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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.

et al. St andards Track [ Page 11]



RFC 6190 RTP Payl oad Format for SVC May 2011

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

Wenger, et al. St andards Track [ Page 14]



RFC 6190 RTP Payl oad Format for SVC May 2011

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.

Wenger, et al. St andards Track [ Page 15]



RFC 6190 RTP Payl oad Format for SVC May 2011

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
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| 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
e i T T e S e e e e o e e e e af et S S e

NAL unit size | TS of f set |
e T I S S i i ai i S S i S e ok
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+
| |
| |
| |
| 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 next non-
PACSI NAL unit in transm ssion order (when the PACSI NAL unit is
included in a single NAL unit packet).

o When present, the IDRPICID field MIST be set to equal to
effective_ idr_pic_id as specified in Annex G of [H 264] for the
| ayer representation containing the first NAL unit follow ng the
PACSI NAL unit in the aggregati on packet (when the PACSI NAL unit
is included in an aggregati on packet) or containing the next non-
PACSI NAL unit in transm ssion order (when the PACSI NAL unit is
included in a single NAL unit packet).
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Informative note: The TLOPICIDX and IDRPICID fields enable the
detection of the |loss of layer representations in the nost

i mportant tenporal layer (with tenporal id equal to 0) by
receivers as well as MANEs. SVC provides a solution that uses SE
messages, which are harder to parse and may or may not be present
in the bitstream Wen the PACSI NAL unit is part of an N - MIAP
packet, it is possible to infer the correct val ues of

t10_dep rep_idx and idr_pic_id for all layer representations
contained in the NI-MAP by following the rules that specify how
these paraneters are set as given in Annex G of [H 264] and by
detecting the different |ayer representations contained in the N -
MTAP packet by detecting changes in the val ues of dependency id_,
quality id, and tenporal id in the NAL unit headers as well as
using the S and E flags. The only exception is if NAL units of an
IDR picture are present in the NI-MAP in a position other than
the first NAL unit followi ng the PACSI NAL unit, in which case the
val ue of idr_pic_id cannot be inferred. 1In this case the NAL unit
has to be partially parsed to obtain the idr_pic_id. Note that,
due to the large size of IDR pictures, their inclusion in an NI -
MIAP, and especially in a position other than the first NAL unit
followi ng the PACSI NAL unit, may be neither practical nor useful

0 \When present, the field DONC i ndicates the cross-session decodi ng
order nunber (CS-DON) for the first of the remaining NAL units in
t he aggregati on packet (when the PACSI NAL unit is included in an
aggregation packet) or the CS-DON of the next non-PACSI NAL unit
in transnission order (when the PACSI NAL unit is included in a
single NAL unit packet). CS-DON is further discussed in Section
4.11.

The PACSI NAL unit MAY include a subset of the SEI NAL units

associ ated with the access unit to which the first non-PACSI NAL unit
in the aggregati on packet bel ongs, and MJST NOT contain SEI NAL units
associ ated with any other access unit.

Informative note: |In H 264/ AVC and SVC, within each access unit,
SEI NAL units nust appear before any VCL NAL unit in decoding
order. Therefore, without using PACSI NAL units, SElI nessages are
typically only conveyed in the first of the packets carrying an
access unit. Senders may repeat SEI NAL units in PACSI NAL units,
so that they are repeated in nore than one packet and thus

i ncrease robustness agai nst packet |osses. Receivers may use the
repeated SEI nmessages in place of mssing SEI nessages.

For a PACSI NAL unit included in an aggregation packet, an SE
message SHOULD NOT be included in the PACSI NAL unit and al so
included in one of the remaining NAL units contained in the sane
aggregati on packet.
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4.

4.

4.

10. Enpty NAL unit

An enpty NAL unit MAY be included in a single NAL unit packet, an
STAP- A or an NI - MIAP packet. Enpty NAL units MJST have an RTP
timestanp (when transported in a single NAL unit packet) or NALU
tinme (when transported in an aggregati on packet) that is associated
with an access unit for which there exists at |east one NAL unit of
type 1, 5, or 20. Wen MST is used, the type 1, 5, or 20 NAL unit
may be in a different RTP session. Enpty NAL units may be used in

t he decodi ng order recovery process of the NI-T node as described in
Section 5.2.1.

The packet structure is shown in the follow ng figure.

R e o i Sl T S R SR
| FINRI|  Type | Subtype |J| KL
B il i S S S S S T S S

Figure 4. Enpty NAL unit structure.
The fields MUST be set as foll ows:

F MJUST be equal to O

NRI MJST be equal to 3
Type MJUST be equal to 31
Subt ype MJUST be equal to 1
J MJST be equal to O

K MJUST be equal to O

L MJUST be equal to O

11. Decodi ng Order Nunber (DON)

The DON concept is introduced in [RFC6184] and is used to recover the
decodi ng order when interleaving is used within a single session
Section 5.5 of [RFC6184] applies when using SST.

When using MST, it is necessary to recover the decodi ng order across
the various RTP sessions regardless if interleaving is used or not.
In addition to the tinestanp nechani sm described later, the CS-DON
mechani smis an extension of the DON facility that can be used for
this purpose, and is defined in the follow ng section

11.1. Cross-Session DON (CS-DON) for Miulti-Session Transm ssion

The cross-session decodi ng order nunber (CS-DON) is a nunber that
i ndi cates the decoding order of NAL units across all RTP sessions
involved in MST. It is simlar to the DON concept in [ RFC6184], but
contrary to [ RFC6184] where the DON was used only for interleaved
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packetization, in this nenpo it is used not only in the interl eaved
MST node (I-C) but also in two of the non-interleaved MST nodes (N -C
and NI -TO).

When the NI-C or NI-TC MST nodes are in use, the packetization of
each session MJST be as specified in Section 5.2.2. |In PACSI NAL
units the CS-DON value is explicitly coded in the field DONC. For
non- PACSI NAL units the CS-DON value is derived as follows. Let SN
i ndi cate the RTP sequence nunber of a packet.

o For each non-PACSI NAL unit carried in a session using the single
NAL unit session packetization node, the CS-DON val ue of the NAL
unit is equal to (DONC prev_PACSI + SN diff - 1) % 65536, wherein
"0 is the nmodul o operation, DONC prev_PACSI is the DONC val ue of
the previous PACSI NAL unit with the same NALU-tine as the current
NAL unit, and SN diff is calculated as foll ows:

if SNL > SN2, SN diff = SN1 - SN2
else SN diff = SN2 + 65536 - SN1

where SN1 and SN2 are the SNs of the current NAL unit and the
previ ous PACSI NAL unit with the same NALU-tinme, respectively.

0 For non-PACSI NAL units carried in a session using the non-
i nterl eaved session packetization node, the CS-DON val ue of each
non- PACSI NAL unit is derived as foll ows.

For a non-PACSI NAL unit in a single NAL unit packet, the
foll owi ng applies.

If the previous PACSI NAL unit is contained in a single NAL
unit packet, the CS-DON value of the NAL unit is calcul ated
as above;

otherw se (the previous PACSI NAL unit is contained in an
STAP- A packet), the CS-DON value of the NAL unit is

cal cul ated as above, with DONC prev_PACSI being replaced by
the CS-DON val ue of the previous non-PACSI NAL unit in
decodi ng order (i.e., the CS-DON value of the last NAL unit
of the STAP-A packet).

For a non-PACSI NAL unit in an STAP-A packet, the foll ow ng
appl i es.

If the non-PACSI NAL unit is the first non-PACSI NAL unit in

t he STAP- A packet, the CS-DON value of the NAL unit is equa
to DONC of the PACSI NAL unit in the STAP-A packet;
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otherwi se (the non-PACSI NAL unit is not the first non-
PACSI NAL unit in the STAP-A packet), the CS-DON val ue of
the NAL unit is equal to: (the CS-DON val ue of the previous
non- PACSI NAL unit in decoding order + 1) % 65536, wherein
"0 is the nodul o operation

For a non-PACSI NAL unit in a nunber of FU A packets, the CS-
DON val ue of the NAL unit is calculated the same way as when
the single NAL unit session packetization node is in use, with
SN1 being the SN val ue of the first FU A packet.

For a non-PACSI NAL unit in an N -MIAP packet, the CS-DON val ue
is equal to the value of the DON field of the non-interl eaved
mul ti-time aggregation unit.

When the |-C MST packetization nmode is in use, the DON val ues derived
according to [RFC6184] for all the NAL units in each of the RTP
sessions MJST indicate CS-DON val ues.

5. Packetization Rul es

Section 6 of [RFC6184] applies in this meno, with the foll ow ng
addi tions.

5.1. Packetization Rules for Single-Session Transm ssion

Al'l receivers MJST support the single NAL unit packetization node to
provi de backward conpatibility to endpoints supporting only the
single NAL unit node of [RFC6184]. However, the use of single NAL
unit packetization node (packetization-node equal to 0) SHOULD be
avoi ded whenever possibl e, because encapsulating NAL units of small
sizes in their own packets (e.g., small NAL units containing
paraneter sets, prefix NAL units, or SEl nmessages) is |less efficient
due to the packet header overhead.

Al'l receivers MJIST support the non-interleaved node.

Informative note: The non-interl eaved node of [ RFC6184] does all ow
an application to encapsulate a single NAL unit in a single RTP
packet. Historically, the single NAL unit node has been incl uded
in [RFC6184] only for conpatibility with ITUT Rec. H 241 Annex A
[H 241]. There is no point in carrying this historic ballast
towards a new application space such as the one provided with SVC
The inplenentati on conplexity increase for supporting the
addi ti onal nmechani sms of the non-interleaved node (nanely, STAP-A
and FU-A) is minor, whereas the benefits are significant. As a
result, the support of STAP-A and FU-A is required. Additionally,
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support for two of the three NAL unit types defined in this neno,
nanely, enpty NAL units and N -MIAP is needed, as specified in
Section 4.5. 1.

A NAL unit of small size SHOULD be encapsul ated in an aggregation
packet together with one or nore other NAL units. For exanple, non-
VCL NAL units such as access unit delimters, paraneter sets, or SE
NAL units are typically snmall

A prefix NAL unit and the NAL unit with which it is associated, and
which follows the prefix NAL unit in decoding order, SHOULD be
included in the sane aggregati on packet whenever an aggregation
packet is used for the associated NAL unit, unless this would violate
session MIU constraints or if fragnmentation units are used for the
associ ated NAL unit.

Informative note: Al though the prefix NAL unit is ignored by an
H. 264/ AVC decoder, it is necessary in the SVC decodi ng process.

G ven the small size of the prefix NAL unit, it is best if it is
transported in the sane RTP packet as its associated NAL unit.

When only an H. 264/ AVC conpati bl e subset of the SVC base layer is
transmitted in an RTP session, the subset MJUST be encapsul at ed
according to [RFC6184]. This way, an [RFC6184] receiver will be able
to receive the H 264/ AVC conpati bl e bitstream subset.

When a set of layers including one or nore SVC enhancenent |ayers is
transmitted in an RTP session, the set SHOULD be carried in one RTP
streamthat SHOULD be encapsul ated according to this neno.

5.2. Packetization Rules for Multi-Session Transmni ssi on

When MST is used, the packetization rules specified in Section 5.1
still apply. |In addition, the follow ng packetization rules MIST be
followed, to ensure that decoding order of NAL units carried in the
sessions can be correctly recovered for each of the MST packeti zation
nodes using the de-packetization process specified in Section 6. 2.

The NI-T and N -TC nodes both use tinmestanps to recover the decodi ng
order. In order to be able to do so, it is necessary for the RTP
packet streamto contain data for all sanpling instances of a given
RTP session in all enhancenent RTP sessions that depend on the given
RTP session. The NI-C and |-C nodes do not have this limtation, and
use the CS-DON values as a nmeans to explicitly indicate decoding
order, either directly coded in PACSI NAL units, or inferred from
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them usi ng the packetization rules. It is noted that the N -TC node
offers both alternatives and it is up to the receiver to select which
one to use.

5.2.1. Nl -T/ Nl - TC Packeti zati on Rul es

When using the NI-T node and a PACSI NAL unit is present, the T bit
MJUST be equal to 0, i.e., the DONC field MJUST NOT be present.

When using the NI -T node, the optional paraneters sprop-nst-renux-
buf - si ze, sprop-renux-buf-req, renux-buf-cap, sprop-renux-init-buf-
tinme, sprop-nst-nmax-don-di ff MJUST NOT be present.

Wien the NI-T or NI-TC MST node is in use, the follow ng applies.

If one or nore NAL units of an access unit of sanpling tine instance
t is present in RTP session A, then one or nore NAL units of the same
access unit MJST be present in any enhancenent RTP session that
depends on RTP session A

I nformati ve note: The mappi ng between RTP and NTP for nat

ti mestanps is conveyed in RTCP SR packets. |In addition, the
mechani sms for faster media tinestanp synchronization discussed in
[ RFC6051] nay be used to speed up the acquisition of the RTP-to-
wal | - cl ock mappi ng.

Informative note: The rule above may require the insertion of NAL
units, typically when tenporal scalability is used, i.e., an
enhancenment RTP session does not contain any NAL units for an
access unit with a particular NTP tinmestanp (nedia tinestanp),

whi ch, however, is present in a | ower enhancenent RTP session or
the base RTP session. There are two ways to insert additional NAL
units in order to satisfy this rule:

- One option for adding additional NAL units is to use enpty NAL
units (defined in Section 4.10), which can be used by the
process described in Section 6.2.1 for the access unit
reordering process.

- Additional NAL units may al so be added by the encoder itself,
for exanple, by transmitting coded data that sinply instruct the
decoder to repeat the previous picture. This option, however,
may be difficult to use with pre-encoded content.

