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Abstract

This nenp describes an RTP Payload format for the ITUT

Recommendati on H. 264 vi deo codec and the technically identical

| SO I EC International Standard 14496- 10 video codec. The RTP payl oad
format allows for packetization of one or nore Network Abstraction
Layer Units (NALUs), produced by an H 264 video encoder, in each RTP
payl oad. The payl oad fornmat has wi de applicability, as it supports
applications fromsinple I ow bit-rate conversational usage, to
Internet video streaning with interl eaved transm ssion, to high bit-
rate vi deo-on-demand.
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1. Introduction
1.1. The H. 264 Codec

This nenp specifies an RTP payl oad specification for the video codi ng
standard known as | TU-T Reconmendation H. 264 [1] and | SO | EC
International Standard 14496 Part 10 [2] (both al so known as Advanced
Vi deo Codi ng, or AVC). Recommendation H. 264 was approved by ITU-T on
May 2003, and the approved draft specification is available for
public review [8]. In this nmeno the H 264 acronymis used for the
codec and the standard, but the nmeno is equally applicable to the

| SO I EC counterpart of the coding standard.

The H. 264 vi deo codec has a very broad application range that covers
all fornms of digital conpressed video from low bit-rate Internet
stream ng applications to HDTV broadcast and Digital C nena
applications with nearly | ossless coding. Conpared to the current
state of technol ogy, the overall performance of H 264 is such that

bit rate savings of 50% or nore are reported. Digital Satellite TV
quality, for exanple, was reported to be achievable at 1.5 Miit/s,
conpared to the current operation point of MPEG 2 video at around 3.5
Mit/s [9].

The codec specification [1] itself distinguishes conceptually between
a video coding layer (VCL) and a network abstraction layer (NAL).

The VCL contains the signal processing functionality of the codec;
nmechani sns such as transform quantization, and notion conpensated
prediction; and a loop filter. It follows the general concept of
nost of today’'s video codecs, a macrobl ock-based coder that uses
inter picture prediction with notion conpensation and transform
coding of the residual signal. The VCL encoder outputs slices: a bit
string that contains the nmacrobl ock data of an integer nunber of
macr obl ocks, and the information of the slice header (containing the
spati al address of the first macroblock in the slice, the initial
quanti zation paranmeter, and simlar information). Macroblocks in
slices are arranged in scan order unless a different macrobl ock

all ocation is specified, by using the so-called Flexible Mcrobl ock
Ordering syntax. In-picture prediction is used only within a slice.
More information is provided in [9].

The Network Abstraction Layer (NAL) encoder encapsul ates the slice
out put of the VCL encoder into Network Abstraction Layer Units (NAL
units), which are suitable for transm ssion over packet networks or
use in packet oriented nultiplex environnents. Annex B of H. 264
defines an encapsul ati on process to transmt such NAL units over
byte-streamoriented networks. In the scope of this nmeno, Annex B is
not rel evant.
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Internally, the NAL uses NAL units. A NAL unit consists of a one-
byt e header and the payl oad byte string. The header indicates the
type of the NAL unit, the (potential) presence of bit errors or
syntax violations in the NAL unit payload, and information regarding
the relative inportance of the NAL unit for the decodi ng process.
Thi s RTP payl oad specification is designed to be unaware of the bit
string in the NAL unit payl oad.

One of the main properties of H 264 is the conplete decoupling of the
transm ssion tinme, the decoding tinme, and the sanpling or
presentation time of slices and pictures. The decodi ng process
specified in H 264 is unaware of time, and the H 264 syntax does not
carry information such as the nunmber of skipped frames (as is common
in the formof the Tenporal Reference in earlier video conpression
standards). Also, there are NAL units that affect nany pictures and
that are, therefore, inherently tinmeless. For this reason, the
handl ing of the RTP tinmestanp requires sonme special considerations
for NAL units for which the sanpling or presentation tinme is not
defined or, at transm ssion tine, unknown.

1.2. Paraneter Set Concept

One very fundanental design concept of H 264 is to generate self-
cont ai ned packets, to nmake mechani sms such as the header duplication
of RFC 2429 [10] or MPEG 4’ s Header Extension Code (HEC) [11]
unnecessary. This was achi eved by decoupling information relevant to
nmore than one slice fromthe nedia stream This higher |ayer neta

i nformati on should be sent reliably, asynchronously, and in advance
fromthe RTP packet streamthat contains the slice packets.
(Provisions for sending this information in-band are al so avail abl e
for applications that do not have an out-of-band transport channe
appropriate for the purpose.) The conbination of the higher-Ieve
paraneters is called a paraneter set. The H. 264 specification

i ncludes two types of parameter sets: sequence paraneter set and

pi cture paraneter set. An active sequence paraneter set renains
unchanged t hroughout a coded vi deo sequence, and an active picture
paraneter set remai ns unchanged within a coded picture. The sequence
and picture paraneter set structures contain information such as

pi cture size, optional coding nodes enpl oyed, and macrobl ock to slice
group map.

To be able to change picture parameters (such as the picture size)

wi thout having to transmt paraneter set updates synchronously to the
slice packet stream the encoder and decoder can maintain a |ist of
nmore than one sequence and picture paranmeter set. Each slice header
contains a codeword that indicates the sequence and picture paraneter
set to be used.
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Thi s nechani sm all ows the decoupling of the transm ssion of paraneter
sets fromthe packet stream and the transm ssion of them by externa
nmeans (e.g., as a side effect of the capability exchange), or through
a (reliable or unreliable) control protocol. It may even be possible
that they are never transmtted but are fixed by an application
desi gn specification.

1.3. Network Abstraction Layer Unit Types

Tutorial information on the NAL design can be found in [12], [13],
and [ 14].

Al'l NAL units consist of a single NAL unit type octet, which al so
co-serves as the payl oad header of this RTP payload format. The
payl oad of a NAL unit follows imed ately.

The syntax and semantics of the NAL unit type octet are specified in
[1], but the essential properties of the NAL unit type octet are
sumari zed below. The NAL unit type octet has the followi ng format:

| O] 1] 2| 3| 4| 5] 6] 7|
T S S S SR S R S
| FINRI|  Type |

The semantics of the conmponents of the NAL unit type octet, as
specified in the H 264 specification, are described briefly bel ow

F: 1 bit
forbidden_zero_bit. The H 264 specification declares a val ue of
1 as a syntax violation.

NRI: 2 bits
nal _ref_idc. A value of 00 indicates that the content of the NAL
unit is not used to reconstruct reference pictures for inter
pi cture prediction. Such NAL units can be discarded w thout
risking the integrity of the reference pictures. Values greater
than 00 indicate that the decoding of the NAL unit is required to
mai ntain the integrity of the reference pictures.

Type: 5 bits
nal _unit_type. This conponent specifies the NAL unit payl oad type
as defined in table 7-1 of [1], and later within this neno. For a
reference of all currently defined NAL unit types and their
semantics, please refer to section 7.4.1 in [1].
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This neno introduces new NAL unit types, which are presented in
section 5.2. The NAL unit types defined in this nmeno are marked as
unspecified in [1]. Moreover, this specification extends the
semantics of F and NRI as described in section 5.3.

2. Conventions

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119 [3].

This specification uses the notion of setting and clearing a bit when
bit fields are handled. Setting a bit is the sane as assigning that
bit the value of 1 (On). Cdearing a bit is the same as assignhi ng
that bit the value of 0 (Of).

3. Scope

Thi s payl oad specification can only be used to carry the "naked"

H. 264 NAL unit stream over RTP, and not the bitstream format

di scussed in Annex B of H. 264. Likely, the first applications of
this specification will be in the conversational nmultinedia field,

vi deo tel ephony or video conferencing, but the payl oad fornmat al so
covers other applications, such as Internet stream ng and TV over |P.

