST be set to O.

Informative note: The A bit indicates whether CGS or spatial |ayer
switching at a non-1DR | ayer representation (a |ayer
representation with nal _unit_type not equal to 5 and idr_flag not
equal to 1) can be perfornmed. Wth sone picture coding structures
a non-IDR intra layer representation can be used for random
access. Conpared to using only IDR |layer representations, higher
codi ng efficiency can be achieved. The H. 264/ AVC or SVC sol ution
to indicate the random accessibility of a non-IDR intra | ayer
representation is using a recovery point SEl nmessage. The A bit
offers direct access to this information, w thout having to parse
the recovery point SEI nessage, which may be buried deeply in an
SEI NAL unit. Furthernore, the SEI nmessage may or nay not be
present in the bitstream

o The P bit MIST be set to 1 if all the remaining NAL units in the
aggregati on packet have redundant pic_cnt greater than 0 (when the
PACSI NAL unit is included in an aggregation packet) or the next
non- PACSI NAL unit in transmi ssion order has redundant pic_cnt
greater than 0 (when the PACSI NAL unit is included in a single
NAL unit packet). Oherwise, the P bit MJST be set to O.

Informative note: The P bit indicates whether a packet can be

di scarded because it contains only redundant slice NAL units.
Wthout this bit, the corresponding information can be obtai ned
fromthe syntax el enent redundant _pic_cnt, which is contained in
the variabl e-1ength coded slice header.

0o The C bit MJST be set to 1 if at |east one of the renmining NAL
units in the aggregati on packet belongs to an intra | ayer
representation (when the PACSI NAL unit is included in an
aggregation packet) or if the next non-PACSI NAL unit in
transm ssion order belongs to an intra layer representation (when
the PACSI NAL unit is included in a single NAL unit packet).

O herwise, the Cbit MJST be set to O.

Informative note: The C bit indicates whether a packet contains

intra slices, which may be the only packets to be forwarded, e.g.
when the network conditions are particularly adverse.
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0o The S bit MJST be set to 1, if the first NAL unit follow ng the
PACSI NAL unit in an aggregation packet is the first VCL NAL unit,
in decoding order, of a layer representation (when the PACSI NAL
unit is included in an aggregation packet) or if the next non-
PACSI NAL unit in transm ssion order is the first VCL NAL unit, in
decodi ng order, of a layer representation(when the PACSI NAL unit
is included in a single NAL unit packet). Qherwise, the S bit
MJUST be set to O.

o The E bit MJST be set to 1, if the last NAL unit follow ng the
PACSI NAL unit in an aggregation packet is the last VCL NAL unit,
in decoding order, of a layer representation (when the PACSI NAL
unit is included in an aggregation packet) or if the next non-
PACSI NAL unit in transmission order is the last VCL NAL unit, in
decodi ng order, of a layer representation (when the PACSI NAL unit
is included in a single NAL unit packet). Qherwi se, the E bit
MUST be set to O.

Informative note: In an aggregation packet it is always possible
to detect the beginning or end of a |ayer representation by
detecting changes in the val ues of dependency_id, quality_id, and
tenporal _id in NAL unit headers, except fromthe first and | ast
NAL units of a packet. The S or E bits are used to provide this
information, for both single NAL unit and aggregati on packets, so
that previous or follow ng packets do not have to be exam ned.
This enabl es MANEs to detect slice | oss and take proper action
such as requesting a retransni ssion as soon as possible, as well
as to allow efficient playout buffer handling simlarly to the M
bit present in the RTP header. The Mbit in the RTP header stil

i ndi cates the end of an access unit, not the end of a |ayer
representation.

o When present, the TLOPICIDX field MUST be set to equal to
t10_dep_rep_idx as specified in Annex G of [H 264] for the |ayer
representation containing the first NAL unit follow ng the PACS
NAL unit in the aggregation packet (when the PACSI NAL unit is
i ncluded in an aggregation packet) or containing the nex