If a packet nust be inserted in order to satisfy the above rule,
e.g., in case of a MANE generating nultiple RTP streams out of a
single RTP stream the inserted packet nust have an RTP tinmestanp
that maps to the sane wall-clock tine (in NTP fornmat) as the one of
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the RTP tinmestanp of any packet of the access unit present in any

| ower enhancenent RTP session or the base RTP session. This is easy
to acconplish if the NAL unit or the packet can be inserted at the
time of the RTP stream generation, since the nedia tinestanp (NTP

ti mestanp) nust be the same for the inserted packet and the packet of
the correspondi ng access unit. |If there is no know edge of the nedia
time at RTP stream generation or if the RTP streans are not generated
at the same instance, this can be also applied later in the

transm ssion process. In this case the NTP tinmestanp of the inserted
packet can be cal cul ated as foll ows.

Assunme that a packet A2 of an access unit with RTP tinestanp TS A2 is
present in base RTP session A, and that no packet of that access unit
is present in enhancenment RTP session B, as shown in Figure 5. Thus,
a packet B2 nust be inserted into session B followi ng the rule above.
The nost recent RTCP sender report in session A carries NIP tinmestanp
NTP_A and the RTP tinmestanp TS A. The sender report in session B
with a lower NTP tinmestanp than NTP_A is NTP_B, and carries the RTP
timestanp TS B.

RTP session B:..BO........ Bl........ (B2). .o

RTCP session B:..... SR(INTP_B, TS B). ...

RTP session A:..AO0........ Al........ A2,

RTCP session A ........ ... ....... SRINTP_A, TS A) . ..o

————————————————— D I B Gl I R
NTP time

-------------------- O T TS —
t1 t2 RTP TS(B) tine

Figure 5. Exanple calculation of RTP timestanp for packet
insertion in an enhancenent |ayer RTP session

The vertical bars ("|")in the NTP tine line in the figure above

i ndi cate that access unit data is present in at |east one of the
sessions. The "x" marks indicate the tinmes of the sender reports.
The RTP tinmestanp time line for session B, shown right bel ow the NTP
time line, indicates two tinme segnments, t1 and t2. t1 is the tine

di fference between the sender reports between the two sessions,
expressed in RTP tinestanp clock ticks, and t2 is the tine difference
fromthe session A sender report to the A2 packet, again expressed in
RTP timestanp clock ticks. The sumof these differences is added to
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the RTP tinestanp of the session report fromsession Bin order to
derive the correct RTP timestanp for the inserted packet B2. In
ot her words:

TS B2 =TS B +t1 + t2

Let toRTP() be a function that calculates the RTP tine difference (in
clock ticks of the used clock) given an NTP tinestanp difference, and
ef fRTPdi ff() be a function that calculates the effective difference
bet ween two timestanps, including w aparounds:

ef fRTPi ff( tsl, ts2 ):

if( tsl <=1ts2 ) then
ef f RTPdi ff := tsl-ts2
el se
ef fRTPDIi ff := (4294967296 + ts2) - tsl
W have:

tl = toRTP(NTP_A - NTP_B) and t2 = ef f RTPdi ff(TS_A2, TS_A)
Hence in order to generate the RTP tinmestanp TS B2 for the inserted
packet B2, the RTP timestanp for packet B2 TS B2 can be cal cul ated as
fol | ows.
TS B2 = TS B + toRTP(NTP_A - NTP_B) + effRTPdiff(TS_A2, TS A
5.2.2. N-C N-TC Packetization Rul es

When the NI-C or NI-TC MST node is in use, the follow ng applies for
each of the RTP sessions.

0 For each single NAL unit packet containing a non-PACSI NAL unit,
the previous packet, if present, MJST have the sanme RTP tinestanp
as the single NAL unit packet, and the follow ng applies.

o |If the NALU-tine of the non-PACSI NAL unit is not equal to the
NALU-time of the previous non-PACSI NAL unit in decoding order,
t he previ ous packet MJST contain a PACSI NAL unit containing
the DONC field.

0 In an STAP-A packet the first NAL unit in the STAP-A packet MJST
be a PACSI NAL unit containing the DONC fi el d.

o For an FU- A packet the previous packet MJST have the sanme RTP
ti mestanp as the FU- A packet, and the follow ng applies.
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o If the FU-A packet is the start of the fragnmented NAL unit, the
foll owi ng applies.

(0]

If the NALU-time of the fragnented NAL unit is not equal to
the NALU-tine of the previous non-PACSI NAL unit in decoding
order, the previous packet MJST contain a PACSI NAL unit
contai ning the DONC fi el d;

O herwi se, (the NALU-tinme of the fragmented NAL unit is
equal to the NALU-tinme of the previous non-PACSI NAL unit in
decodi ng order), the previous packet MAY contain a PACSI NAL
unit containing the DONC fi el d.

0 Oherwise, if the FU-A packet is the end of the fragnented NAL
unit, the follow ng applies.

(0]

If the next non-PACSI NAL unit in decoding order has NALU-
tinme equal to the NALU-tinme of the fragmented NAL unit, and
is carried in a nunber of FU A packets or a single NAL unit
packet, the next packet MJST be a single NAL unit packet
contai ning a PACSI NAL unit containing the DONC fi el d.

O herwi se (the FU-A packet is neither the start nor the end
of the fragmented NAL unit), the previous packet MJIST be a
FU- A packet.

For each single NAL unit packet containing a PACSI NAL unit, if
present, the PACSI NAL unit MJST contain the DONC field.

When the optional nedia type paraneter sprop-nst-csdon-al ways-
present is equal to 1, the session packetization node in use MJST
be the non-interl eaved node, and only STAP-A and NI - MTAP packets
can be used.

| -C Packetization Rul es

When the |-C MST packetization node is in use, the follow ng applies.

(o]

When a PACSI NAL unit is present, the T bit MJST be equal to O,

i.e.

to O,

the DONC field is not present, and the Y bit MJST be equal
i.e., the TLOPICIDX and IDRPICID are not present.

Packeti zation Rules for Non-VCL NAL Units

NAL units that do not directly encode video slices are known in H 264
as non-VCL NAL units. Non-VCL units that are only used by, or only
rel evant to, enhancenent RTP sessions SHOULD be sent in the | owest
session to which they are rel evant.
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Sonme senders, however, such as those sending pre-encoded data, may be
unable to easily determ ne which non-VCL units are relevant to which
session. Thus, non-VCL NAL units MAY, instead, be sent in a session
on whi ch the session using these non-VCL NAL units depends (e.g., the
base RTP session).

If a non-VCL unit is relevant to nore than one RTP session, neither
of whi ch depends on the other(s), the NAL unit MAY be sent in another
session on which all these sessions depend.

5.2.5. Packeti zation Rules for Prefix NAL Units

Section 5.1 of this neno applies, with the following addition. |If
the base layer is sent in a base RTP session using [ RFC6184], prefix
NAL units MAY be sent in the | owest enhancenent RTP session rather
than in the base RTP session

6. De-Packetization Process
6.1. De-Packetization Process for Single-Session Transm ssion

For single-session transnission, where a single RTP session is used,
t he de-packetization process specified in Section 7 of [ RFC6184]
appl i es.

6. 2. De-Packetization Process for Miulti-Session Transni ssion

For nmulti-session transn ssion, where nore than one RTP session is
used to receive data fromthe same SVC bitstream the de-
packetization process is specified as foll ows.

As for a single RTP session, the general concept behind the de-
packetization process is to reorder NAL units fromtransm ssion order
to the NAL unit decodi ng order.

The sessions to be received MIST be identified by nechanisns
specified in Section 7.2.3. An enhancenent RTP session typically
contains an RTP streamthat depends on at |east one other RTP
session, as indicated by nechanisns defined in Section 7.2.3. A

| oner RTP session to an enhancenent RTP session is an RTP session on
whi ch the enhancenent RTP session depends. The |owest RTP session
for a receiver is the base RTP session, which 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
received by the receiver depends.
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For each of the RTP sessions, the RTP reception process as specified
in RFC 3550 is applied. Then the received packets are passed into
t he payl oad de-packetization process as defined in this neno.

The decoding order of the NAL units carried in all the associated RTP
sessions is then recovered by applying one of the foll ow ng

subsecti ons, dependi ng on which of the MST packetization nodes is in
use.

6.2.1. Decoding Order Recovery for the NI-T and N -TC Mdes

The followi ng process MIST be applied when the NI -T packeti zation
node is in use. The follow ng process MAY be applied when the NI-TC
packetization node is in use.

The process is based on RTP session dependency signaling, RTP
sequence nunbers, and tinestanps.

The decodi ng order of NAL units within an RTP packet streamin RTP
session is given by the ordering of sequence nunbers SN of the RTP
packets that contain the NAL units, and the order of appearance of
NAL units within a packet.

Timng information according to the nedia tinestanp TS, i.e., the NIP
tinmestanp as derived fromthe RTP tinestanp of an RTP packet, is
associated with all NAL units contained in the same RTP packet
received in an RTP session

For NI - MTAP packets the NALU-tine is derived for each contai ned NAL
unit by using the "TS offset" value in the N -MAP packet as defined
in Section 4.10, and is used instead of the RTP packet tinmestanp to
derive the nedia tinestanp, e.g., using the NTP wall clock as

provi ded via RTCP sender reports. NAL units contained in
fragmentati on packets are handl ed as defragnmented, entire NAL units
with their own nedia tinestanps. All NAL units associated with the
sanme value of nedia tinestanp TS are part of the sane access unit
AU(TS). Any enpty NAL units SHOULD be kept as, effectively, access
unit indicators in the reordering process. Enpty NAL units and PACS
NAL units SHOULD be renoved before passing access unit data to the
decoder.

Informative note: These enpty NAL units are used to associ ate NAL
units present in other RTP sessions with RTP sessions not

contai ning any data for an access unit of a particular tine

i nstance. They act as access unit indicators in sessions that
woul d ot herwi se contain no data for the particular access unit.
The presence of these NAL units is ensured by the packetization
rules in Section 5.2.1.
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It is assuned that the receiver has established an operation point
(DD, Q D, and TID values), and has identified the highest
enhancenent RTP session for this operation point. The decoding order
of NAL units frommultiple RTP streams in multiple RTP sessions MJST
be recovered into a single sequence of NAL units, grouped into access
units, by performing any process equivalent to the follow ng steps.
The general process is described in Section 4.2 of [RFC6051]. For
conveni ence the instructions of [ RFC6051] are repeated and applied to
NAL units rather than to full RTP packets. Additionally, SVC
specific extensions to the procedure in Section 4.2. of [RFC6051]
are presented in the following list:

0 The process should be started with the NAL units received in
t he highest RTP session with the first nmedia timestanp TS (in
NTP format) available in the session’s (de-jittering) buffer
It is assuned that packets in the de-jittering buffer are
al ready stored in RTP sequence nunber order

0 Collect all NAL units associated with the sane val ue of nedi a
timestanp TS, starting fromthe hi ghest RTP session, from al
the (de-jittering) buffers of the received RTP sessions. The
collected NAL units will be those associated with the access
unit AUTS)

0 Place the collected NAL units in the order of session
dependency as derived by the dependency indication as specified
in Section 7.2.3, starting fromthe | owest RTP session

o0 Place the session ordered NAL units in decoding order within
the particular access unit by satisfying the NAL unit ordering
rules for SVC access units, as described in the informative
al gorithmprovided in Section 6.2.1. 1.

0 Renmove NI -MIAP and any PACSI NAL units fromthe access unit
AYTS) .

0 The access units can then be transferred to the decoder
Access units AU(TS) are transferred to the decoder in the order
of appearance (given by the order of RTP sequence nunbers) of
medi a timestanp values TS in the hi ghest RTP session associ at ed
with access unit AU(TS)

Informative note: Due to packet loss it is possible that not
all sessions may have NAL units present for the nedia

ti mestanp value TS present in the highest RTP session. In
such a case, an algorithmmay: a) proceed to the next

compl ete access unit with NAL units present in all the

recei ved RTP sessions; or b) consider a new hi ghest RTP
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session, the highest RTP session for which the access unit
is conplete, and apply the process above. The al gorithm nmay
return to the original highest RTP session when a conplete
and error-free access unit that contains NAL units in all
the sessions is received.

The following gives an infornmative exanpl e.

The exanple shown in Figure 6 refers to three RTP sessions A B, and
C containing an SVC bitstreamtransnmitted as 3 sources. |In the
exanpl e, the dependency signaling (described in Section 7.2.3)

i ndicates that session Ais the base RTP session, Bis the first
enhancenent RTP session and depends on A, and Cis the second
enhancenent RTP session and depends on A and B. A hierarchica

pi cture coding prediction structure is used, in which session A has
the I owest frame rate and sessions B and C have the sane but higher
frane rate.

The figure shows NAL units contained in RTP packets that are stored
in the de-jittering buffer at the receiver for session de-
packetization. The NAL units are already reordered according to
their RTP sequence nunber order and, if within an aggregation packet,
according to the order of their appearance within the aggregation
packet. The figure indicates for the received NAL units the decodi ng
order within the sessions, as well as the associated nedia (NTP)
timestanps ("TS[..]"). NAL units of the sane access unit within a
session are grouped by "(.,.)" and share the sane nmedia tinmestanp TS,
which is shown at the bottomof the figure. Note that the tinmestanps
are not in increasing order since, in this exanple, the decoding
order is different fromthe output/display order

The process first proceeds to the NAL units associated with the first
media timestanp TS[1] present in the highest session C and
renoves/ignores all preceding (in decoding order) NAL units to NAL
units with TS[1] in each of the de-jittering buffers of RTP sessions
A, B, and C. Then, starting fromsession C, the first nedia
timestanp available in decoding order (TS[1]) is selected and NAL
units starting from RTP session A and sessions B and C are placed in
order of the RTP session dependency as required by Section 7.2.3 of
this meno (in the exanple for TS[1]: first session B and then session
C) into the access unit AU(TS[1l]) associated with nmedia tinmestanp
TS[1]. Then the next nedia timestanp TS[3] in order of appearance in
the hi ghest RTP session Cis processed and the process descri bed
above is repeated. Note that there may be access units with no NAL
units present, e.g., in the | owest RTP session A (see, e.g., T91]).
Wth TS[8], the first access unit with NAL units present in all the
RTP sessions appears in the buffers.