4. Definitions and Abbreviati ons
4. 1. Definitions

Thi s docunent uses the definitions of [1]. The follow ng ternms,
defined in [1], are sunmed up for conveni ence:

access unit: A set of NAL units always containing a primary coded
picture. In addition to the prinmary coded picture, an access unit
may al so contain one or nore redundant coded pictures or other NAL
units not containing slices or slice data partitions of a coded

pi cture. The decoding of an access unit always results in a
decoded picture.

coded vi deo sequence: A sequence of access units that consists, in
decodi ng order, of an instantaneous decoding refresh (I DR) access
unit followed by zero or nore non-IDR access units including al
subsequent access units up to but not including any subsequent |DR
access unit.

| DR access unit: An access unit in which the primary coded picture
is an IDR picture.
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I DR picture: A coded picture containing only slices with | or Sl
slice types that causes a "reset" in the decoding process. After
t he decoding of an IDR picture, all follow ng coded pictures in
decodi ng order can be decoded wi thout inter prediction from any
pi cture decoded prior to the IDR picture.

primary coded picture: The coded representation of a picture to be
used by the decoding process for a bitstreamconfornming to H. 264.
The primary coded picture contains all nacrobl ocks of the picture.

redundant coded picture: A coded representation of a picture or a
part of a picture. The content of a redundant coded picture shal
not be used by the decoding process for a bitstreamconforming to
H 264. The content of a redundant coded picture nay be used by
the decodi ng process for a bitstreamthat contains errors or

| osses.

VCL NAL unit: A collective termused to refer to coded slice and
coded data partition NAL units.

addition, the followi ng definitions apply:

decodi ng order nunmber (DON): A field in the payl oad 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 val ue of DON waps around to O.

NAL unit decoding order: A NAL unit order that conforns to the
constraints on NAL unit order given in section 7.4.1.2 in [1].

transmi ssion order: The order of packets in ascendi ng RTP sequence
nunmber order (in nodulo arithnetic). Wthin an aggregation
packet, the NAL unit transmission order is the sanme as the order
of appearance of NAL units in the packet.

nmedi a aware network el enent (MANE): A network el enent, such as a
n ddl ebox or application |ayer gateway that is capable of parsing
certain aspects of the RTP payl oad headers or the RTP payl oad and
reacting to the contents.

Informative note: The concept of a MANE goes beyond nor mal
routers or gateways in that a MANE has to be aware of the
signhaling (e.g., to |learn about the payload type mappi ngs of
the nmedia streans), and in that it has to be trusted when

wor king with SRTP. The advantage of using MANES is that they
al | ow packets to be dropped according to the needs of the nedia
coding. For exanple, if a MANE has to drop packets due to
congestion on a certain link, it can identify those packets
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whose dropping has the small est negative inpact on the user
experience and renmove themin order to renove the congestion
and/ or keep the delay |ow.

Abbr evi ati ons

DON: Decodi ng Order Nunber

DONB: Decodi ng Order Nunber Base

DOND: Decodi ng Order Number Difference

FEC. Forward Error Correction

FU: Fragnentation Unit

| DR: I nst ant aneous Decodi ng Refresh

| EC. International Electrotechnical Commi ssion

| SC International Organi zation for Standardization

| TU-T: I nternati onal Tel ecommuni cati on Uni on,
Tel ecommuni cati on Standardi zati on Sector

MANE: Medi a Awar e Networ k El enent

MTAP: Mul ti-Ti me Aggregation Packet

MTAP16: MIAP with 16-bit tinmestanp of fset

MTAP24: MIAP with 24-bit tinmestanp of fset

NAL: Net wor k Abstraction Layer

NAL U: NAL Uni t

SEI : Suppl ement al Enhancenent | nformation

STAP: Si ngl e- Ti me Aggregati on Packet

STAP- A STAP type A

STAP- B: STAP type B

TS: Ti mest anp

VCL: Vi deo Codi ng Layer

5. RTP Payl oad For nmat
5.1. RTP Header Usage

The fornmat of the RTP header is specified in RFC 3550 [4] and
reprinted in Figure 1 for convenience. This payload format uses the
fields of the header in a nmanner consistent with that specification.

When one NAL unit is encapsul ated per RTP packet, the RECOVMENDED RTP
payl oad format is specified in section 5.6. The RTP payl oad (and the
settings for some RTP header bits) for aggregation packets and
fragmentation units are specified in sections 5.7 and 5. 8,
respectively.
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0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
|V=2|P| X CC |M PT | sequence nunber |
T S o T s T T o S T il sl S T R S i i
| ti mestanp |
T S o T s T T o S T il sl S T R S i i
| synchroni zati on source (SSRC) identifier |
+=t+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+
| contributing source (CSRC) identifiers |
I : I

Tk s T S S S S S i S +.- +- Tk w (T S S Y S I T S T S S
Figure 1. RTP header according to RFC 3550

The RTP header information to be set according to this RTP payl oad
format is set as follows:

Marker bit (M: 1 bit
Set for the very |last packet of the access unit indicated by the
RTP timestanp, in line with the normal use of the Mbit in video
formats, to allow an efficient playout buffer handling. For
aggregation packets (STAP and MIAP), the marker bit in the RTP
header MJST be set to the value that the marker bit of the |ast
NAL unit of the aggregation packet would have been if it were
transported in its own RTP packet. Decoders MAY use this bit as
an early indication of the |ast packet of an access unit, but MJST
NOT rely on this property.

Informative note: Only one Mbit is associated with an

aggregati on packet carrying rmultiple NAL units. Thus, if a
gateway has re-packetized an aggregati on packet into severa
packets, it cannot reliably set the Mbit of those packets.

Payl oad type (PT): 7 bits
The assi gnnment of an RTP payl oad type for this new packet format
is outside the scope of this docunment and will not be specified
here. The assignnent of a payl oad type has to be perforned either
through the profile used or in a dynanic way.

Sequence nunber (SN): 16 bits
Set and used in accordance with RFC 3550. For the single NALU and
non-interl eaved packetization node, the sequence nunber is used to
det erm ne decodi ng order for the NALU

Ti mestanp: 32 bits

The RTP tinmestanp is set to the sanpling tinestanp of the content.
A 90 kHz clock rate MJST be used.
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If the NAL unit has no timng properties of its own (e.qg.,
paraneter set and SEI NAL units), the RTP tinestanp is set to the
RTP tinmestanp of the primary coded picture of the access unit in
whi ch the NAL unit is included, according to section 7.4.1.2 of

[1].

The setting of the RTP Tinmestanp for MIAPs is defined in section
5.7.2.

Recei vers SHOULD i gnhore any picture timng SEI nessages incl uded
in access units that have only one display tinmestanp. |nstead,
recei vers SHOULD use the RTP tinmestanp for synchronizing the

di spl ay process.

RTP senders SHOULD NOT transnit picture timng SEI nessages for
pictures that are not supposed to be displayed as nmultiple fields.

If one access unit has nore than one display tinestanp carried in
a picture tinmng SEI nessage, then the information in the SE
message SHOULD be treated as relative to the RTP tinmestanmp, with
the earliest event occurring at the tine given by the RTP

ti mestanp, and subsequent events later, as given by the difference
in SEI nmessage picture tinming values. Let tSEI1l, tSEI2, ...,
tSEIn be the display timestanps carried in the SEI nessage of an
access unit, where tSEI1l is the earliest of all such tinestanps.
Let tmadjst() be a function that adjusts the SEI nessages tine
scale to a 90-kHz tinme scale. Let TS be the RTP tinestanp. Then,
the display tinme for the event associated with tSEI1 is TS. The
display time for the event with tSEIx, where x is [2..n] is TS +
tmadj st (tSEIx - tSElI1).

I nformative note: Displaying coded frames as fields is needed
commonly in an operation known as 3:2 pulldown, in which film
content that consists of coded franes is displayed on a display
using interlaced scanning. The picture tining SEI nessage
enabl es carriage of nultiple tinmestanps for the sane coded

pi cture, and therefore the 3:2 pulldown process is perfectly
controlled. The picture tinmng SEI nmessage nechanismis
necessary because only one tinestanp per coded frame can be
conveyed in the RTP tinestanp.

Informative note: Because H. 264 allows the decoding order to be
different fromthe display order, values of RTP tinestanps nay
not be nonotonically non-decreasing as a function of RTP
sequence nunbers. Furthernore, the value for interarriva
jitter reported in the RTCP reports may not be a trustworthy

i ndi cati on of the network performance, as the calculation rules
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for interarrival jitter (section 6.4.1 of RFC 3550) assune that
the RTP timestanp of a packet is directly proportional to its
transni ssion tine.

5.2. Conmmon Structure of the RTP Payl oad For mat

The payl oad format defines three different basic payl oad structures.
A receiver can identify the payload structure by the first byte of
the RTP payl oad, which co-serves as the RTP payl oad header and, in
some cases, as the first byte of the payload. This byte is always
structured as a NAL unit header. The NAL unit type field indicates
which structure is present. The possible structures are as foll ows:

Single NAL Unit Packet: Contains only a single NAL unit in the

payl oad. The NAL header type field will be equal to the original NAL
unit type; i.e., inthe range of 1 to 23, inclusive. Specified in
section 5.6.

Aggregati on packet: Packet type used to aggregate multiple NAL units
into a single RTP payload. This packet exists in four versions, the
Si ngl e-Ti me Aggregati on Packet type A (STAP-A), the Single-Tine

Aggr egati on Packet type B (STAP-B), Milti-Time Aggregation Packet
(MITAP) with 16-bit offset (MIAP16), and Milti-Ti me Aggregati on Packet
(MITAP) with 24-bit offset (MIAP24). The NAL unit type nunbers

assi gned for STAP-A, STAP-B, MIAP16, and MIAP24 are 24, 25, 26, and
27, respectively. Specified in section 5.7.

Fragnmentation unit: Used to fragnent a single NAL unit over nultiple
RTP packets. Exists with two versions, FU-A and FU-B, identified
with the NAL unit type nunbers 28 and 29, respectively. Specified in
section 5. 8.

Table 1. Summary of NAL unit types and their payload structures

Type Packet Type nane Section
0 undefi ned -
1-23 NAL unit Single NAL unit packet per H. 264 5.6
24 STAP- A Single-time aggregati on packet 5.7.1
25 STAP-B Single-time aggregati on packet 5.7.1
26 MIAP16 Mul ti-time aggregation packet 5.7.2
27 MIAP24 Mul ti-time aggregation packet 5.7.2
28 FU- A Fragment ati on unit 5.8
29 FU-B Fragment ati on unit 5.8

30-31 undefined
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Informative note: This specification does not limt the size of
NAL units encapsulated in single NAL unit packets and
fragnmentation units. The maxi num size of a NAL unit encapsul at ed
in any aggregation packet is 65535 bytes.

5.3. NAL Unit Cctet Usage

The structure and semantics of the NAL unit octet were introduced in
section 1.3. For convenience, the format of the NAL unit type octet
is reprinted bel ow

| O] 1] 2| 3| 4| 5] 6] 7|
T S S S SR S R S
| FINRI|  Type |

This section specifies the semantics of F and NRI according to this
speci ficati on.

F: 1 bit
forbidden_zero_bit. A value of O indicates that the NAL unit type
octet and payl oad should not contain bit errors or other syntax
violations. A value of 1 indicates that the NAL unit type octet
and payload nay contain bit errors or other syntax violations.

MANEs SHOULD set the F bit to indicate detected bit errors in the
NAL unit. The H. 264 specification requires that the F bit is
equal to 0. Wen the F bit is set, the decoder is advised that
bit errors or any other syntax violations may be present in the
payload or in the NAL unit type octet. The sinplest decoder
reaction to a NAL unit in which the F bit is equal to 1 is to

di scard such a NAL unit and to conceal the lost data in the

di scarded NAL unit.

NRI: 2 bits
nal _ref_idc. The senmantics of value 00 and a non-zero val ue
remai n unchanged fromthe H 264 specification. |In other words, a
val ue of 00 indicates that the content of the NAL unit is not used
to reconstruct reference pictures for inter picture prediction.
Such NAL units can be discarded without risking the integrity of
the reference pictures. Values greater than 00 indicate that the
decoding of the NAL unit is required to maintain the integrity of
the reference pictures.

In addition to the specification above, according to this RTP

payl oad specification, values of NRI greater than 00 indicate the
relative transport priority, as determned by the encoder. MANEs
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can use this information to protect nore inportant NAL units
better than they do less inportant NAL units. The highest
transport priority is 11, followed by 10, and then by 01; finally,
00 is the | owest.

I nformative note: Any non-zero value of NRI is handled
identically in H 264 decoders. Therefore, receivers need not
mani pul ate the value of NRI when passing NAL units to the
decoder.

An H. 264 encoder MUST set the value of NRI according to the H 264
speci fication (subclause 7.4.1) when the value of nal _unit_type is
inthe range of 1 to 12, inclusive. |In particular, the H 264
specification requires that the value of NRI SHALL be equal to O
for all NAL units having nal _unit_type equal to 6, 9, 10, 11, or
12.

For NAL units having nal __unit_type equal to 7 or 8 (indicating a
sequence paraneter set or a picture paraneter set, respectively),
an H 264 encoder SHOULD set the value of NRI to 11 (in binary
format). For coded slice NAL units of a primary coded picture
having nal _unit_type equal to 5 (indicating a coded slice

bel onging to an IDR picture), an H 264 encoder SHOULD set the
value of NRI to 11 (in binary format).

For a mapping of the remaining nal _unit_types to NRl val ues, the
foll ow ng exanpl e MAY be used and has been shown to be efficient
in a certain environment [13]. Oher nmappings MAY al so be
desirabl e, depending on the application and the H 264/ AVC Annex A
profile in use.

Informative note: Data Partitioning is not available in certain
profiles; e.g., in the Main or Baseline profiles.

Consequently, the nal unit types 2, 3, and 4 can occur only if
the video bitstreamconforns to a profile in which data
partitioning is allowed and not in streans that conformto the
Main or Baseline profiles.

Table 2. Exanple of NRI values for coded slices and coded slice
data partitions of primary coded reference pictures

NAL Unit Type Content of NAL unit NRI (bi nary)
1 non- |1 DR coded slice 10
2 Coded slice data partition A 10
3 Coded slice data partition B 01
4 Coded slice data partition C 01
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| nformati ve note: As nentioned before, the NR val ue of non-
reference pictures is 00 as mandated by H. 264/ AVC

An H. 264 encoder SHOULD set the value of NRI for coded slice and
coded slice data partition NAL units of redundant coded reference
pictures equal to 01 (in binary format).

Definitions of the values for NRI for NAL unit types 24 to 29,
inclusive, are given in sections 5.7 and 5.8 of this neno.

No recommendation for the value of NRI is given for NAL units
having nal _unit_type in the range of 13 to 23, inclusive, because
t hese values are reserved for ITUT and ISOIEC. No
recommendation for the value of NRI is given for NAL units having
nal _unit_type equal to O or in the range of 30 to 31, inclusive,
as the semantics of these values are not specified in this neno.

5.4. Packetizati on Mddes

This meno specifies three cases of packetization nodes:

o

Single NAL unit node
Non-i nterl eaved node
I nterl eaved node

o O

The single NAL unit node is targeted for conversational systens that
conply with I TU-T Reconmendati on H. 241 [15] (see section 12.1). The
non-interleaved node is targeted for conversational systens that nmay
not conply with I TUT Recormendation H. 241. 1|In the non-interleaved
node, NAL units are transmitted in NAL unit decoding order. The
interl eaved node is targeted for systens that do not require very | ow
end-to-end latency. The interleaved node allows transm ssion of NAL
units out of NAL unit decodi ng order

The packetization node in use MAY be signal ed by the value of the
OPTI ONAL packetizati on-nmode M ME paraneter or by external neans. The
used packetizati on node governs which NAL unit types are allowed in
RTP payl oads. Table 3 summarizes the allowed NAL unit types for each
packeti zati on node. Sone NAL unit type val ues (indicated as
undefined in Table 3) are reserved for future extensions. NAL units
of those types SHOULD NOT be sent by a sender and MJST be ignored by
a receiver. For exanple, the Types 1-23, with the associ ated packet
type "NAL unit", are allowed in "Single NAL Unit Mde" and in "Non-
Interl eaved Mbde", but disallowed in "Interl eaved Mode".