Wenger, et al. St andards Track [ Page 54]



RFC 6190 RTP Payl oad Format for SVC May 2011

(o (1,2)-(3,4)--(5)---(6)---(7,8)(9,10)-(11)--(12)----
| | | | | | |

| | |
B: -(1,2)-(3,4)-(5)---(6)--(7,8)-(9,10)-(11)-(12)-- (13, 14) (15, 15) -
| |

A eeen- S REPEERERPREPERE (2)---(3) == rmmmemeeen (4)----(5)----

——————————————————————————————————————————————————— decodi ng order-->

s[4 (2] [1] (3] (8] [e]l [5] [7]1 [12] [10]

Key:

A B C - RTP sessions

Integer values in "()" - NAL unit decoding order within RTP session

()" - groups the NAL units of an access unit
in an RTP session

" - indicates corresponding NAL units of the
same access unit AUTS[..]) in the RTP
sessi ons

Integer values in "[]" - nedia tinestanp TS, sanpling tine

as derived, e.g., from NTP tinestanp

associ ated with the access unit AYWTS[..]),
consisting of NAL units in the sessions
above each TS val ue.

Figure 6. Exanple of decoding order recovery in nulti-source
transm ssi on.

6.2.1.1. Informative Algorithmfor N -T Decoding Order Recovery within
an Access Unit

Wthin an access unit, the [H 264] specification (Sections 7.4.1.2.3
and G 7.4.1.2.3) constrains the valid decoding order of NAL units

These constraints make it possible to reconstruct a valid decodi ng
order for the NAL units of an access unit based only on the order of
NAL units in each session, the NAL unit headers, and Suppl enenta
Enhancenent | nfornation nessage headers.

This section specifies an informative algorithmto reconstruct a
valid decoding order for NAL units within an access unit. Oher NAL
unit orderings may al so be valid; however, any conpliant NAL unit
ordering will describe the same video stream and ancillary data as
the one produced by this algorithm

An actual inplenentation, of course, needs only to behave "as if"

this reordering is done. In particular, NAL units that are discarded
by an inplenmentation’s decoding process do not need to be reordered.
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In this algorithm NAL units within an access unit are first ordered
by NAL unit type, in the order specified in Table 12 bel ow, except
fromNAL unit type 14, which is handl ed specially as described in the
table. NAL units of the sane type are then ordered as specified for
the type, if necessary.

For the purposes of this algorithm "session order" is the order of
NAL units inplied by their transm ssion order within an RTP session
For the non-interleaved and single NAL unit nodes, this is the RTP
sequence nunber order coupled with the order of NAL units within an
aggregation unit.

Table 12. O-dering of NAL unit types within an Access Unit

Type Description / Comrents

9 Access unit delimter

7 Sequence paraneter set

13 Sequence paraneter set extension
15 Subset sequence paraneter set

8 Picture paraneter set

16-18 Reserved

6 Suppl enent al enhancenent information (SEl)
If an SEI nessage with a first payload of 0 (Buffering
Period) is present, it nust be the first SEI nessage.

If SEI messages with a Scal abl e Nesting (30) payl oad and
a nested payload of 0 (Buffering Period) are present,
these then follow the first SEI nessage. Such an SE
message with the all _|ayer representations_in_au flag
equal to 1 is placed first, foll owed by any ot hers,
sorted in increasing order of DQ d.

Al'l other SEI nessages follow in any order.

14 Prefix NAL unit in scal abl e extension
1 Coded slice of a non-I1DR picture
5 Coded slice of an IDR picture
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NAL units of type 1 or 5 will be sent within only a
singl e session for any given access unit. They are

pl aced in session order. (Note: Any given access unit
will contain only NAL units of type 1 or type 5, not
bot h.)

If NAL units of type 14 are present, every NAL unit of
type 1 or 5 is prefixed by a NAL unit of type 14. (Note:
Wthin an access unit, every NAL unit of type 14 is
identical, so correlation of type 14 NAL units with the
other NAL units is not necessary.)

12 Filler data
The only restriction of filler data NAL units within an
access unit is that they shall not precede the first VCL

NAL unit with the same access unit.

19 Coded slice of an auxiliary coded picture wthout
partitioning

These NAL units will be sent within only a single
session for any given access unit, and are placed in
sessi on order.

20 Coded slice in scal abl e extension
21- 23 Reserved

Type 20 NAL units are placed in increasing order of DQ d.
Wthin each DQ d value, they are placed in session order

(Note: SVC slices with a given DQ d value will be sent
within only a single session for any given access unit.)

Type 21-23 NAL units are placed i medi ately foll ow ng
the non-reserved-type VCL NAL unit they followin
sessi on order.
10 End of sequence
11 End of stream
6.2.2. Decoding Order Recovery for the NI-C, NI-TC, and |-C Mdes
The foll owi ng process MIUST be used when either the NI-C or |-C MST

packetization node is in use. The follow ng process MAY be applied
when the NI -TC MST packetization node is in use.
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The RTP packets output fromthe RTP-1evel reception processing for
each session are placed into a re-nultiplexing buffer

It is RECOWENDED to set the size of the re-nultiplexing buffer (in
bytes) equal to or greater than the value of the sprop-renux-buf-req
medi a type paraneter of the highest RTP session the receiver
receives.

The CS-DON value is calculated and stored for each NAL unit.

Informative note: The CS-DON value of a NAL unit may rely on
information carried in another packet than the packet containing
the NAL unit. This happens, e.g., when the CS-DON val ues need to
be derived for non-PACSI NAL units contained in single NAL unit
packets, as the single NAL unit packets thensel ves do not contain
CS-DON i nformation. In this case, when no packet contai ning
required CS-DON information is received for a NAL unit, this NAL
unit has to be discarded by the receiver as it cannot be fed to
the decoder in the correct order. Wen the optional nedia type
par anet er sprop-nst-csdon-al ways-present is equal to 1, no such
dependency exists, i.e., the CS-DON value of any particul ar NAL
unit can be derived solely according to information in the packet
containing the NAL unit, and therefore, the receiver does not need
to discard any received NAL units.

The receiver operation is described below with the help of the
followi ng functions and constants:

0 Function AbsDON is specified in Section 8.1 of [RFC6184].
0o Function don diff is specified in Section 5.5 of [RFC6184].

0 Constant Nis the value of the OPTI ONAL sprop-nst-renux-buf-size
medi a type paraneter of the highest RTP session increnmented by 1

Initial buffering lasts until one of the follow ng conditions is
fulfilled:

0 There are N or nore VCL NAL units in the re-nultiplexing buffer

o |If sprop-nst-max-don-diff of the highest RTP session is present,
don diff(mn) is greater than the val ue of sprop-nst-max-don-diff
of the highest RTP session, where n corresponds to the NAL unit
havi ng the greatest value of AbsDON anong the received NAL units
and m corresponds to the NAL unit having the snallest val ue of
AbsDON anong the received NAL units.
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o Initial buffering has lasted for the duration equal to or greater
than the value of the OPTIONAL sprop-renmux-init-buf-tinme nmedia
type paraneter of the highest RTP session

The NAL units to be renobved fromthe re-nultiplexing buffer are
deternined as foll ows:

o If the re-multiplexing buffer contains at |least N VCL NAL units,
NAL units are renoved fromthe re-nultiplexing buffer and passed
to the decoder in the order specified below until the buffer
contains N-1 VCL NAL units.

o |f sprop-nst-max-don-diff of the highest RTP session is present,
all NAL units mfor which don_ diff(mn) is greater than sprop-
max- don-di ff of the hi ghest RTP session are renoved fromthe re-
mul ti pl exi ng buffer and passed to the decoder in the order
specified below. Herein, n corresponds to the NAL unit having the
great est val ue of AbsDON anong the NAL units in the re-
mul ti pl exi ng buffer.

The order in which NAL units are passed to the decoder is specified
as follows:

0 Let PDON be a variable that is initialized to 0 at the beginning
of the RTP sessions.

0 For each NAL unit associated with a value of CS-DON, a CS-DON
distance is calculated as follows. |If the value of CS-DON of the
NAL unit is larger than the value of PDON, the CS-DON distance is
equal to CS-DON - PDON. O herwi se, the CS-DON di stance i s equa
to 65535 - PDON + CS-DON + 1.

0 NAL units are delivered to the decoder in increasing order of CS-
DON di stance. |If several NAL units share the same val ue of CS-
DON di stance, they can be passed to the decoder in any order.

0 Wien a desired nunber of NAL units have been passed to the
decoder, the value of PDON is set to the value of CS-DON for the
I ast NAL unit passed to the decoder

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 of the
bitstream The paraneters are specified here as part of the nedia
type registration for the SVC codec. A nmapping of the paraneters
into the Session Description Protocol (SDP) [RFC4566] is al so
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provi ded for applications that use SDP. Equival ent paraneters could
be defined el sewhere for use with control protocols that do not use
SDP.

Some paraneters provide a receiver with the properties of the stream
that will be sent. The nanes of all these paraneters start with
"sprop" for stream properties. Sone of these "sprop" paraneters are
limted by other payload or codec configuration paraneters. For
exanpl e, the sprop-paranmeter-sets paraneter is constrained by the
profile-level-id paranmeter. The nedia sender selects all "sprop"
paraneters rather than the receiver. This uncommon characteristic of
the "sprop" paraneters may be inconpatible with sone signaling
protocol concepts, in which case the use of these paraneters SHOULD
be avoi ded.

7.1. Media Type Registration

The nmedi a subtype for the SVC codec has been allocated fromthe | ETF
tree.

The receiver MJST ignore any unspecified paraneter

Informative note: Requiring that the receiver ignore unspecified
paraneters allows for backward conpatibility of future extensions.
For exanple, if a future specification that is backward conpatible
to this specification specifies some new paraneters, then a
receiver according to this specification is capable of receiving
data per the new payl oad but ignoring those paraneters newy
specified in the new payl oad specification. This provision is

al so present in [RFC6184].

Medi a Type nane: vi deo

Medi a subtype nane: H264-SVC

Requi red paraneters: none

OPTI ONAL par anet ers:
In the followi ng definitions of parameters, "the stream or "the
NAL unit streanmt refers to all NAL units conveyed in the current
RTP session in SST, and all NAL units conveyed in the current RTP

session and all NAL units conveyed in other RTP sessions that the
current RTP session depends on in MST
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profile-level-id:
A basel6 [ RFC4648] (hexadecinal) representation of the
following three bytes in the sequence paraneter set or subset
sequence paraneter set NAL unit specified in [H 264]: 1)
profile_idc; 2) a byte herein referred to as profile-iop
conposed of the values of constraint_setO flag,
constraint_setl flag, constraint_set2 flag,
constraint_set3 flag, constraint_set4 flag,
constraint_set5 flag, and reserved_zero 2bits, in bit-
significance order, starting fromthe nost-significant bit, and
3) level idc. Note that reserved_zero_2bits is required to be
equal to O in [H 264], but other values for it nmay be specified
inthe future by ITUT or |1SQOIEC

The profile-level-id paraneter indicates the default sub-
profile, i.e., the subset of coding tools that may have been
used to generate the streamor that the receiver supports, and
the default level of the streamor the one that the receiver
supports.

The default sub-profile is indicated collectively by the
profile_idc byte and sone fields in the profile-iop byte.
Dependi ng on the values of the fields in the profile-iop byte,
the default sub-profile may be the sane set of coding tools
supported by one profile, or a conmon subset of coding tools of
multiple profiles, as specified in Subsection G 7.4.2.1.1 of

[H 264]. The default level is indicated by the level _idc byte,
and, when profile_idc is equal to 66, 77, or 88 (the Baseline,
Mai n, or Extended profile) and level _idc is equal to 11
additionally by bit 4 (constraint_set3 flag) of the profile-iop
byte. Wen profile_idc is equal to 66, 77, or 88 (the
Baseline, Main, or Extended profile) and level _idc is equal to
11, and bit 4 (constraint_set3 flag) of the profile-iop byte is
equal to 1, the default level is Level 1b

Table 13 lists all profiles defined in Annexes A and G of

[H 264] and, for each of the profiles, the possible

conbi nations of profile_idc and profile-iop that represent the
sanme sub-profile.

Tabl e 13. Conbi nations of profile_idc and profile-iop
representing the sane sub-profile corresponding to the full set
of coding tools supported by one profile. In the follow ng, x
may be either 0 or 1, while the profile names are indicated as
follows. CB: Constrained Baseline profile, B: Baseline
profile, M Min profile, Ei Extended profile, H H gh profile,
H10: Hi gh 10 profile, H42: Hi gh 4:2:2 profile, H44: Hgh 4:4:4
Predictive profile, HLOI: H gh 10 Intra profile, H42l: High
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4:2:2 Intra profile, H44l: High 4:4:4 Intra profile, C44l:
CAVLC 4:4:4 Intra profile, SB:. Scal able Baseline profile, SH
Scal abl e Hi gh profile, and SH: Scal able High Intra profile.

Profile profile_idc profile-iop
(hexadeci mal ) (bi nary)

CB 42 (B) x1xx0000
same as: 4D (M 1xxx0000
same as: 58 (B 11xx0000

B 42 (B) x0xx0000
sanme as: 58 (E) 10xx0000
M 4D (M 0x0x0000
E 58 00xx0000
H 64 00000000
H10 6E 00000000
H42 TA 00000000
H44 F4 00000000
H10l 6E 00010000
HA421 T7A 00010000
H441 F4 00010000
C44| 2C 00010000
SB 53 x0000000
SH 56 0x000000
SHI 56 0x010000

For exanple, in the table above, profile_idc equal to 58
(Extended) with profile-iop equal to 11xx0000 i ndicates the
same sub-profile corresponding to profile_idc equal to 42
(Baseline) with profile-iop equal to x1xx0000. Note that other
conbi nations of profile_idc and profile-iop (not listed in
Tabl e 13) may represent a sub-profile equivalent to the conmon
subset of coding tools for nore than one profile. Note also
that a decoder conformng to a certain profile my be able to
decode bitstreanms conformng to other profiles

If profile-level-id is used to indicate stream properties, it

i ndicates that, to decode the stream the mi ni mum subset of
coding tools a decoder has to support is the default sub-
profile, and the | owest |evel the decoder has to support is the
default |evel

If the profile-level-id paranmeter is used for capability
exchange or session setup, it indicates the subset of coding
tools, which is equal to the default sub-profile, that the
codec supports for both receiving and sending. |If max-recv-

| evel is not present, the default |evel fromprofile-level-id
i ndi cates the highest |level the codec wi shes to support. If
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max-recv-level is present, it 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.

Informative note: Capability exchange and session setup
procedures should provide neans to list the capabilities for
each supported sub-profile separately. For exanple, the
one- of -N codec sel ection procedure of the SDP O f er/ Answer
nmodel can be used (Section 10.2 of [RFC3264]). The one-of-N
codec sel ection procedure may al so be used to provide

di fferent conbinations of profile_idc and profile-iop that
represent the sane sub-profile. Wen there are nany

di fferent conbinations of profile_idc and profile-iop that
represent the same sub-profile, using the one-of-N codec

sel ection procedure may result in a fairly | arge SDP
message. Therefore, a receiver should understand the

di fferent equival ent conbinations of profile_idc and
profile-iop that represent the sane sub-profile, and be
ready to accept an offer using any of the equival ent

conbi nati ons.

If no profile-level-id is present, the Baseline Profile wthout
additional constraints at Level 1 MJST be inplied.

max-recv-1| evel
Thi s paraneter MAY be used to indicate the highest level a
recei ver supports when the highest level is higher than the
default level (the level indicated by profile-level-id). The
val ue of max-recv-level is a basel6 (hexadeci nal)
representation of the two bytes after the syntax el enent
profile_idc in the sequence paraneter set NAL unit specified in
[H 264]: profile-iop (as defined above) and level _idc. If (the
| evel _idc byte of max-recv-level is equal to 11 and bit 4 of
the profile-iop byte of nmax-recv-level is equal to 1) or (the
| evel idc byte of nmax-recv-level is equal to 9 and bit 4 of the
profile-iop byte of max-recv-level is equal to 0), the highest
| evel the receiver supports is Level 1b. OQherw se, the
hi ghest | evel the receiver supports is equal to the level _idc
byte of max-recv-1level divided by 10.

max-recv-level MJUST NOT be present if the highest |evel the
recei ver supports is not higher than the default |evel

max-recv-base-| evel
Thi s paranmeter MAY be used to indicate the highest level a
recei ver supports for the base | ayer when negotiating an SVC
stream The val ue of nmax-recv-base-level is a basel6
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(hexadeci mal ) representation of the two bytes after the syntax
element profile_idc in the sequence paranmeter set NAL unit
specified in [H 264]: profile-iop (as defined above) and

level idc. If (the level _idc byte of max-recv-level is equa
to 11 and bit 4 of the profile-iop byte of max-recv-level is
equal to 1) or (the level idc byte of nax-recv-level is equa
to 9 and bit 4 of the profile-iop byte of max-recv-level is
equal to 0), the highest |evel the receiver supports for the
base layer is Level 1b. Otherw se, the highest level the

recei ver supports for the base layer is equal to the level _idc
byte of max-recv-level divided by 10.

max- nbps, nax-fs, nax-cpb, max-dpb, and max-br:

The conmon properties of these paraneters are specified in
[ RFC6184] .

max- nbps: This paraneter is as specified in [ RFC6184].

max-fs: This paraneter is as specified in [ RFC6184].

max- cpb: The val ue of max-cpb is an integer indicating the maxi num

Wenger ,

coded picture buffer size in units of 1000 bits for the VCL HRD
paraneters and in units of 1200 bits for the NAL HRD
paraneters. Note that this paraneter does not use units of
cpbBr Vcl Fact or and cpbBr NALFactor (see Table A-1 of [H. 264]).
The max-cpb paranmeter signals that the receiver has nore nenory
than the mi ni mum amount of coded picture buffer nmenory required
by the signal ed highest |evel conveyed in the value of the
profile-level-id parameter or the max-recv-|evel paraneter.
When max-cpb is signaled, the receiver MIJST be able to decode
NAL unit streans that conformto the signal ed highest |evel
with the exception that the MaxCPB value in Table A-1 of

[H 264] for the signaled highest level is replaced with the

val ue of max-cpb (after taking cpbBrVcl Factor and

cpbBr NALFact or into consideration when needed). The val ue of
max- cpb (after taking cpbBrVcl Factor and cpbBrNALFactor into
consi derati on when needed) MUST be greater than or equal to the
val ue of MaxCPB given in Table A-1 of [H 264] for the highest

I evel . Senders MAY use this know edge to construct coded video
streams with greater variation of bitrate than can be achi eved
with the MaxCPB value in Table A-1 of [H. 264].
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Informative note: The coded picture buffer is used in the
Hypot heti cal Reference Decoder (HRD, Annex C) of [H 264].
The use of the HRD is recommended in SVC encoders to verify
that the produced bitstreamconforns to the standard and to
control the output bitrate. Thus, the coded picture buffer
is conceptual ly i ndependent of any other potential buffers
in the receiver, including de-interleaving, re-multiplexing,
and de-jitter buffers. The coded picture buffer need not be
i mpl emented in decoders as specified in Annex C of [H. 264];
st andar d- conpli ant decoders can have any buffering
arrangenents provided that they can decode standard-
conpliant bitstreans. Thus, in practice, the input buffer
for video decoder can be integrated with the de-
interleaving, re-multiplexing, and de-jitter buffers of the
receiver.

max- dpb: This paranmeter is as specified in [ RFC6184].

max- br: The val ue of max-br is an integer indicating the naxinmum

Wenger ,

video bitrate in units of 1000 bits per second for the VCL HRD
paraneters and in units of 1200 bits per second for the NAL HRD
paraneters. Note that this paraneter does not use units of
cpbBr Vcl Fact or and cpbBr NALFactor (see Table A-1 of [H. 264]).

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 signal ed highest |evel conveyed in the val ue
of the profile-level-id paraneter or the max-recv-1|eve

par anet er .

When max-br is signaled, the video codec of the receiver MJST
be able to decode NAL unit streanms that conformto the signal ed
hi ghest level, with the follow ng exceptions in the linits
specified by the highest |evel

o The value of max-br (after taking cpbBrVcl Factor and
cpbBr NALFact or i nto consideration when needed) replaces the
MaxBR val ue in Table A-1 of [H 264] for the highest |evel

0 \When the max-cpb paranmeter is not present, the result of the
followi ng formula replaces the value of MaxCPB in Table A-1
of [H. 264]: (MaxCPB of the signaled level) * max-br / (MaxBR
of the signal ed highest |evel).

For exanple, if a receiver signals capability for Main profile
Level 1.2 with max-br equal to 1550, this indicates a maxi num
video bitrate of 1550 kbits/sec for VCL HRD paraneters, a
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maxi mum vi deo bitrate of 1860 kbits/sec for NAL HRD paraneters
and a CPB size of 4036458 bits (1550000 / 384000 * 1000 *
1000) .

The val ue of max-br (after taking cpbBrVcl Factor and

cpbBr NALFact or i nto considerati on when needed) MJST be greater
than or equal to the value MaxBR given in Table A-1 of [H. 264]
for the signal ed highest |evel

Senders MAY use this know edge to send higher-bitrate video as
allowed in the I evel definition of SVC, to achieve inproved
video quality.

Informative note: This paranmeter was added primarily to
conpl enent a simlar codepoint in the | TU-T Reconmendati on
H. 245, so as to facilitate signaling gateway designs. No
assunption can be nmade fromthe value of this paraneter that
the network is capabl e of handling such bitrates at any
given tinme. |In particular, no conclusion can be drawn that
the signaled bitrate is possible under congestion contro
constraints.

dundant - pi c- cap:
This paraneter is as specified in [ RFC6184].

rop- paraneter-sets:

Thi s paraneter MAY be used to convey any sequence paraneter

set, subset sequence paraneter set, and picture paraneter set
NAL units (herein referred to as the initial paranmeter set NAL
units) that can be placed in the NAL unit streamto precede any
other NAL units in decoding order and that are associated with
the default level of profile-level-id. The parameter MJST NOT
be used to indicate codec capability in any capability exchange
procedure. The value of the paraneter is a comma (',’)
separated |list of base64 [ RFC4648] representations of the
paraneter set NAL units as specified in Sections 7.3.2.1,
7.3.2.2, and G 7.3.2.1 of [H. 264]. Note that the nunber of
bytes in a paraneter set NAL unit is typically less than 10,

but a picture paraneter set NAL unit can contain severa

hundr eds of bytes.

Informative note: Wen several payload types are offered in
the SDP O fer/ Answer nodel, each with its own sprop-
paraneter-sets paraneter, then the receiver cannot assume
that those paraneter sets do not use conflicting storage

| ocations (i.e., identical values of paraneter set
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identifiers). Therefore, a receiver should buffer al
sprop- paraneter-sets and make them avail able to the decoder
i nstance that decodes a certain payload type

sprop-| evel - par anet er - set s:
This paraneter MAY be used to convey any sequence, subset
sequence, and picture paraneter set NAL units (herein referred
to as the initial paraneter set NAL units) that can be placed
in the NAL unit streamto precede any other NAL units in
decodi ng order and that are associated with one or nore |evels
different than the default |evel of profile-level-id. The
paraneter MUST NOT be used to indicate codec capability in any
capabi l ity exchange procedure.

The sprop-1evel -paraneter-sets paraneter contains paraneter
sets for one or nore levels that are different than the default
level. Al parameter sets targeted for use when one |evel of
the default sub-profile is accepted by a receiver are clustered
and prefixed with a three-byte field that has the sane syntax
as profile-level-id. This enables the receiver to install the
paraneter sets for the accepted level and discard the rest.

The three-byte field is named PLId, and all paraneter sets
associated with one level are named PSL, which has the same
syntax as sprop-paraneter-sets. Paraneter sets for each | eve
are represented in the formof PLId:PSL, i.e., PLId followed by
a colon (':') and the base64 [ RFC4648] representation of the
initial parameter set NAL units for the level. Each pair of
PLId: PSL is al so separated by a colon. Note that a PSL can
contain nmultiple paraneter sets for that |evel, separated with
commas (',').

The subset of coding tools indicated by each PLId field MJST be
equal to the default sub-profile, and the level indicated by
each PLId field MIUST be different than the default |evel

Informative note: This paranmeter allows for efficient |eve
downgrade or upgrade in SDP O fer/Answer and out - of - band
transport of parameter sets, simultaneously.

i n- band- paraneter-sets

This paranmeter MAY be used to indicate a receiver capability.
The val ue MAY be equal to either 0 or 1. The value 1 indicates
that the receiver discards out-of-band paranmeter sets in sprop-
paraneter-sets and sprop-|evel -paraneter-sets, therefore the
sender MJST transnmit all paraneter sets in-band. The value 0

i ndicates that the receiver utilizes out-of-band paraneter sets
i ncluded in sprop-paraneter-sets and/or sprop-|evel -paraneter-
sets. However, in this case, the sender MAY still choose to
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send paraneter sets in-band. Wen the paraneter is not
present, this receiver capability is not specified, and
therefore the sender MAY send out-of -band paraneter sets only,
or it MAY send in-band-paraneter-sets only, or it MAY send

bot h.

packeti zati on- node:

This paraneter is as specified in [RFC6184]. When the mnst-node
paraneter is present, the value of this paraneter is

additionally constrained as follows. |If nst-node is equal to
"NI-T", "NI-C', or "NI-TC", packetization-node MJST NOT be
equal to 2. Oherwise, (nst-node is equal to "I-C"),

packeti zati on- node MJUST be equal to 2.

sprop-interl eavi ng-dept h:

This paraneter is as specified in [ RFC6184].

sprop-dei nt - buf-req

This paranmeter is as specified in [ RFC6184].

dei nt - buf - cap:

This paraneter is as specified in [ RFC6184].

sprop-init-buf-tine;

This paranmeter is as specified in [ RFC6184].

spr op- max- don-di ff:

This paraneter is as specified in [ RFC6184].

max- r cnd- nal u-si ze

This paranmeter is as specified in [ RFC6184].

nst - node:

Wenger ,

This paranmeter MAY be used to signal the properties of a NAL
unit streamor the capabilities of a receiver inplenentation

If this paraneter is present, nulti-session transm ssion MJST
be used. O herwise (this paraneter is not present), single-
session transm ssion MJST be used. Wen this paraneter is
present, the follow ng applies. Wen the value of nst-node is
equal to "NI-T", the NI-T node MJST be used. When the val ue of
mst-node is equal to "NI-C', the NI -C node MJST be used. Wen
the value of nst-node is equal to "NI-TC', the N -TC node MJST
be used. Wen the value of nst-node is equal to "I-C', the I-C
node MJUST be used. The value of nst-node MJUST have one of the
followi ng tokens: "NI-T", "NI-C', "NI-TC", or "I-C".

All RTP sessions in an MST MJUST have the sane val ue of nst-
node.
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spr op- nst - csdon- al ways- present:
This paranmeter MJST NOT be present when nst-node is not present
or the value of mst-node is equal to "NI-T" or "I-C'. This
paraneter signals the properties of the NAL unit stream \Wen
sprop- nst - csdon- al ways-present is present and the value is
equal to 1, packetization-node MJST be equal to 1, and all the
RTP packets carrying the NAL unit stream MJST be STAP-A packets
containing a PACSI NAL unit that further contains the DONC
field or NI-MIAP packets with the J field equal to 1. Wen
sprop- nst - csdon- al ways-present is present and the value is
equal to 1, the CS-DON val ue of any particular NAL unit can be
derived solely according to information in the packet
contai ning the NAL unit.

When sprop-nst - csdon- al ways-present is present in the current
RTP session, it MJST be present also in all the RTP sessions
the current RTP session depends on and the val ue of sprop-nst-
csdon-al ways-present is identical for the current RTP session
and all the RTP sessions on which the current RTP session
depends.

sprop- nst - r enux- buf - si ze
This parameter MJUST NOT be present when nst-nopde is not present

or the value of nst-node is equal to "NI-T". This paraneter
MUST be present when nst-node is present and the val ue of nst-
nmode is equal to "NI-C', "NI-TC", or "I-C".