Packeti zati on nodes are explained in nore detail in section 6.
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Table 3. Summary of allowed NAL unit types for each packetization

node (yes = allowed, no = disallowed, ig = ignore)
Type Packet Si ngl e NAL Non- I nt erl eaved Interl eaved
Unit Mode Mode Mode
0 undefi ned ig ig ig
1-23 NAL unit yes yes no
24 STAP- A no yes no
25 STAP-B no no yes
26 MIAP16 no no yes
27 MIrAP24 no no yes
28 FU- A no yes yes
29 FU- B no no yes
30-31 undefined ig ig ig

5.5. Decoding Order Nunber (DON)

In the interl eaved packetizati on node, the transm ssion order of NAL
units is allowed to differ fromthe decoding order of the NAL units.
Decodi ng order nunber (DON) is a field in the payload structure or a
derived variable that indicates the NAL unit decodi ng order.

Rati onal e and exanpl es of use cases for transm ssion out of decoding
order and for the use of DON are given in section 13.

The coupling of transm ssion and decoding order is controlled by the
OPTI ONAL sprop-interl eaving-depth MM paraneter as follows. Wen
the val ue of the OPTIONAL sprop-interl eaving-depth M ME paraneter is
equal to O (explicitly or per default) or transm ssion of NAL units
out of their decoding order is disallowed by external neans, the
transm ssion order of NAL units MJST conformto the NAL unit decoding
order. Wen the value of the OPTIONAL sprop-interleaving-depth M NME
paraneter is greater than 0 or transnission of NAL units out of their
decodi ng order is allowed by external neans,

0 the order of NAL units in an MIAP16 and an MIAP24 is NOT REQUI RED
to be the NAL unit decoding order, and

0 the order of NAL units generated by decapsul ati ng STAP-Bs, MIAPs,
and FUs in two consecutive packets is NOT REQU RED to be the NAL
unit decodi ng order.

The RTP payl oad structures for a single NAL unit packet, an STAP-A,
and an FU-A do not include DON. STAP-B and FU-B structures include
DON, and the structure of MIAPs enabl es derivation of DON as
specified in section 5.7.2.
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Informati ve note: When an FU-A occurs in interleaved node, it
al ways follows an FU-B, which sets its DON.

Informative note: If a transnmitter wants to encapsul ate a single
NAL unit per packet and transmit packets out of their decodi ng
order, STAP-B packet type can be used.

In the single NAL unit packetization node, the transm ssion order of
NAL units, determined by the RTP sequence nunmber, MJST be the sane as
their NAL unit decoding order. |In the non-interleaved packetization
node, the transmi ssion order of NAL units in single NAL unit packets,
STAP- As, and FU-As MJUST be the sane as their NAL unit decodi ng order
The NAL units within an STAP MJUST appear in the NAL unit decoding
order. Thus, the decoding order is first provided through the
inplicit order within a STAP, and second provi ded through the RTP
sequence nunber for the order between STAPs, FUs, and single NAL unit
packet s.

Signaling of the value of DON for NAL units carried in STAP-B, MIAP,
and a series of fragnmentation units starting with an FU-B is
specified in sections 5.7.1, 5.7.2, and 5.8, respectively. The DON
value of the first NAL unit in transm ssion order MAY be set to any
value. 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 O.

The decoding order of two NAL units contained in any STAP-B, MIAP, or
a series of fragnentation units starting with an FU-B is determ ned
as follows. Let DON(i) be the decoding order nunber of the NAL unit
having index i in the transm ssion order. Function don_diff(mn) is
specified as foll ows:

If DON(m) == DON(n), don_diff(mn) =0

If (DON(m < DON(n) and DON(n) - DON(m) < 32768),
don_diff(mn) = DON(n) - DON(m

If (DON(m > DON(n) and DON(n) - DON(n) >= 32768),
don_diff(mn) = 65536 - DON(nm) + DON(n)

If (DON(mM < DON(n) and DON(n) - DON(m) >= 32768),
don_diff(mn) = - (DON(m) + 65536 - DON(n))

If (DON(m > DON(n) and DON(n) - DON(n) < 32768),
don_diff(mn) = - (DON(m) - DON(nN))

A positive value of don_diff(mmn) indicates that the NAL unit having

transm ssion order index n follows, in decoding order, the NAL unit
havi ng transmi ssion order index m Wen don_diff(mn) is equal to O,
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then the NAL unit decoding order of the two NAL units can be in
either order. A negative value of don_diff(mn) indicates that the
NAL unit having transm ssion order index n precedes, in decoding
order, the NAL unit having transm ssion order index m

Val ues of DON related fields (DON, DONB, and DOND, see section 5.7)
MUST be such that the decodi ng order determ ned by the val ues of DON,
as specified above, confornms to the NAL unit decoding order. |If the
order of two NAL units in NAL unit decoding order is switched and the
new order does not conformto the NAL unit decodi ng order, the NAL
units MJUST NOT have the sane value of DON. |If the order of two
consecutive NAL units in the NAL unit streamis sw tched and the new
order still conforns to the NAL unit decoding order, the NAL units
MAY have the sanme value of DON. For exanple, when arbitrary slice
order is allowed by the video coding profile in use, all the coded
slice NAL units of a coded picture are allowed to have the sane val ue
of DON. Consequently, NAL units having the same value of DON can be
decoded in any order, and two NAL units having a different val ue of
DON shoul d be passed to the decoder in the order specified above.
When two consecutive NAL units in the NAL unit decoding order have a
di fferent value of DON, the value of DON for the second NAL unit in
decodi ng order SHOULD be the value of DON for the first, increnented
by one.

An exanpl e of the decapsul ation process to recover the NAL unit
decoding order is given in section 7.

Informative note: Receivers should not expect that the absolute

di fference of values of DON for two consecutive NAL units in the
NAL unit decoding order will be equal to one, even in error-free
transmi ssion. An increment by one is not required, as at the tine
of associating values of DON to NAL units, it may not be known
whether all NAL units are delivered to the receiver. For exanple,
a gateway nay not forward coded slice NAL units of non-reference
pictures or SEI NAL units when there is a shortage of bit rate in
the network to which the packets are forwarded. In another
exanple, a live broadcast is interrupted by pre-encoded content,
such as commercials, fromtime to tine. The first intra picture
of a pre-encoded clip is transmitted in advance to ensure that it
is readily available in the receiver. Wen transmtting the first
intra picture, the originator does not exactly know how many NAL
units will be encoded before the first intra picture of the pre-
encoded clip follows in decoding order. Thus, the values of DON
for the NAL units of the first intra picture of the pre-encoded
clip have to be estimted when they are transmitted, and gaps in
val ues of DON may occur.
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5.6. Single NAL Unit Packet

The single NAL unit packet defined here MJST contain only one NAL
unit, of the types defined in [1]. This nmeans that neither an
aggregati on packet nor a fragnentation unit can be used within a
single NAL unit packet. A NAL unit stream conposed by decapsul ati ng
single NAL unit packets in RTP sequence nunber order MJST conformto
the NAL unit decoding order. The structure of the single NAL unit
packet is shown in Figure 2.

Informative note: The first byte of a NAL unit co-serves as the
RTP payl oad header.

0 1 2 3
01234567890123456789012345678901
B S S S i i s o S g S S S S s
FINRI| type | |
T i T S e i |
I
I
I

Bytes 2..n of a Single NAL unit

e o S S T S S S e S 3
:...OPTIONAL RTP paddi ng |

+
I
+
I
I
I
I
I
T T I S S T S S il S SIS S SUp St

Figure 2. RTP payload format for single NAL unit packet

5.7. Aggregation Packets

Aggregation packets are the NAL unit aggregation scheme of this

payl oad specification. The schene is introduced to reflect the
dramatically different MIU sizes of two key target networks:

wireline IP networks (with an MIU size that is often limted by the
Et hernet MIU size; roughly 1500 bytes), and IP or non-1P (e.g., ITUT
H. 324/ M based wirel ess conmuni cation systens with preferred

transm ssion unit sizes of 254 bytes or less. To prevent nedia
transcodi ng between the two worlds, and to avoi d undesirable

packeti zati on overhead, a NAL unit aggregation schene is introduced.

Two types of aggregation packets are defined by this specification:

0 Single-tine aggregati on packet (STAP): aggregates NAL units with
identical NALU-tine. Two types of STAPs are defined, one w thout
DON ( STAP-A) and anot her including DON ( STAP-B).

o Milti-time aggregation packet (MIAP): aggregates NAL units with

potentially differing NALU-tine. Two different MIAPs are defi ned,
differing in the Iength of the NAL unit tinestanp of fset.
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The term NALU-tinme is defined as the value that the RTP tinestanp
woul d have if that NAL unit would be transported in its own RTP
packet .

Each NAL unit to be carried in an aggregati on packet is encapsul ated
in an aggregation unit. Please see below for the four different
aggregation units and their characteristics.

The structure of the RTP payload format for aggregation packets is
presented in Figure 3.

0 1 2 3
01234567890123456789012345678901
B i I S T T o o T o i i S I L ih o S S
FINRI| type | |
+- - - - - -+ + |
I
I
I

one or nore aggregation units

i I Tk St S S S
:...OPTIONAL RTP paddi ng |

+
I
+
I
I
I
I
I
T T I S S T S S il S SIS S SUp St

Figure 3. RTP payload format for aggregation packets
MIAPs and STAPs share the followi ng packetization rules: The RTP
ti mestanp MJUST be set to the earliest of the NALU tines of all the
NAL units to be aggregated. The type field of the NAL unit type
octet MJST be set to the appropriate value, as indicated in Table 4.
The F bit MJST be cleared if all F bits of the aggregated NAL units

are zero; otherwise, it MJST be set. The value of NRI MJST be the
maxi nrum of all the NAL units carried in the aggregation packet.

Table 4. Type field for STAPs and MIAPs

Type Packet Ti mest anp of f set DON rel ated fields
field length (DON, DONB, DOND)
(in bits) pr esent

24 STAP- A 0 no

25 STAP- B 0 yes

26 MIAP16 16 yes

27 MIrAP24 24 yes

The marker bit in the RTP header is set to the value that the narker
bit of the last NAL unit of the aggregated packet would have if it
were transported in its own RTP packet.
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The payl oad of an aggregati on packet consists of one or nore
aggregation units. See sections 5.7.1 and 5.7.2 for the four
different types of aggregation units. An aggregation packet can
carry as many aggregation units as necessary; however, the tota
anount of data in an aggregation packet obviously MJST fit into an IP
packet, and the size SHOULD be chosen so that the resulting |IP packet
is smaller than the MIU size. An aggregation packet MJST NOT contain
fragmentation units specified in section 5.8. Aggregation packets
MUST NOT be nested; i.e., an aggregation packet MJST NOT contain

anot her aggregati on packet.

5.7.1. Single-Tinme Aggregation Packet

Single-time aggregati on packet (STAP) SHOULD be used whenever NAL
units are aggregated that all share the sane NALU-tinme. The payl oad
of an STAP- A does not include DON and consists of at |east one
single-tinme aggregation unit, as presented in Figure 4. The payl oad
of an STAP-B consists of a 16-bit unsigned decodi ng order numnber
(DON) (in network byte order) followed by at |east one single-tine
aggregation unit, as presented in Figure 5.

0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
; I
T S S S SR S R S |
I I
| single-time aggregation units |
I I
| I S T i i S YR Y S S
| :
T S S T i (e ST Y S S
Figure 4. Payload format for STAP-A
0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
decodi ng order nunber (DON) | |
s T o S S S S i et S o R i S S |
I I
| single-time aggregation units |
I I
| I S T i i S YR Y S S
| :
T S S T i (e ST Y S S

Figure 5. Payload format for STAP-B
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The DON field specifies the value of DON for the first NAL unit in an
STAP-B in transm ssion order. For each successive NAL unit in

appear ance order in an STAP-B, the value of DON is equal to (the

val ue of DON of the previous NAL unit in the STAP-B + 1) % 65536, in
which "% stands for the nodul o operation

A single-time aggregation unit consists of 16-bit unsigned size
information (in network byte order) that indicates the size of the
following NAL unit in bytes (excluding these two octets, but
including the NAL unit type octet of the NAL unit), followed by the
NAL unit itself, including its NAL unit type byte. A single-tine
aggregation unit is byte aligned within the RTP payload, but it my
not be aligned on a 32-bit word boundary. Figure 6 presents the
structure of the single-time aggregation unit.

0 1 2 3
01234567890123456789012345678901
T ST S e T S Tk a S S S S e T
. NAL unit size | |
T ST S e I T e i S e S i S S |
I I
| NAL unit |
I I
| e o S S T S S S e S 3
| :
T s S S T e e S N e S 3

Figure 6. Structure for single-tine aggregation unit
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Figure 7 presents an exanple of an RTP packet that contains an STAP-
A. The STAP contains two single-tinme aggregation units, labeled as 1
and 2 in the figure.

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

| RTP Header |
T S o T s T T o S T il sl S T R S i i
| STAP- A NAL HDR | NALU 1 Size | NALU 1 HDR |
T S o T s T T o S T il sl S T R S i i
| NALU 1 Data |
+ B s T S S S e S S T et S S S e e
| | NALU 2 Size | NALU 2 HDR |
T S o T s T T o S T il sl S T R S i i
I

NALU 2 Data |
| T T el S S
| :...OPTIONAL RTP paddi ng |
T T T S i o S S S e T T s S S e

Figure 7. An exanple of an RTP packet including an STAP-A and two
single-time aggregation units
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Figure 8 presents an exanple of an RTP packet that contains an STAP-
B. The STAP contains two single-tinme aggregation units, |abeled as 1
and 2 in the figure.

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

| RTP Header |
T i T s s I T sl S P Y S Y S S S S
| STAP-B NAL HDR | DON | NALU 1 Size |
T i T s s I T sl S P Y S Y S S S S
| NALU 1 Size | NALU 1 HDR | NALU 1 Data |
B s T o S S S S i it S S +
+ B s T S S S e S S T et S S S e e
| | NALU 2 Size | NALU 2 HDR |
T i T s s I T sl S P Y S Y S S S S
I

NALU 2 Data |

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

Figure 8. An exanple of an RTP packet including an STAP-B and two
single-time aggregation units

5.7.2. Milti-Tinme Aggregation Packets (MIAPs)

The NAL unit payl oad of MIAPs consists of a 16-bit unsigned decoding
order nunber base (DONB) (in network byte order) and one or nore
multi-tine aggregation units, as presented in Figure 9. DONB MJUST
contain the value of DON for the first NAL unit in the NAL unit
decodi ng order anong the NAL units of the MIAP.

Informative note: The first NAL unit in the NAL unit decodi ng

order is not necessarily the first NAL unit in the order in which
the NAL units are encapsul ated in an MIAP.
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0 1 2 3

01234567890123456789012345678901

e i i S o i S I i S S i (s S
decodi ng order nunber base |

T S T i S ST S S il 1 a2

+
I
I
. | | |
multi-time aggregation units |
I
+

+-
I

I

I

| T S T S S S S
| X

T i S S S s ot S S

Figure 9. NAL unit payload format for MIAPs

Two different multi-tinme aggregation units are defined in this
specification. Both of themconsist of 16 bits unsigned size
information of the following NAL unit (in network byte order), an 8-
bit unsigned decodi ng order nunber difference (DOND), and n bits (in
network byte order) of tinestanp offset (TS offset) for this NAL
unit, whereby n can be 16 or 24. The choice between the different
MIAP types (MIAP16 and MIAP24) is application dependent: the |arger
the tinmestanp offset is, the higher the flexibility of the MIAP, but
t he overhead is al so higher.

The structure of the nmulti-time aggregation units for MIAP16 and
MIAP24 are presented in Figures 10 and 11, respectively. The
starting or ending position of an aggregation unit within a packet is
NOT REQUIRED to be on a 32-bit word boundary. The DON of the
followng NAL unit is equal to (DONB + DOND) % 65536, in which %
denotes the nodul o operation. This nmeno does not specify how t he NAL
units within an MIAP are ordered, but, in nost cases, NAL unit
decodi ng order SHOULD be used.