This paraneter signals the properties of the NAL unit stream
It MUST be set to a value one |less than the m nimumre-

mul tiplexing buffer size (in NAL units), so that it is
guaranteed that receivers can reconstruct NAL unit decodi ng
order as specified in Subsection 6.2.2.

The val ue of sprop-nst-renux-buf-size MIST be an integer in the
range of 0 to 32767, inclusive.

sprop-renux- buf-req
This paranmeter MJST NOT be present when nst-node is not present
or the value of mst-node is equal to "NI-T". It MJST be
present when nst-node is present and the value of mst-node is
equal to "NI-C', "NI-TC', or "I-C".

sprop-renmux-buf-req signals the required size of the re-

mul ti plexing buffer for the NAL unit stream |t is guaranteed
that receivers can recover the decoding order of the received
NAL units fromthe current RTP session and the RTP sessions the
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current RTP session depends on as specified in Section 6. 2.2,
when the re-multiplexing buffer size is of at |east the value
of sprop-remux-buf-req in units of bytes.

The val ue of sprop-renux-buf-req MIST be an integer in the
range of 0 to 4294967295, incl usive.

r emux- buf - cap:
Thi s paranmeter MJST NOT be present when nst-node is not present
or the value of nmst-node is equal to "NI-T". This paraneter
MAY be used to signal the capabilities of a receiver
i mpl enentation and i ndi cates the anount of re-nultiplexing
buffer space in units of bytes that the receiver has available
for recovering the NAL unit decoding order as specified in
Section 6.2.2. A receiver is able to handle any NAL unit
stream for which the value of the sprop-renmux-buf-req paraneter
is smaller than or equal to this parameter.

If the paraneter is not present, then a value of 0 MJST be used
for remux-buf-cap. The value of renux-buf-cap MIST be an
integer in the range of 0 to 4294967295, i ncl usive.

Sprop-remnmux-init-buf-time:
This paranmeter MAY be used to signal the properties of the NAL
unit stream The paranmeter MJST NOT be present if nst-node is
not present or the value of nst-nobde is equal to "N -T".

The paraneter signals the initial buffering tinme that a
recei ver MIST wait before starting to recover the NAL unit
decodi ng order as specified in Section 6.2.2 of this neno.

The paraneter is coded as a non-negative baselO integer
representation in clock ticks of a 90-kHz clock. |If the
paraneter is not present, then no initial buffering tine value
is defined. Oherw se, the value of sprop-renmux-init-buf-time
MUST be an integer in the range of 0 to 4294967295, incl usive.

sprop- nst - max- don-di ff:
Thi s paranmeter MAY be used to signal the properties of the NAL
unit stream It MJST NOT be used to signal transnmitter or
recei ver or codec capabilities. The paraneter MJST NOT be
present if nst-nbde is not present or the value of nst-node is
equal to "NI-T". sprop-nmst-nax-don-diff is an integer in the
range of 0 to 32767, inclusive. |If sprop-nmst-max-don-diff is
not present, the value of the paraneter is unspecified. sprop-
nmst - max-don-di ff is cal cul ated sane as sprop-nmax-don-diff as
specified in [RFC6184], with decodi ng order nunber being
repl aced by cross-session decodi ng order nunber.
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sprop-scal ability-info:
Thi s paranmeter MAY be used to convey the NAL unit containing
the scalability informati on SEI nessage as specified in Annex G
of [H 264]. This paraneter MAY be used to signal the contained
| ayers of an SVC bitstream The paraneter MJST NOT be used to
i ndi cate codec capability in any capability exchange procedure.
The val ue of the paraneter is the base64 [ RFC4648]
representation of the NAL unit containing the scalability

i nformati on SEI message. |If present, the NAL unit MJST contain
only one SEI nessage that is a scalability information SE
nessage.

This paranmeter MAY be used in an offering or declarative SDP
message to indicate what |ayers (operation points) can be
provided. A receiver MAY indicate its choice of one |ayer
using the optional nedia type paraneter scal abl e-layer-id.

scal abl e-l ayer-i d:
This paranmeter MAY be used to signal a receiver’s choice of the
of fers or declared operation points or |ayers using sprop-
scal ability-info or sprop-operation-point-info. The val ue of
scal able-layer-id is a basel6 representation of the layer_id[ i
] syntax element in the scalability information SEI nmessage as
specified in Annex G of [H. 264] or layer-1D contained in sprop-
oper ati on-poi nt-info.

sSpr op- oper ati on- poi nt -i nf o:
Thi s paraneter MAY be used to describe the operation points of
an RTP session. The value of this parameter consists of a
conmma- separated |ist of operation-point-description vectors.
The val ues given by the operation-point-description vectors are
the sanme as, or are derived from the values that would be
given for a scalable layer in the scalability information SE
nmessage as specified in Annex G of [H 264], where the term
scal able layer in the scalability information SEI nmessage
refers to all NAL units associated with the sane val ues of
tenporal _id, dependency id, and quality id. In this nenp, such
a set of NAL units is called an operation point.

Each operati on-point-description vector has ten el ements,

provi ded as a comma-separated |ist of values as defined bel ow
The first value of the operation-point-description vector is
preceded by a '<', and the last value of the operation-point-
description vector is followed by a "> . |f the sprop-
operation-point-info is followed by exactly one operation-

poi nt-description vector, this describes the highest operation
point contained in the RTP session. |If there are two or nore
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operati on-poi nt-description vectors, the first describes the
| owest and the | ast describes the highest operation point
contai ned in the RTP session

The val ues given by the operation-point-description vector are
as follows, in the order |isted:

| ayer-1D: This value specifies the layer identifier of the
operation point, which is identical to the layer_id that
woul d be indicated (for the sane val ues of dependency_id,
quality id, and tenporal _id) in the scalability information
SEl nessage. This field MAY be enpty, indicating that the
val ue is unspecified. Wen there are nultiple operation-
poi nt-description vectors with layer-1D, the val ues of

| ayer-1D do not need to be consecuti ve.

tenporal -1 D: This value specifies the tenporal _id of the
operation point. This field MJUST NOT be enpty.

dependency-1D: This values specifies the dependency_id of
the operation point. This field MIST NOT be empty.

quality-1D: This values specifies the quality_id of the
operation point. This field MJUST NOT be enpty.

profile-level-ID: This value specifies the profile-level-idc
of the operation point in the basel6 format. The default
sub-profile or default |evel indicated by the paraneter
profile-level-1D in the sprop-operation-point-info vector
SHALL be equal to or lower than the default sub-profile or
default level indicated by profile-level-id, which nay be
either present or the default value is taken. This field
MAY be enpty, indicating that the value is unspecified.

avg-franmerate: This value specifies the average frane rate
of the operation point. This value is given as an integer
in frames per 256 seconds. The field MAY be enpty,

i ndicating that the value is unspecified.

wi dt h: This value specifies the width dimension in pixels of
decoded frames for the operation point. This paraneter is
not directly given in the scalability information SE
message. This field MAY be enpty, indicating that the val ue
i s unspecifi ed.
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- height: This val ue gives the height dinension in pixels of
decoded franmes for the operation point. This paraneter is
not directly given in the scalability information SEI. This
field MAY be enpty, indicating that the value is
unspeci fi ed.

- avg-bitrate: This value specifies the average bitrate of the
operation point. This paraneter is given as an integer in
kbits per second over the entire stream Note that this
paraneter is provided in the scalability information SE
message in bits per second and cal cul ated over a variable
tinme window This field MAY be enpty, indicating that the
val ue i s unspecified.

- max-bitrate: This value specifies the nmaxi mumbitrate of the
operation point. This paraneter is given as an integer in
kbits per second and describes the maxi mum bitrate per each
one-second wi ndow. Note that this paraneter is provided in
the scalability information SEI nessage in bits per second
and is calculated over a variable time window This field
MAY be enpty, indicating that the value is unspecified.

Simlarly to sprop-scalability-info, this paranmeter MAY be
used in an offering or declarative SDP nessage to indicate
what |ayers (operation points) can be provided. A receiver
MAY indicate its choice of the highest layer it wants to
send and/or receive using the optional nedia type paraneter
scal abl e-1 ayer-i d.

spr op- no- NAL-r eor deri ng-requi r ed:
This paranmeter MAY be used to signal the properties of the NAL
unit stream This paraneter MJST NOT be present when nst-node
is not present or the value of nst-node is not equal to "N -T".
The presence of this parameter indicates that no reordering of
non-VCL or VCL NAL units is required for the decodi ng order
recovery process.

sprop-avc-ready:
This paranmeter MAY be used to indicate the properties of the
NAL unit stream The presence of this parameter indicates that
the RTP session, if used in SST, or used in MST conbined with
other RTP sessions also with this paraneter present, can be
processed by a [ RFC6184] receiver. This paraneter MAY be used
with RTP sessions with nedia subtype H264- SVC.

Encodi ng consi derati ons:

This nmedia type is framed and binary; see Section 4.8 of RFC
4288 [ RFC4288] .
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Security considerations:
See Section 8 of RFC 6190.

Publ i shed specification:
Pl ease refer to RFC 6190 and its Section 13.

Addi ti onal information:
none

Fil e extensions: none

Maci ntosh file type code: none

bject identifier or A D none

Person & email address to contact for further information:
Ye- Kui Wang, yekui.wang@uawei.com

I nt ended usage: COMVON

Restrictions on usage:
This nmedi a type depends on RTP fram ng, and hence is only
defined for transfer via RTP [ RFC3550]. Transport within other
fram ng protocols is not defined at this tine.

I nteroperability considerations:
The nedi a subtype nanme contains "SVC' to avoid potentia
conflict with RFC 3984 and its potential future replacenment RTP
payl oad format for H. 264 non-SVC profiles.

Applications that use this media type:
Real -time video applications |ike video streaning, video
t el ephony, and vi deo conferenci ng.

Aut hor :
Ye- Kui Wang, yekui.wang@uawei.com

Change controller:

| ETF Audi o/ Video Transport working group del egated fromthe
| ESG
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7.2. SDP Paraneters
7.2.1. Mapping of Payload Type Paraneters to SDP

The medi a type vi deo/ H264- SVC string is mapped to fields in the
Session Description Protocol (SDP) as foll ows:

0 The nedia nanme in the "n¥" line of SDP MJUST be video.
0 The encoding nanme in the "a=rtpmap" |line of SDP MJUST be H264- SVC
(the nmedi a subtype).

o0 The clock rate in the "a=rtpmap" |ine MJST be 90000.

0 The OPTIONAL paraneters profile-level-id, max-recv-Ilevel, max-
recv- base-Il evel, max-nbps, max-fs, max-cpb, max-dpb, max-br,
redundant - pi c- cap, in-band-paraneter-sets, packetization-node,
sprop-interl eavi ng-depth, deint-buf-cap, sprop-deint-buf-req,
sprop-init-buf-tine, sprop-nmax-don-diff, nax-rcnd-nal u-size, nst-
node, sprop-nst-csdon-al ways-present, sprop-nst-renux-buf-size
sprop-remnux- buf-req, remnux-buf-cap, sprop-remnmux-init-buf-tine
sprop- nst - max- don-di ff, and scal abl e-1ayer-id, when present, MJST
be included in the "a=fntp" |ine of SDP. These paraneters are
expressed as a nedia type string, in the formof a sem col on-
separated |ist of paraneter=val ue pairs.

o0 The OPTI ONAL paraneters sprop-paraneter-sets, sprop-l|evel-
par anet er-sets, sprop-scalability-info, sprop-operation-point-
i nfo, sprop-no-NAL-reordering-required, and sprop-avc-ready, when
present, MJUST be included in the "a=fntp" Iine of SDP or conveyed
using the "fmp" source attribute as specified in Section 6.3 of
[ RFC5576]. For a particular nedia format (i.e., RTP payl oad
type), a sprop-paraneter-sets or sprop-l|evel-paranmeter-sets MJST
NOT be both included in the "a=fntp" Iine of SDP and conveyed
using the "fnmp" source attribute. Wen included in the "a=fntp"
line of SDP, these paraneters are expressed as a nedia type
string, in the formof a sem col on-separated |ist of
par anet er =val ue pairs. Wen conveyed using the "fntp" source
attribute, these paraneters are only associated with the given
source and payl oad type as parts of the "fmtp" source attribute.

Informative note: Conveyance of sprop-paraneter-sets and
sprop-| evel -paraneter-sets using the "fntp" source attribute
all ows for out-of-band transport of paraneter sets in
topol ogi es |i ke Topo- Vi deo-sw tch- MCU [ RFC5117] .
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7.2.

Usage with the SDP O fer/ Answer Model

When an SVC stream (with media subtype H264-SVC) is offered over RTP
using SDP in an O fer/Answer nodel [RFC3264] for negotiation for
uni cast usage, the following linmtations and rul es apply:

(o]

The paraneters identifying a nedia format configuration for SVC
are profile-level-id, packetization-node, and nst-node. These
medi a configuration paraneters (except for the | evel part of
profile-level-id) MJST be used synmetrically when the answerer
does not include scal able-layer-id in the answer; i.e., the
answerer MJUST either nmaintain all configuration paraneters or
renove the nedia format (payload type) conpletely, if one or nore
of the paraneter values are not supported. Note that the |eve
part of profile-level-id includes |level_idc, and, for indication
of level 1b when profile_idc is equal to 66, 77, or 88, bit 4
(constraint_set3 flag) of profile-iop. The level part of profile-
| evel -id is changeabl e.

Informative note: The requirenent for symretric use does not
apply for the level part of profile-level-id, and does not
apply for the other stream properties and capability

par anet ers

Informative note: In [H 264], all the levels except for Leve

1b are equal to the value of level idc divided by 10. Level 1b
is a level higher than Level 1.0 but |ower than Level 1.1, and
is signaled in an ad hoc manner. For the Baseline, Min, and
Extended profiles (with profile_idc equal to 66, 77, and 88,
respectively), Level 1b is indicated by level _idc equal to 11
(i.e., the same as level 1.1) and constraint_set3 flag equal to
1. For other profiles, Level 1b is indicated by Ievel idc
equal to 9 (but note that Level 1b for these profiles is stil

hi gher than Level 1, which has level _idc equal to 10, and | ower
than Level 1.1). |In SDP Ofer/Answer, an answer nay indicate a
| evel equal to or lower than the level indicated in the offer
Due to the ad hoc indication of Level 1b, offerers and
answerers must check the value of bit 4 (constraint_set3 flag)
of the nmiddle octet of the parameter profile-level-id, when
profile_idc is equal to 66, 77, or 88 and level _idc is equal to
11.

To sinmplify handling and matchi ng of these configurations, the
same RTP payl oad type nunmber used in the offer should al so be used
in the answer, as specified in [ RFC3264]. The sane RTP payl oad
type nunber used in the offer MJUST al so be used in the answer when
the answer includes scal able-layer-id. Wen the answer does not

i ncl ude scal abl e-l1ayer-id, the answer MJST NOT contain a payl oad
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type nunber used in the offer unless the configuration is exactly
the sanme as in the offer or the configuration in the answer only
differs fromthat in the offer with a level |ower than the default
| evel offered.

Informative note: Wien an offerer receives an answer that does
not include scalable-layer-id it has to conpare payl oad types
not declared in the offer based on the nedia type (i.e.

vi deo/ H264- SVC) and the above nedi a configuration paraneters
with any payload types it has already declared. This wll
enable it to determ ne whether the configuration in question is
new or if it is equivalent to configuration already offered,
since a different payload type nunber nay be used in the
answer .

Since an SVC stream may contain nultiple operation points, a
facility is provided so that an answerer can select a different
operation point than the entire SVC stream Specifically,

di fferent operation points MAY be described using the sprop-

scal ability-info or sprop-operation-point-info paraneters. The
first one carries the entire scalability information SEl nmessage
defined in Annex G of [H 264], whereas the second one may be
derived, e.g., as a subset of this SEI nmessage that only contains
key information about an operation point. Operation points, in
both cases, are associated with a |layer identifier

I f such information (sprop-operation-point-info or sprop-
scalability-info) is provided in an offer, an answerer MAY sel ect
fromthe various operation points offered in the sprop-

scal ability-information or sprop-operation-point-info paraneters
by including scal able-layer-id in the answer. By this, the
answerer indicates its selection of a particular operation point
in the received and/or in the sent stream \Wen such operation
poi nt selection takes place, i.e., the answerer includes scal abl e-
layer-id in the answer, the nedia configuration paraneters MJST
NOT be present in the answer. Rather, the nedia configuration
that the answerer will use for receiving and/ or sending is the one
used for the selected operation point as indicated in the offer

Informative note: The ability to perform operation point
sel ection enables a receiver to utilize the scal able nature of
an SVC stream

0 The paraneter nax-recv-level, when present, declares the highest

| evel supported for receiving. |In case max-recv-level is not
present, the highest |evel supported for receiving is equal to the
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default level indicated by the |level part of profile-Ilevel-id.
max-recv-1evel, when present, MJST be higher than the default
| evel

0 The paraneter nax-recv-base-level, when present, declares the
hi ghest | evel of the base |ayer supported for receiving. Wen
max-recv-base-level is not present, the highest |evel supported
for the base layer is not constrained separately fromthe SVC
stream cont ai ni ng the base |layer. The endpoint at the other side
MUST NOT send a scal able stream for which the base layer is of a
| evel higher than max-recv-base-level. Paraneters declaring
recei ver capabilities above the default |evel (max-nbps, nax-
snbps, max-fs, max-cpb, max-dpb, nmax-br, and nmax-recv-level) do
not apply to the base | ayer when nax-recv-base-level is present.

0 The paraneters sprop-deint-buf-req, sprop-interleaving-depth,
sprop- max-don-di ff, sprop-init-buf-time, sprop-nst-csdon-al ways-
present, sprop-renux-buf-req, sprop-nst-renux-buf-size, sprop-
remux-init-buf-tinme, sprop-nst-nax-don-diff, sprop-scalability-

i nformation, sprop-operation-point-info, sprop-no-NAL-reordering-
requi red, and sprop-avc-ready describe the properties of the NAL
unit streamthat the offerer or answerer is sending for the nmedia
format configuration. This differs fromthe normal usage of the
O fer/ Answer paraneters: nornmally such paraneters declare the
properties of the streamthat the offerer or the answerer is able
to receive. \When dealing with SVC, the offerer assumes that the
answerer will be able to receive nedia encoded using the
configuration being offered.

Informative note: The above paranmeters apply for any stream
sent by the declaring entity with the sane configuration; i.e.
they are dependent on their source. Rather than being bound to
t he payl oad type, the values may have to be applied to another
payl oad type when being sent, as they apply for the
configuration.

0 The capability paraneters max-nbps, nmax-fs, nmax-cpb, nmax-dpb, nmax-
br, redundant-pic-cap, and nmax-rcnd-nal u-size MAY be used to
declare further capabilities of the offerer or answerer for
receiving. These paranmeters MJST NOT be present when the
direction attribute is sendonly, and the paraneters describe the
limtations of what the offerer or answerer accepts for receiving
streans.

o When nst-node is not present and packetization-node is equal to 2,
the follow ng applies.
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0 An offerer has to include the size of the de-interleaving
buffer, sprop-deint-buf-req, in the offer. To enable the
of ferer and answerer to informeach other about their
capabilities for de-interleaving buffering, both parties are
RECOMVENDED to include deint-buf-cap. It is also RECOMVENDED
to consider offering nultiple payload types with different
buffering requirenments when the capabilities of the receiver
are unknown.

o \When nst-node is present and equal to "NI-C', "NI-TC', or "I-C',
the follow ng applies.

0 An offerer has to include sprop-remux-buf-req in the offer. To
enabl e the offerer and answerer to informeach other about
their capabilities for re-multiplexing buffering, both parties
are RECOMVENDED to include renux-buf-cap. It is also
RECOMVENDED to consider offering nmultiple payload types with
different buffering requirenents when the capabilities of the
receiver are unknown.

0 The sprop-paraneter-sets or sprop-level-paraneter-sets paraneter
when present (included in the "a=fntp" line of SDP or conveyed
using the "fntp" source attribute as specified in Section 6.3 of
[ RFC5576]), is used for out-of-band transport of paraneter sets.
However, when out-of-band transport of paraneter sets is used,
paraneter sets MAY still be additionally transported in-band.

The answerer MAY use either out-of-band or in-band transport of
paraneter sets for the streamit is sending, regardl ess of whether
out - of -band paraneter sets transport has been used in the offerer-
to-answerer direction. Paranmeter sets included in an answer are

i ndependent of those paraneter sets included in the offer, as they
are used for decoding two different video streans, one fromthe
answerer to the offerer, and the other in the opposite direction.

The following rules apply to transport of parameter sets in the
of ferer-to-answerer direction.

o0 An offer MAY include either or both of sprop-paranmeter- sets
and sprop-1evel -paraneter-sets. |f neither sprop-paraneter-
sets nor sprop-level-paraneter-sets is present in the offer
then only in-band transport of paraneter sets is used.

o |f the answer includes in-band-paraneter-sets equal to 1, then

the offerer MUST transnit paraneter sets in-band. O herw se
the follow ng applies.
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o |If the level to use in the offerer-to-answerer direction is
equal to the default level in the offer, the follow ng
appl i es.

The answerer MJIST be prepared to use the paraneter sets
i ncluded in sprop-paraneter-sets, when present, for
decodi ng the inconming NAL unit stream and ignore sprop-
| evel - paranet er-sets, when present.

When sprop-paraneter-sets is not present in the offer,
i n-band transport of paraneter sets MJST be used.

0 Oherwise (the level to use in the offerer-to-answerer
direction is not equal to the default level in the offer),
the followi ng applies.

The answerer MJIST be prepared to use the paraneter sets
that are included in sprop-Ilevel-paraneter-sets for the
accepted level (i.e., the default level in the answer,
which is also the level to use in the offerer-to-answerer
direction), when present, for decoding the incom ng NAL
unit stream and ignore all other paranmeter sets included
in sprop-level -paraneter-sets and sprop-paraneter-sets,
when present.

When no paraneter sets for the accepted | evel are present
in the sprop-1level-paraneter-sets, in-band transport of
paraneter sets MJST be used

The following rules apply to transport of parameter sets in the
answerer-to-of ferer direction.

0 An answer MAY include either sprop-paraneter-sets or sprop-
| evel - paraneter-sets, but MJST NOT include both of the two. If
neit her sprop-paraneter-sets nor sprop-level-paraneter-sets is
present in the answer, then only in-band transport of paraneter
sets is used.

o If the offer includes in-band-paraneter-sets equal to 1, then
the answerer MJST NOT incl ude sprop-paraneter-sets or sprop-
| evel - paraneter-sets in the answer and MJST transnit paraneter
sets in-band. Oherwise, the follow ng applies.

o If the level to use in the answerer-to-offerer direction is

equal to the default level in the answer, the follow ng
appl i es.
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The of ferer MJUST be prepared to use the paraneter sets

i ncluded in sprop-paraneter-sets, when present, for
decodi ng the incoming NAL unit stream and ignore sprop-
| evel - paraneter-sets, when present.

When sprop-paraneter-sets is not present in the answer,
the answerer MJUST transmit paranmeter sets in-band.

0 Oherwise (the level to use in the answerer-to-offerer
direction is not equal to the default level in the answer),
the follow ng applies.

The of ferer MJUST be prepared to use the paraneter sets
that are included in sprop-I|evel-paraneter-sets for the
level to use in the answerer-to-offerer direction, when
present in the answer, for decoding the incom ng NAL unit
stream and ignore all other paranmeter sets included in
sprop- | evel - paraneter-sets and sprop-paraneter-sets, when
present in the answer.

When no paraneter sets for the level to use in the
answerer-to-offerer direction are present in sprop-I|evel-
paraneter-sets in the answer, the answerer MJST transnmit
paraneter sets in-band

When sprop-paraneter-sets or sprop-level-paraneter-sets is
conveyed using the "fnmtp" source attribute as specified in Section
6.3 of [RFC5576], the receiver of the parameters MJST store the
paraneter sets included in the sprop-paraneter-sets or sprop-

| evel - paraneter-sets for the accepted | evel and associate themto
the source given as a part of the "fntp" source attribute.
Paraneter sets associated with one source MJUST only be used to
decode NAL units conveyed in RTP packets fromthe sanme source.
When this mechanismis in use, SSRC collision detection and

resol uti on MIUST be perforned as specified in [ RFC5576].

I nformative note: Conveyance of sprop-paraneter-sets and sprop-
| evel - paraneter-sets using the "fntp" source attribute nmay be
used in topol ogies |ike Topo-Video-swi tch-MU [ RFC5117] to
enabl e out - of -band transport of paraneter sets.

For streans being delivered over nmulticast, the follow ng rules
appl y:

o The nedia format configuration is identified by profile-level- id,
including the level part, packetization-node, and nst-node. These
medi a format configuration paraneters (including the |level part of
profile-level-id) MIST be used symetrically; i.e., the answerer
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MUST either nmaintain all configuration paraneters or renove the
medi a format (payload type) conpletely. Note that this inplies
that the level part of profile-level-id for Offer/Answer in

mul ticast is not changeabl e.

To sinplify handling and matchi ng of these configurations, the
same RTP payl oad type nunmber used in the offer should al so be used
in the answer, as specified in [RFC3264]. An answer MJST NOT
contain a payl oad type number used in the offer unless the
configuration is the same as in the offer.

0 Paraneter sets received MIST be associated with the originating
source, and MJST be only used in decoding the incomng NAL unit
stream fromthe same source

o0 The rules for other paraneters are the sanme as above for unicast
as long as the above rul es are obeyed.

Table 14 lists the interpretation of all the paraneters that MJST be
used for the various conbinations of offer, answer, and direction
attributes. Note that the two colums wherein the scal abl e-1ayer-id
paraneter is used only apply to answers, whereas the other colums
apply to both offers and answers.

Table 14. Interpretation of parameters for various conbinations of
of fers, answers, direction attributes, with and w thout scal abl e-
layer-id. Columms that do not indicate offer or answer apply to
bot h.
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sendonly --+

answer: recvonly, scal abl e-l1ayer-id --+
recvonly w o scal able-layer-id --+

answer: sendrecv, scal able-layer-id --+
sendrecv w o scal able-layer-id --+

profile-level-id
max-recv-| evel

max-recv- base-| evel
packeti zati on- node
nst - node

sSpr op- avc-r eady
sprop-dei nt - buf-req
sprop-init-buf-tine
sprop-interl eaving-depth
spr op- max- don-di f f

sSpr op- nst - csdon- al ways- pr esent
spr op- nst - max- don-di ff

spr op- nst - r enux- buf - si ze
sprop- no- NAL- r eor deri ng-required
Spr op- operation-point-info
sprop-remnmux- buf-req
Sprop-remnmux-init-buf-time
sprop-scal ability-info

dei nt - buf - cap

max- br

max- cpb

max- dpb

max-fs

max- mbps

max- r crd- nal u- si ze

r edundant - pi c- cap

r emux- buf - cap

i n- band- paraneter-sets
sprop- paranet er-sets
sprop- 1| evel - paraneter-sets
scal abl e-l ayer-id

I
I
I
I
I
P

"OO0OTVOT T —
XXX T T

' UUTUVUUUVDUUUUOUOUUUUOUUOUTU'

'TVVVOVDOVDOVDODODOD0'
'TVVVOVDOVDOVDODODOD0'

XOVOMWAODVDOVAOVXIOVOVAOVDAOVDOVDAOVOOVDUVUVTUVUOUUVTUVTOUOOUUTTUOTOOTOOITDIOO
OLMLWAUIVAVXIOVVAOVDAOVDAOVDAOVDAUOVDUVUVTUVUUUVUTUVUUUTUUUXXIODAOX" —

X
O 1
wm

Legend:

configuration for sending and receiving streans
properties of the streamto be sent

recei ver capabilities

out - of - band paraneter sets

operation point selection

MUST NOT be present

not usabl e, when present SHOULD be ignored

LXQWAITO
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Paraneters used for declaring receiver capabilities are in genera
downgradabl e; i.e., they express the upper limt for a sender’s
possi bl e behavior. Thus, a sender MAY select to set its encoder
using only lower/lesser or equal values of these paraneters.