The tinmestanp of fset field MJST be set to a value equal to the val ue
of the following fornula: If the NALU-tinme is larger than or equal to
the RTP timestanp of the packet, then the tinmestanp of fset equals
(the NALU-time of the NAL unit - the RTP tinestanp of the packet).

If the NALU-tinme is smaller than the RTP tinestanp of the packet,
then the tinestanp offset is equal to the NALU-tinme + (2732 - the RTP
ti mestanp of the packet).
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0 1 2 3
01234567890123456789012345678901
B i I T e e S ks i s i I S S S e S S e s e
NAL unit size | DOND | TS offset |
B i I T e e S ks i s i I S S S e S S e s e
| TS offset | |
e e NAL unit |
I I
| +
I
+-

T i S S T, ST S S
Tk s T S S S S S s S +
Figure 10. Milti-tinme aggregation unit for MIAP16

0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
. NALU unit size | DOND | TS offset |
T S o T s T T o S T il sl S T R S i i
| TS of f set | |
T S S T i (e ST Y S S |
| NAL uni t |
| I S T i i S YR Y S S
| .

+-

T s T S S S S T S +-;|-
Figure 11. Milti-tinme aggregation unit for MIAP24

For the "earliest" nulti-time aggregation unit in an MIAP the
ti mestanp offset MJUST be zero. Hence, the RTP tinestanp of the MIAP
itself is identical to the earliest NALU-ti ne.

Informative note: The "earliest"” multi-tine aggregation unit is
the one that would have the small est extended RTP tinmestanp anong
all the aggregation units of an MIAP if the aggregation units were
encapsul ated in single NAL unit packets. An extended tinmestanp is
a timestanp that has nore than 32 bits and is capable of counting
the wraparound of the tinmestanp field, thus enabling one to
determine the smallest value if the tinmestanp waps. Such an
"earliest" aggregation unit may not be the first one in the order
in which the aggregation units are encapsulated in an MIAP. The
"earliest” NAL unit need not be the same as the first NAL unit in
the NAL unit decodi ng order either.
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Figure 12 presents an exanple of an RTP packet that contains a
mul ti-tinme aggregation packet of type MIAP1l6 that contains two

mul ti-tine aggregation units,

Wenger,

0

1 2

| abeled as 1 and 2 in the figure.

3

01234567890123456789012345678901

1
+
1
+
1

z

1
+ N+ T+
o T
+ +%+

%

+
I
+
I
+
I
+
I
+

5
+C+CH+ O+

+
I
+
I
+
I
+

1
+P+ e+
+T+0+

-+ +-

I
NALU 2 TS

T+ +

T T T S i o S S S e T T s S S e

Figure 12. An RTP packet

B T e S

RTP Header

T o S e S S S T a i S S S S S e

e S S i S S i S

decodi ng order nunber base | NALU 1 Size |
R et T T S S S i i St S S SR SR

NALU 1 DOND | NALU 1 TS of f set
+- +-

+
NALU 1 DATA

B T T I I S S S R Sis S S ST S S

I
+
I
+

T S T S o S i S i Sy S S

NALU 2 SI ZE | NALU 2 DOND |

T o T T S S T i S e s S S S S S S

of f set | NALU 2 HDR | NALU 2 DATA |

e T T S S S S

e S S D i i S S S

. OPTI ONAL RTP paddi ng

including a nulti-time aggregation

packet of type MIAP16 and two nulti-tinme aggregation

units

et al.
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Figure 13 presents an exanple of an RTP packet that contains a
multi-tine aggregati on packet of type MIAP24 that contains two
multi-tine aggregation units, labeled as 1 and 2 in the figure.

0 1 2 3
01234567890123456789012345678901

T S o T s T T o S T il sl S T R S i i
| RTP Header |
R e s o T i i i i S S SR S S e S S S
| MTAP24 NAL HDR | decodi ng order nunber base | NALU 1 Size |
R e s o T i i i i S S SR S S e S S S
| NALU 1 Size | NALU 1 DOND | NALU 1 TS offs |
R e s o T i i i i S S SR S S e S S S
| NALU 1 TS offs | NALU 1 HDR | NALU 1 DATA |
R e s s T S S S +
+ B s T S S S e S S T et S S S e e
| | NALU 2 SIZE | NALU 2 DOND |
T S o T s T T o S T il sl S T R S i i
| NALU 2 TS of f set | NALU 2 HDR |
T S o T s T T o S T il sl S T R S i i
|  NALU 2 DATA |

I S T i i S YR Y S S
. OPTI ONAL RTP paddi ng |
B e e S T s i e o S o S o T s ot S S S S S

+— -

Figure 13. An RTP packet including a nulti-time aggregation
packet of type MIAP24 and two mnulti-tinme aggregation
units

5.8. Fragnentation Units (FUs)

This payload type allows fragnmenting a NAL unit into several RTP
packets. Doing so on the application [ayer instead of relying on
| ower | ayer fragnmentation (e.g., by IP) has the foll ow ng advant ages:

0 The payload format is capable of transporting NAL units bigger
than 64 kbytes over an |Pv4 network that may be present in pre-
recorded video, particularly in Hgh Definition formats (there is
alimt of the nunber of slices per picture, which results in a
l[imt of NAL units per picture, which may result in big NAL
units).

0 The fragnmentation mechanismallows fragnmenting a single picture

and applying generic forward error correction as described in
section 12.5.
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Fragnentation is defined only for a single NAL unit and not for any
aggregati on packets. A fragment of a NAL unit consists of an integer
nunber of consecutive octets of that NAL unit. Each octet of the NAL
unit MJST be part of exactly one fragnment of that NAL unit.

Fragnents of the sane NAL unit MJUST be sent in consecutive order with
ascendi ng RTP sequence nunbers (with no other RTP packets within the
same RTP packet stream being sent between the first and | ast
fragnent). Simlarly, a NAL unit MJST be reassenbled in RTP sequence
nunber order.

When a NAL unit is fragnmented and conveyed within fragnentation units
(FUs), it is referred to as a fragnented NAL unit. STAPs and MIAPs
MUST NOT be fragnmented. FUs MJST NOT be nested; i.e., an FU MJUST NOT
contai n anot her FU

The RTP timestanp of an RTP packet carrying an FUis set to the NALU
time of the fragmented NAL unit.

Figure 14 presents the RTP payl oad format for FU-As. An FU-A
consists of a fragnmentation unit indicator of one octet, a
fragnentation unit header of one octet, and a fragnentation unit
payl oad.

0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
| FU indicator | FU header | |
+-+-+-+-+-4+-F+-+-F+-+-+-4+-4+-4+-+-4+-+ |
I
I
I

| FU payl oad

| R ek s T TR S S R S S
| ;... OPTIONAL RTP paddi ng |
T S o T s T T o S T il sl S T R S i i

Figure 14. RTP payl oad format for FU A
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Fi gure 15 presents the RTP payload format for FU-Bs. An FU-B
consists of a fragnentation unit indicator of one octet, a
fragmentation unit header of one octet, a decoding order numnber (DON)
(in network byte order), and a fragmentation unit payload. In other
words, the structure of FU-B is the sane as the structure of FU A
except for the additional DON field.

0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
| FU indicator | FU header | DON |
R S T S S S S S I S T it R I i S S S e e
I
I
I

FU payl oad

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

Figure 15. RTP payl oad format for FU- B

NAL unit type FU-B MJUST be used in the interleaved packetization node
for the first fragnentation unit of a fragmented NAL unit. NAL unit
type FU-B MJUST NOT be used in any other case. In other words, in the
i nterl eaved packetizati on node, each NALU that is fragnented has an
FU-B as the first fragnment, followed by one or nore FU-A fragnents.

The FU indicator octet has the follow ng fornat:

| O] 1] 2| 3| 4| 5] 6] 7|
T S S S SR S R S
| FINRI|  Type |

Val ues equal to 28 and 29 in the Type field of the FU indicator octet
identify an FU-A and an FU-B, respectively. The use of the F bit is
described in section 5.3. The value of the NRI field MJST be set
according to the value of the NRI field in the fragnented NAL unit.