Paraneters declaring a configuration point are not changeable, wth
the exception of the level part of the profile-level-id paranmeter for
uni cast usage. This expresses values a receiver expects to be used
and nmust be used verbati mon the sender side. |If |evel downgrading
(for profile-level-id) is used, an answerer MJST NOT incl ude the

scal abl e-l ayer-id paraneter.

When a sender’s capabilities are declared, and non-downgradabl e
paraneters are used in this declaration, then these paraneters
express a configuration that is acceptable for the sender to receive

streams. In order to achieve high interoperability levels, it is
often advisable to offer nultiple alternative configurations, e.g.
for the packetization node. It is inpossible to offer multiple

configurations in a single payload type. Thus, when multiple
configuration offers are made, each offer requires its own RTP
payl oad type associated with the offer

A receiver SHOULD understand all media type paraneters, even if it
only supports a subset of the payload format's functionality. This
ensures that a receiver is capable of understandi ng when an offer to
recei ve nmedi a can be downgraded to what is supported by the receiver
of the offer.

An answerer MAY extend the offer with additional media fornmat
configurations. However, to enable their usage, in nbst cases a
second offer is required fromthe offerer to provide the stream
property paraneters that the nmedia sender will use. This also has
the effect that the offerer has to be able to receive this nedia
format configuration, not only to send it.

If an offerer wishes to have non-symmetric capabilities between
sendi ng and receiving, the offerer can all ow asymetric |evels via

| evel -asymretry-all owed equal to 1. Alternatively, the offerer can
offer different RTP sessions, i.e., different nedia |lines declared as
"recvonly" and "sendonly", respectively. This may have further

i nplications on the system and may require additional externa
semantics to associate the two nedia |lines.

7.2.3. Dependency Signaling in Milti-Session Transni ssion
If MST is used, the rules on signaling nedia decodi ng dependency in

SDP as defined in [RFC5583] apply. The rules on "hierarchical or
| ayered encoding” with nulticast in Section 5.7 of [RFC4566] do not
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apply, i.e., the notation for Connection Data "c=" SHALL NOT be used
with nmore than one address. Additionally, the order of dependencies
of the RTP sessions indicated by the "a=depend" attribute as defined
in [ RFC5583] MUST represent the decoding order of the VC) NAL units
in an access unit, i.e., the order of session dependency is given
fromthe base or the | owest enhancenent RTP session (the nost
important) to the highest enhancenent RTP session (the |east

i mportant).

7.2.4. Usage in Declarative Session Descriptions

When SVC over RTP is offered with SDP in a declarative style, as in
Real Time Stream ng Protocol (RTSP) [ RFC2326] or Session Announcenent
Protocol (SAP) [RFC2974], the follow ng considerations are necessary.

0 All paraneters capable of indicating both stream properties and
receiver capabilities are used to indicate only stream properties.
For exanple, in this case, the paraneter profile-level-id declares
the val ues used by the stream not the capabilities for receiving
streans. This results in that the following interpretation of the
paraneters MJST be used

Decl ari ng actual configuration or stream properties:

- profile-level-id

- packetization-node

- nst-node

- sprop-deint-buf-req

- sprop-interleaving-depth

- sprop- max-don-diff

- sprop-init-buf-tine

- sprop-mnst-csdon-al ways- present
- sprop- st -renux- buf -si ze

- sprop-remnmux-buf-req

- sprop-remux-init-buf-tine

- sprop-nst-nax-don-diff

- sprop-scalability-info

- sprop-operation-point-info

- sprop-no- NAL-reordering-required
- sprop-avc-ready

Qut - of -band transporting of paraneter sets:

- sprop-paraneter-sets
- sprop-level -paraneter-sets
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Not usabl e (when present, they SHOULD be ignored):

- max- nmbps

- max-fs

- max-cpb

- max- dpb

- max- br

- max-recv-|evel

- max-recv-base-| evel
- redundant - pi c- cap
- max-rcnd- nal u-si ze
- deint-buf-cap

- renux-buf-cap

- scal able-layer-id

0 Areceiver of the SDP is required to support all paraneters and
val ues of the paraneters provi ded; otherw se, the receiver MJST
reject (RTSP) or not participate in (SAP) the session. It falls
on the creator of the session to use values that are expected to
be supported by the receiving application

7.3. Exanples

In the follow ng exanples, "{data}" is used to indicate a data string
encoded as base64.

7.3.1. Exanple for Ofering a Single SVC Session

Exanpl e 1: The offerer offers one video nmedia description including
two RTP payl oad types. The first payload type offers H264, and the
second offers H264-SVC. Both payl oad types have different fntp
paraneters as profile-level-id, packetization-node, and sprop-

par anmet er - sets.

O ferer -> Answerer SDP nessage

mevi deo 20000 RTP/ AVP 97 96

a=rtpmap: 96 H264/ 90000

a=fntp:96 profile-Ilevel-id=4de00a; packetizati on-node=0;
spr op- par anet er - set s={ sps0}, { pps0};

a=rtpmap: 97 H264- SVC/ 90000

a=fmt p: 97 profile-level -id=53000c; packetization-node=1
spr op- par anet er - set s={ sps0}, { pps0}, {spsl}, {ppsl};

If the answerer does not support media subtype H264-SVC, it can issue
an answer accepting only the base |layer offer (payload type 96). In
the follow ng exanple, the receiver supports H264-SVC, so it lists
payl oad type 97 first as the preferred option
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Answerer -> Offerer SDP nessage

nevi deo 40000 RTP/ AVP 97 96

a=rtpmap: 96 H264/ 90000

a=fmt p: 96 profil e-Ilevel -i d=4de00a; packeti zati on- node=0;
spr op- par anet er - set s={ sps2}, { pps2};

a=rtpmap: 97 H264- SVC 90000

a=fntp: 97 profile-level-id=53000c; packetization-node=1,;
sprop- par anet er - set s={sps2}, { pps2}, {sps3}, {pps3};

7.3.2. Exanple for Ofering a Single SVC Session Using
scal abl e-l ayer-id

Exanple 2: O ferer offers the sane nmedia configurations as shown in
t he exanpl e above for receiving and sending the stream but using a
singl e RTP payl oad type and i ncl udi ng sprop-operation-point-info.

O ferer -> Answerer SDP nessage

mevi deo 20000 RTP/ AVP 97

a=rt pmap: 97 H264- SVC/ 90000

a=fm p: 97 profile-level -id=53000c; packetization-node=1

spr op- par anet er - set s={sps0}, {spsl}, {ppsO}, {ppsl};

spr op- oper ati on- poi nt -i nf o=<1, 0, 0, 0, 4de00a, 3200, 176, 144, 128,
256>, <2, 1, 1, 0, 53000c, 6400, 352, 288, 256, 512>;

In this exanple, the receiver supports H264- SVC and chooses the | ower
operation point offered in the RTP payload type for sending and
recei ving the stream

Answerer -> Offerer SDP nessage

mrvi deo 40000 RTP/ AVP 97

a=rtpmap: 97 H264- SVC/ 90000

a=fmt p: 97 sprop-paraneter-sets={sps2}, {sps3}, {pps2}, {pps3};
scal abl e- | ayer-i d=1;

In an equival ent exanple showi ng the use of sprop-scalability-info

i nstead using the sprop-operation-point-info, the sprop-operation-
point-info woul d be exchanged by the sprop-scalability-info followed
by the binary (basel6) representation of the Scalability Information
SEI nmessage

7.3.3. Exanple for Ofering Multiple Sessions in MT
Exanple 3: In this exanple, the offerer offers a multi-session

transmission with up to three sessions. The base session nedia
description includes payload types that are backward conpatible wth
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[ RFC6184], and three different payl oad types are offered. The other
two nmedia are using payload types with nmedia subtype H264-SVC. In
each nmedi a description, different values of profile-Ilevel-id,
packeti zati on-node, nst-node, and sprop-paraneter-sets are offered

O ferer -> Answerer SDP nessage

a=group: DDP L1 L2 L3

n=vi deo 20000 RTP/ AVP 96 97 98

a=rtpmap: 96 H264/ 90000

a=fmt p: 96 profil e-1evel -i d=4de00a; packeti zati on- node=0;
nst - node=Nl - T; sprop-paraneter-set s={sps0}, { pps0};

a=rtpnmap: 97 H264/ 90000

a=fntp: 97 profile-level-id=4de00a; packetizati on-node=1,;
nst - node=Nl - TC, sprop- par aneter-set s={sps0}, {pps0};

a=rtpmap: 98 H264/ 90000

a=fmt p: 98 profile-Ilevel -i d=4de00a; packeti zati on- node=2;
nst - node=l-C, init-buf-tinme=156320;

spr op- par anet er - set s={ sps0}, { ppsO0};

a=md: L1

nevi deo 20002 RTP/ AVP 99 100

a=rtpmap: 99 H264- SVC/ 90000

a=fmt p: 99 profile-Ilevel-id=53000c; packetization-node=1
nst - node=Nl - T; sprop-paraneter-sets={spsl}, {ppsl};
a=rtpnmap: 100 H264- SVC/ 90000

a=fmt p: 100 profile-Ilevel -i d=53000c; packetization-node=2;
nst - node=l - C; sprop- paranet er-set s={spsl}, {ppsl};
a=m d: L2

a=depend: 99 lay L1:96,97; 100 lay L1:98

mevi deo 20004 RTP/ AVP 101

a=rtpmap: 101 H264- SVC/ 90000

a=fnt p: 101 profile-Ilevel-id=53001F; packetization-node=1;
nmst - node=Nl - T; sprop-paraneter-sets={sps2}, {pps2};
a=md: L3

a=depend: 101 lay L1:96,97 L2:99

It is assuned that in this exanple the answerer only supports the NI -
T node for nulti-session transm ssion. For this reason, it chooses
the correspondi ng payl oad type (96) for the base RTP session. For
the two enhancenent RTP sessions, the answerer al so chooses the

payl oad types that use the NI-T node (99 and 101).
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Answerer -> Offerer SDP nessage

a=group: DDP L1 L2 L3

mevi deo 40000 RTP/ AVP 96

a=rtpmap: 96 H264/ 90000

a=fmt p: 96 profile-level -id=4de00a; packeti zati on- node=0;
nst - node=Nl - T; sprop-paraneter-sets={sps3}, {pps3};

a=md: L1

mevi deo 40002 RTP/ AVP 99

a=rtpmap: 99 H264- SVC/ 90000

a=fmt p: 99 profile-Ilevel-id=53000c; packetization-node=1
nst - node=Nl - T; sprop-paraneter-set s={sps4}, { pps4d};

a=m d: L2

a=depend: 99 lay L1:96

ne=vi deo 40004 RTP/ AVP 101

a=rtpmap: 101 H264- SVC/ 90000

a=fmt p: 101 profile-Ilevel -id=53001F;, packetization-node=1
nst - node=Nl - T; sprop-paraneter-sets={sps5}, {pps5};

a=m d: L3

a=depend: 101 lay L1:96 L2:99

7.3.4. Exanple for Ofering Multiple Sessions in MST Including
Operation with Answerer Using scal able-layer-id

Exanple 4: In this exanple, the offerer offers a multi-session
transm ssion of three layers with up to two sessions. The base
session nedi a description has a payload type that is backward
conmpatible with [RFC6184]. Note that no paraneter sets are provided,
i n which case in-band transport nust be used. The other nedia
description contains two enhancenent |ayers and uses the nedia
subtype H264-SVC. It includes two operation point definitions.

Oferer -> Answerer SDP nessage

a=group: DDP L1 L2
mevi deo 20000 RTP/ AVP 96
a=rtpnmap: 96 H264/ 90000
a=fntp:96 profil e-level-id=4de00a; packetizati on-node=0;
nmst - node=NI - T;
a=md: L1
mevi deo 20002 RTP/ AVP 97
a=rtpmap: 97 H264- SVC/ 90000
a=fm p: 97 profile-level-id=53001F; packeti zati on-node=1;
nmst - node=Nl - TC, sprop-operation-point-info=<2,0,1,0,53000c,
3200, 352, 288, 384, 512>, <3, 1, 2, 0, 53001F, 6400, 704, 576, 768, 1024>;
a=m d: L2
a=depend: 97 lay L1:96
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It is assumed that the answerer wants to send and receive the base

| ayer (payload type 96), but it only wants to send and receive the

| ower enhancenent layer, i.e., the one with layer id equal to 2. For
this reason, the response will include the selection of the desired

| ayer by setting scal able-layer-id equal to 2. Note that the answer
only includes the scal able-layer-id information. The answer could

i ncl ude sprop-paraneter-sets in the response.

Answerer -> Offerer SDP nessage

a=group: DDP L1 L2

mevi deo 40000 RTP/ AVP 96

a=rtpnmap: 96 H264/ 90000

a=fntp: 96 profile-level-id=4de00a; packetizati on-node=0;
nmst - node=NI - T;

a=md: L1

mevi deo 40002 RTP/ AVP 97

a=rtpmap: 97 H264- SVC/ 90000

a=fm p: 97 scal abl e-1| ayer-i d=2;

a=m d: L2

a=depend: 97 lay L1:96

7.3.5. Exanple for Negotiating an SVC Streamwi th a Constrai ned Base
Layer in SST

Exanpl e 5: The offerer (Alice) offers one video description including
two RTP payload types with differing | evels and packeti zati on nodes.

O ferer -> Answerer SDP nessage

mevi deo 20000 RTP/ AVP 97 96
a=rtpmap: 96 H264- SVC/ 90000
a=fmt p: 96 profile-level-id=53001e; packeti zati on-node=0;
a=rtpmap: 97 H264- SVC/ 90000
a=fmt p: 97 profile-Ilevel -id=53001f; packetization-node=1

The answerer (Bridge) chooses packetization node 1, and indicates
that it would receive an SVC streamw th the base | ayer being
constrai ned.

Answerer -> O ferer SDP nessage
nrvi deo 40000 RTP/ AVP 97
a=rtpmap: 97 H264- SVC/ 90000

a=fntp:97 profile-level-id=53001f; packetization-node=1
max-r ecv- base-1 evel =000d
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The answering endpoint nust send an SVC stream at Level 3.1. Since
the of fering endpoint did not declare nax-recv-base-|level, the base

| ayer of the SVC streamthe answering endpoi nt nust send is not
specifically constrained. The offering endpoint (Alice) nmust send an
SVC stream at Level 3.1, for which the base | ayer nust be of a |leve
not hi gher than Level 1.3.

7.4. Paraneter Set Considerations

Section 8.4 of [RFC6184] applies in this nmenp, with the follow ng
applies additionally for nulti-session transm ssion (MST).

In MST, regardl ess of out-of-band or in-band transport of paraneter
sets are in use, paraneter sets required for decoding NAL units
carried in one particular RTP session SHOULD be carried in the sane
session, MAY be carried in a session that the particul ar RTP session
depends on, and MJUST NOT be carried in a session that the particul ar
RTP session does not depend on

8. Security Considerations

The security considerations of the RTP Payl oad Format for H. 264 Video
specification [ RFC6184] apply. Additionally, the follow ng applies.

Decoders MJST exercise caution with respect to the handling of
reserved NAL unit types and reserved SEl nessages, particularly if
they contain active elenents, and MJST restrict their domain of
applicability to the presentation containing the stream The safest
way is to sinply discard these NAL units and SEl nessages.

When integrity protection is applied to a stream care MJST be taken
that the stream being transported may be scal abl e; hence a receiver
may be able to access only part of the entire stream

End-to-end security with either authentication, integrity, or
confidentiality protection will prevent a MANE from perform ng nedi a-
awar e operations other than discarding conplete packets. And in the
case of confidentiality protection it will even be prevented from
perform ng discarding of packets in a nedia-aware way. To allow any
MANE to performits operations, it will be required to be a trusted
entity that is included in the security context establishment. This
applies both for the nedia path and for the RTCP path, if RTCP
packets need to be rewitten.
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9.

Congestion Control

Wthin any given RTP session carrying payl oad according to this
specification, the provisions of Section 10 of [RFC6184] apply.
Reduci ng the session bitrate is possible by one or nore of the
fol |l owi ng neans:

a)

b)
c)

d)

All

of

Wthin the highest |layer identified by the DID field renove any
NAL units with Q D higher than a certain val ue.

Remove all NAL units with TID higher than a certain val ue.

Renmove all NAL units associated with a DI D higher than a certain
val ue.

Informative note: Renoval of all coded slice NAL units
associated with DI Ds higher than a certain value in the entire
streamis required in order to preserve confornance of the
resulting SVC stream

Uilize the PRID field to indicate the relative inportance of NAL
units, and renmpove all NAL units associated with a PRI D higher than
a certain value. Note that the use of the PRID is application-
speci fic.

Remove NAL units or entire packets according to application-
specific rules. The result will depend on the particular coding
structure used as well as any additional application-specific
functionality (e.g., conceal nent performed at the receiving
decoder). In general, this will result in the reception of a non-
conform ng bitstream and hence the decoder behavior is not
specified by [H 264]. Significant artifacts may therefore appear
in the decoded output if the particul ar decoder inplenentation
does not take appropriate action in response to congestion

control

Informative note: The discussion above is centered on NAL units
rat her than packets, prinmarily because that is the |evel where
senders can neani ngfully mani pul ate the scal able bitstream The
mappi ng of NAL units to RTP packets is fairly flexible when using
aggregation packets. Depending on the nature of the congestion
control algorithm the "dinension" of congestion neasurenent
(packet count or bitrate) and reaction to it (reduci ng packet
count or bitrate or both) can be adjusted accordingly.

af orementi oned neans are available to the RTP sender, regardless
whet her that sender is located in the sending endpoint or in a

m xer - based MANE
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When a transl ator-based MANE i s enpl oyed, then the MANE MAY
mani pul ate the session only on the MANE s outgoing path, so that the
sensed end-to-end congestion falls within the permi ssible envel ope.
As with all translators, in this case, the MANE needs to rewite RTCP
RRs to reflect the manipulations it has performed on the session

Informative note: Applications MAY al so inplenent, in addition or
separately, other congestion control mechanisnms, e.g., as
described in [RFC5775] and [Yan].

10. | ANA Consi der ations

A new nedia type, as specified in Section 7.1 of this nmeno, has been
regi stered with | ANA

11. Informative Appendix: Application Exanples
11.1. Introduction

Scal abl e video coding is a concept that has been around since at

| east MPEG 2 [ MPEQR?], which goes back as early as 1993

Neverthel ess, it has never gained wi de acceptance, perhaps partly
because applications didn’t materialize in the form envisioned during
st andar di zat i on.

| SO | EC MPEG and | TU-T VCEG, respectively, perfornmed a requirenent
anal ysis for the SVC project. The MPEG and VCEG requirenent
docunents are available in [JVT-NO26] and [JVT-NO27], respectively.

The follow ng introduces four main application scenarios that the
aut hors consider relevant and that are inplenmentable with this
speci fication.

11.2. Layered Milticast

This well-understood form of the use of | ayered codi ng [ McCanne]
inplies that all layers are individually conveyed in their own RTP
packet streams, each carried in its owmn RTP session using the IP
(rmulticast) address and port nunber as the single denultiplexing
point. Receivers "tune" into the layers by subscribing to the IP
mul ticast, normally by using 1GW [IGW]. Depending on the
application scenario, it is also possible to convey a nunber of

| ayers in one RTP session, when finer operation points within the
subset of | ayers are not needed.

Layered nulticast has the great advantage of sinplicity and easy

i npl ementati on. However, it has also the great disadvantage of
utilizing many different transport addresses. Wile the authors
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consider this not to be a major problemfor a professionally

mai nt ai ned content server, receiving client endpoints need to open
many ports to IP nmulticast addresses in their firewalls. This is a
practical problemfroma firewall and network address translation
(NAT) viewpoint. Furthernore, even today IP nulticast is not as

wi dely depl oyed as nmany wi sh

The aut hors consider |ayered nulticast an inportant application
scenario for the followi ng reasons. First, it is well understood and
the inplenmentation constraints are well known. Second, there may
wel | be large-scale | P networks outside the i nmedi ate |nternet
context that nmay wish to enploy layered nulticast in the future. One
possi bl e exanpl e could be a conbi nation of content creation and core-
network distribution for the various nobile TV services, e.g., those
bei ng devel oped by 3G°PP (MBMS) [ MBMS] and DVB (DVB-H) [DVB-H .

11.3. Stream ng

In this scenario, a streaning server has a repository of stored SVC
coded | ayers for a given content. At the time of streaning, and
according to the capabilities, connectivity, and congestion situation
of the client(s), the stream ng server generates and serves a

scal able stream Both unicast and nulticast serving is possible. At
the sane tine, the stream ng server nay use the sane repository of
stored layers to conpose different streans (with a different set of

| ayers) intended for other audiences.

As every endpoint receives only a single SVC RTP session, the nunber
of firewall pinholes can be optimzed to one.

The main difference between this scenario and straightforward

sinul casting lies in the architecture and the requirenments of the
streaming server, and is therefore out of the scope of |IETF
standardi zati on. However, conpelling arguments can be made why such
a stream ng server design makes sense. One possible argunent is

rel ated to storage space and channel bandwi dth. Another is bandwi dth
adaptability without transcoding -- a considerable advantage in a
congestion controll ed network. Wen the streanmi ng server |earns
about congestion, it can reduce the sending bitrate by choosing fewer
| ayers when conposing the | ayered stream see Section 9. SVCis
designed to gracefully support both bandw dth ranp-down and bandw dt h
ranp-up with a considerable dynanm c range. This payload format is
designed to allow for bandwidth flexibility in the nentioned sense.
While, in theory, a transcoding step could achieve a simlar dynamc
range, the conputational dermands are inpractically high and video
quality is typically lowered -- therefore, few (if any) stream ng
servers inplenment full transcodi ng.
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11. 4. Videoconferencing (Unicast to MANE, Unicast to Endpoints)

Vi deoconferencing has traditionally relied on Miltipoint Control
Units (MCUs). These units connect endpoints in a star configuration
and operate as follows. Coded video is transnmitted from each
endpoint to the MCU, where it is decoded, scaled, and conposited to
construct output frames, which are then re-encoded and transmitted to
the endpoint(s). |In systenms supporting personalized | ayout (each
user is allowed to select the |ayout of his/her screen), the
conpositing and encodi ng process is perfornmed for each of the

recei ving endpoints. Even w thout personalized |ayout, rate matching
still requires that the encoding process at the MCU is perforned
separately for each endpoint. As a result, MCUs have consi derabl e
complexity and introduce significant delay. The cascaded encodi ngs
al so reduce the video quality. Particularly for multipoint
connections, interactive conmunication is cunbersone as the end-to-
end delay is very high [G114]. A sinpler architecture is the
switching MCU, in which one of the inconing video streans is
redirected to the receiving endpoints. bviously, only one user at a
time can be seen and rate matching cannot be perforned, thus forcing
all transmitting endpoints to transnit at the |lowest bit rate

avail able in the MCU-t o-endpoi nt connecti ons.

Wth scal abl e video coding the MCU can be replaced with an
application-level router (ALR): this unit sinply selects which

i ncom ng packets should be transnmitted to which of the receiving
endpoints [Eleft]. 1In such a system each endpoint perforns its own
conmposition of the incom ng video streanms. Assum ng, for exanple, a
systemthat uses spatial scalability with two | ayers, personalized

| ayout is equivalent to instructing the ALRto only send the required
packets for the corresponding resolution to the particul ar endpoint.
Simlarly, rate matching at the ALR for a particul ar endpoint can be
performed by selecting an appropriate subset of the incoming video
packets to transmit to the particul ar endpoint. Personalized |ayout
and rate matching thus becone routing decisions, and require no
signal processing. Note that scalability also allows participants to
enjoy the best video quality afforded by their links, i.e., users no
| onger have to be forced to operate at the quality supported by the
weakest endpoint. Mdst inportantly, the ALR has an insignificant
contribution to the end-to-end delay, typically an order of magnitude
Il ess than an MCU. This nakes it possible to have fully interactive
mul ti point conferences with even a very |arge nunber of participants.
There are significant advantages as well in terms of error resilience
and, in fact, error tolerance can be increased by nearly an order of
magni t ude here as well (e.g., using unequal error protection).
Finally, the very |low delay of an ALR all ows these systens to be
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cascaded, with significant benefits in terns of system design and
depl oynent. Cascading of traditional MCUs is inpossible due to the
very high delay that even a single MCU introduces.

Scal abl e vi deo codi ng enabl es a very significant paradigmshift in
vi deoconf erenci ng systens, bringing the conplexity of video

communi cati on systens (particularly the servers residing within the
network) in line with other types of network applications.

11.5. Mbile TV (Miulticast to MANE, Unicast to Endpoint)

This scenario is a bit nore conplex, and designed to optim ze the
network traffic in a core network, while still requiring only a
single pinhole in the endpoint’s firewall. One of its key
applications is the nobile TV narket.

Consider a large private IP network, e.g., the core network of the
Third Generation Partnership Project (3GPP). Stream ng servers
within this core network can be assuned to be professionally

mai ntained. It is assuned that these servers can have many ports
open to the network and that layered nmulticast is a real option
Therefore, the stream ng server nulticasts SVC scal abl e | ayers

i nstead of simnulcasting different representations of the sane content
at different bitrates

Al so consider many endpoints of different classes. Sonme of these
endpoi nts may | ack the processing power or the display size to

meani ngful 'y decode all |ayers; others may have these capabilities.
Users of some endpoints may wish not to pay for high quality and are
happy with a base service, which nmay be cheaper or even free. Oher
users are willing to pay for high quality. Finally, sone connected
users nmay have a bandwidth problemin that they can’t receive the
bandwi dth they would want to receive -- be it through congestion
connectivity, change of service quality, or for whatever other
reasons. However, all these users have in comon that they don’t
want to be exposed too nuch, and therefore the nunber of firewall

pi nhol es needs to be small.

This situation can be handl ed best by introduci ng m ddl eboxes cl ose
to the edge of the core network, which receive the |layered multicast
streanms and conpose the single SVC scal abl e bitstream according to
the needs of the endpoint connected. These ni ddl eboxes are call ed
MANEs t hroughout this specification. |In practice, the authors
envision the MANE to be part of (or at |east physically and
topologically close to) the base station of a nobile network, where
all the signaling and nedia traffic necessarily are multiplexed on

t he sanme physical |ink
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12.

13.

13.

MANEs necessarily need to be fairly conpl ex devices. They certainly
need to understand the signaling, so, for exanple, to associate the
payl oad type octet in the RTP header with the SVC payl oad type.

A MANE may aggregate nultiple RTP streans, possibly fromnmultiple RTP
sessions, thus to reduce the nunber of firewall pinholes required at
the endpoints, or may optim ze the outgoing RTP streamto the MIU
size of the outgoing path by utilizing the aggregation and
fragment ati on mechani sms of this neno. This type of MANE is
conceptual ly easy to inplenment and can of fer powerful features,
primarily because it necessarily can "see" the payload (including the
RTP payl oad headers), utilize the wealth of layering information
avai l abl e therein, and mani pulate it.

A MANE can al so performstreamthinning, in order to adhere to
congestion control principles as discussed in Section 9. Wile the
i npl enmentation of the forward (nedia) channel of such a MANE appears
to be conparatively sinple, the need to rewite RTCP RRs nakes even
such a MANE a conpl ex devi ce.

While the inplenmentation conplexity of either case of a MANE, as
di scussed above, is fairly high, the conputational denands are
comparatively | ow.
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