The FU header has the follow ng format:

| O] 1] 2| 3] 4| 5] 6] 7|
R e s o
| SIEI R Type |
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S: 1 bit
When set to one, the Start bit indicates the start of a fragnented
NAL unit. Wen the following FU payload is not the start of a
fragmented NAL unit payload, the Start bit is set to zero.

E 1 bit
When set to one, the End bit indicates the end of a fragnented NAL
unit, i.e., the last byte of the payload is also the |ast byte of

the fragmented NAL unit. Wen the followi ng FU payload is not the
| ast fragnment of a fragnented NAL unit, the End bit is set to
zero.

R 1 bit
The Reserved bit MJST be equal to 0 and MJST be ignored by the
recei ver.

Type: 5 bits
The NAL unit payload type as defined in table 7-1 of [1].

The value of DONin FU-Bs is sel ected as described in section 5.5.

Informative note: The DON field in FU-Bs all ows gateways to
fragment NAL units to FU-Bs wi thout organizing the incom ng NAL
units to the NAL unit decodi ng order.

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

The FU payl oad consists of fragments of the payload of the fragmented
NAL unit so that if the fragnentation unit payl oads of consecutive
FUs are sequentially concatenated, the payload of the fragmented NAL
unit can be reconstructed. The NAL unit type octet of the fragnented
NAL unit is not included as such in the fragmentation unit payl oad,
but rather the information of the NAL unit type octet of the
fragnented NAL unit is conveyed in F and NRI fields of the FU

i ndi cator octet of the fragnentation unit and in the type field of
the FU header. A FU payl oad MAY have any nunber of octets and MAY be

enpty.

Informative note: Enpty FUs are allowed to reduce the latency of a
certain class of senders in nearly |ossless environments. These
senders can be characterized in that they packetize NALU fragnments
before the NALU is conpl etely generated and, hence, before the
NALU size is known. |If zero-length NALU fragnents were not

al | oned, the sender would have to generate at |east one bit of
data of the follow ng fragment before the current fragnent could
be sent. Due to the characteristics of H 264, where sonetines
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several macrobl ocks occupy zero bits, this is undesirable and can
add delay. However, the (potential) use of zero-length NALUs
shoul d be carefully wei ghed agai nst the increased risk of the |oss
of the NALU because of the additional packets enployed for its
transni ssi on.

If a fragnentation unit is lost, the receiver SHOULD discard al
follow ng fragnmentation units in transm ssion order corresponding to
the sanme fragnented NAL unit.

A receiver in an endpoint or in a MANE MAY aggregate the first n-1
fragments of a NAL unit to an (inconplete) NAL unit, even if fragment
n of that NAL unit is not received. |In this case, the
forbidden_zero_bit of the NAL unit MJST be set to one to indicate a
syntax viol ation.

6. Packetization Rul es

The packetizati on nodes are introduced in section 5.2. The

packeti zation rules comon to nore than one of the packetization
nodes are specified in section 6.1. The packetization rules for the
single NAL unit node, the non-interleaved node, and the interleaved
node are specified in sections 6.2, 6.3, and 6.4, respectively.

6.1. Commpn Packeti zation Rul es

Al'l senders MJST enforce the followi ng packetization rules regardl ess
of the packetization node in use:

0 Coded slice NAL units or coded slice data partition NAL units
bel onging to the sane coded picture (and thus sharing the sanme RTP
ti mestanp val ue) MAY be sent in any order pernitted by the
applicable profile defined in [1]; however, for delay-critical
systens, they SHOULD be sent in their original coding order to
mninze the delay. Note that the coding order is not necessarily
the scan order, but the order the NAL packets becone available to
the RTP stack.

o Paraneter sets are handled in accordance with the rul es and
reconmendati ons given in section 8.4,

0 MANEs MUST NOT duplicate any NAL unit except for sequence or
pi cture paraneter set NAL units, as neither this neno nor the
H. 264 specification provides neans to identify duplicated NAL
units. Sequence and picture paraneter set NAL units MAY be
duplicated to nmake their correct reception nore probable, but any
such duplication MJUST NOT affect the contents of any active
sequence or picture paraneter set. Duplication SHOULD be
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perfornmed on the application |ayer and not by duplicating RTP
packets (with identical sequence nunbers).

Senders using the non-interleaved node and the interl eaved node MJST
enforce the follow ng packetization rule:

o MANEs MAY convert single NAL unit packets into one aggregation
packet, convert an aggregation packet into several single NAL unit
packets, or m x both concepts, in an RTP translator. The RTP
transl ator SHOULD take into account at |east the follow ng
paraneters: path MIU size, unequal protection nechanisnms (e.g.

t hr ough packet - based FEC according to RFC 2733 [ 18], especially

for sequence and picture paranmeter set NAL units and coded slice
data partition A NAL units), bearable | atency of the system and
buffering capabilities of the receiver.

Informative note: An RTP translator is required to handl e RTCP as
per RFC 3550.

6.2. Single NAL Unit Mode

This node is in use when the value of the OPTI ONAL packeti zati on-node
M ME paraneter is equal to O, the packetization-node is not present,
or no other packetization node is signaled by external nmeans. All
receivers MJST support this node. It is primarily intended for |ow
del ay applications that are conpatible with systens using | TUT
Recomrendati on H. 241 [15] (see section 12.1). Only single NAL unit
packets MAY be used in this node. STAPs, MIAPs, and FUs MJST NOT be
used. The transm ssion order of single NAL unit packets MJST conply
with the NAL unit decodi ng order

6.3. Non-Interl eaved Mde

This node is in use when the value of the OPTI ONAL packeti zation-node
M ME paraneter is equal to 1 or the node is turned on by externa
means. This node SHOULD be supported. It is primarily intended for

| owdel ay applications. Only single NAL unit packets, STAP-As, and
FU-As MAY be used in this node. STAP-Bs, MIAPs, and FU-Bs MJST NOT
be used. The transm ssion order of NAL units MJST conmply with the
NAL unit decodi ng order.
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6.4. Interl eaved Mde

This node is in use when the value of the OPTI ONAL packeti zati on-node
M ME paraneter is equal to 2 or the node is turned on by externa
means. Sone receivers MAY support this node. STAP-Bs, MIAPs, FU As,
and FU-Bs MAY be used. STAP-As and single NAL unit packets MJST NOT
be used. The transni ssion order of packets and NAL units is
constrained as specified in section 5.5.

7. De-Packetization Process (Informative)

The de-packetization process is inplenentation dependent. Therefore,
the followi ng description should be seen as an exanple of a suitable
i npl ementation. Oher schenes may be used as well. Optimzations
relative to the described algorithns are |ikely possible. Section
7.1 presents the de-packetization process for the single NAL unit and
non-interl eaved packeti zati on nodes, whereas section 7.2 describes
the process for the interleaved node. Section 7.3 includes
addi ti onal decapsul ation guidelines for intelligent receivers.

Al'l nornmal RTP nechanisnms related to buffer managenent apply. In
particul ar, duplicated or outdated RTP packets (as indicated by the
RTP sequences nunber and the RTP tinmestanp) are renmoved. To
determ ne the exact tine for decoding, factors such as a possible
intentional delay to allow for proper inter-stream synchronization
nmust be factored in.

7.1. Single NAL Unit and Non-Interl eaved Mde

The receiver includes a receiver buffer to conpensate for

transm ssion delay jitter. The receiver stores incom ng packets in
reception order into the receiver buffer. Packets are decapsul ated
in RTP sequence nunber order. |If a decapsul ated packet is a single
NAL unit packet, the NAL unit contained in the packet is passed
directly to the decoder. |If a decapsul ated packet is an STAP-A, the
NAL units contained in the packet are passed to the decoder in the
order in which they are encapsulated in the packet. If a

decapsul ated packet is an FU-A all the fragnents of the fragnmented
NAL unit are concatenated and passed to the decoder.

Informative note: If the decoder supports Arbitrary Slice O der

coded slices of a picture can be passed to the decoder in any
order regardless of their reception and transm ssion order.
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7.2. Interl eaved Mde

The general concept behind these de-packetization rules is to reorder
NAL units fromtransmi ssion order to the NAL unit decodi ng order

The receiver includes a receiver buffer, which is used to conpensate
for transmi ssion delay jitter and to reorder packets from

transm ssion order to the NAL unit decoding order. |In this section
the receiver operation is described under the assunption that there
is no transmission delay jitter. To make a difference froma
practical receiver buffer that is also used for conpensation of
transm ssion delay jitter, the receiver buffer is here after called
the deinterleaving buffer in this section. Receivers SHOULD al so
prepare for transmi ssion delay jitter; i.e., either reserve separate
buffers for transmi ssion delay jitter buffering and deinterl eavi ng
buffering or use a receiver buffer for both transmi ssion delay jitter
and deinterleaving. Moreover, receivers SHOULD take transm ssion
delay jitter into account in the buffering operation; e.g., by
additional initial buffering before starting of decodi ng and

pl ayback.

This section is organized as follows: subsection 7.2.1 presents how
to calculate the size of the deinterleaving buffer. Subsection 7.2.2
specifies the receiver process how to organi ze received NAL units to
the NAL unit decodi ng order.

7.2.1. Size of the Deinterleaving Buffer

Wien SDP O f er/ Answer nodel or any other capability exchange
procedure is used in session setup, the properties of the received
stream SHOULD be such that the receiver capabilities are not
exceeded. In the SDP Ofer/Answer nodel, the receiver can indicate
its capabilities to allocate a deinterleaving buffer with the deint-
buf-cap M ME paraneter. The sender indicates the requirenent for the
dei nterl eaving buffer size with the sprop-deint-buf-req MM
paranmeter. It is therefore RECOMVENDED to set the deinterl eaving
buffer size, in terns of nunber of bytes, equal to or greater than
the val ue of sprop-deint-buf-req MM paraneter. See section 8.1 for
further information on deint-buf-cap and sprop-deint-buf-req M M
paraneters and section 8.2.2 for further information on their use in
SDP O f er/ Answer nodel

Wien a decl arative session description is used in session setup, the
sprop-deint-buf-req M ME paraneter signals the requirenent for the
deinterleaving buffer size. It is therefore RECOMVENDED to set the
dei nterleaving buffer size, in ternms of nunmber of bytes, equal to or
greater than the value of sprop-deint-buf-req M ME paraneter
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7.2.2. Deinterleaving Process

There are two buffering states in the receiver: initial buffering and
buffering while playing. Initial buffering occurs when the RTP
session is initialized. After initial buffering, decoding and

pl ayback is started, and the buffering-while-playing node is used.

Regardl ess of the buffering state, the receiver stores incom ng NAL
units, in reception order, in the deinterleaving buffer as follows.
NAL units of aggregation packets are stored in the deinterl eaving
buffer individually. The value of DON is cal cul ated and stored for
all NAL units.

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

0 Function AbsDON is specified in section 8.1.
o0 Function don_diff is specified in section 5.5,

o Constant Nis the value of the OPTIONAL sprop-interleaving-depth
M ME type paraneter (see section 8.1) increnented by 1.

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

0o There are N VCL NAL units in the deinterleaving buffer.

o |f sprop-max-don-diff is present, don_diff(mmn) is greater than
the val ue of sprop-max-don-diff, in which n corresponds to the NAL
unit having the greatest value of AbsDON anong the received NAL
units and mcorresponds to the NAL unit having the small est val ue
of AbsDON anmong the received NAL units.

o Initial buffering has lasted for the duration equal to or greater
than the val ue of the OPTIONAL sprop-init-buf-time M ME paraneter

The NAL units to be renoved fromthe deinterleaving buffer are
determ ned as foll ows:

o If the deinterleaving buffer contains at least N VCL NAL units,
NAL units are renoved fromthe deinterleaving buffer and passed to
the decoder in the order specified belowuntil the buffer contains
N1 VCL NAL units.
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7.

0o

I f sprop-nmax-don-diff is present, all NAL units mfor which
don_diff(mn) is greater than sprop-mnmax-don-diff are renoved from
the deinterl eaving 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 anpng the received NAL units.

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

(0]

3.

Let PDON be a variable that is initialized to O at the begi nning
of the an RTP session

For each NAL unit associated with a value of DON, a DON di stance

is calculated as follows. |If the value of DON of the NAL unit is
| arger than the value of PDON, the DON distance is equal to DON -
PDON. O herwi se, the DON distance is equal to 65535 - PDON + DON
+ 1.

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

When a desired nunber of NAL units have been passed to the
decoder, the value of PDON is set to the value of DON for the |ast
NAL unit passed to the decoder.

Addi ti onal De-Packetizati on Gui delines

The follow ng additional de-packetization rules may be used to
i npl erent an operational H 264 de-packeti zer

(0]

Intelligent RTP receivers (e.g., in gateways) may identify | ost
coded slice data partitions A (DPAs). If a lost DPAis found, a
gat eway nmay decide not to send the correspondi ng coded slice data
partitions B and C, as their information is meaningless for H. 264
decoders. In this way a MANE can reduce network | oad by

di scardi ng usel ess packets without parsing a conplex bitstream

Intelligent RTP receivers (e.g., in gateways) may identify | ost
FUs. If alost FUis found, a gateway nay decide not to send the
follow ng FUs of the same fragnented NAL unit, as their
information i s nmeaningless for H 264 decoders. In this way a MANE

can reduce network | oad by discardi ng usel ess packets without
parsing a conpl ex bitstream
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o Intelligent receivers having to discard packets or NALUs should
first discard all packets/NALUs in which the value of the NRI
field of the NAL unit type octet is equal to 0. This wll
nmninze the i npact on user experience and keep the reference
pictures intact. |If nore packets have to be discarded, then
packets with a nunerically |ower NRI val ue should be discarded
bef ore packets with a numerically higher NRI value. However,

di scardi ng any packets with an NRI bigger than 0 very likely |eads
to decoder drift and SHOULD be avoi ded.

8. Payl oad Format Paraneters

This section specifies the parameters 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 MM
subtype registration for the ITUT H 264 | |SOIEC 14496-10 codec. A
mappi ng of the paraneters into the Session Description Protocol (SDP)
[5] is also provided for applications that use SDP. Equival ent
paraneters coul d be defined el sewhere for use with control protocols
that do not use M ME or SDP

Sone parameters provide a receiver with the properties of the stream
that will be sent. The nane of all these parameters starts 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 paranmeter 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" paranmeters may not be conpatible with some signaling
protocol concepts, in which case the use of these paraneters SHOULD
be avoi ded.

8.1. MM Registration

The M ME subtype for the ITUT H 264 | 1SO1|EC 14496-10 codec is
allocated fromthe | ETF tree.

The receiver MJST ignore any unspecified paraneter.
Medi a Type nane: vi deo
Medi a subtype nanme: H264

Requi red paraneters: none
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A basel6 [6] (hexadecinmal) representation of
the following three bytes in the sequence
parameter set NAL unit specified in [1]: 1)
profile_idc, 2) a byte herein referred to as
profile-iop, conposed of the val ues of
constraint_setO _flag, constraint_setl flag,
constraint_set2 flag, and reserved _zero 5bits
in bit-significance order, starting fromthe
nost significant bit, and 3) level _idc. Note
that reserved_zero 5bits is required to be
equal to 0 in [1], but other values for it may
be specified in the future by ITUT or 1SOIEC

If the profile-level-id paraneter is used to
indicate properties of a NAL unit stream it
indicates the profile and | evel that a decoder
has to support in order to conply with [1] when
it decodes the stream The profile-iop byte

i ndi cates whether the NAL unit stream al so
obeys all constraints of the indicated profiles
as follows. If bit 7 (the nost significant
bit), bit 6, or bit 5 of profile-iop is equal
to 1, all constraints of the Baseline profile,
the Main profile, or the Extended profile,
respectively, are obeyed in the NAL unit

stream

If the profile-level-id paranmeter is used for
capability exchange or session setup procedure,
it indicates the profile that the codec
supports and the hi ghest |evel

supported for the signaled profile. The
profile-iop byte indicates whether the codec
has additional limtations whereby only the
common subset of the algorithnic features and
limtations of the profiles signaled with the
profile-iop byte and of the profile indicated
by profile_idc is supported by the codec. For
exanple, if a codec supports only the common
subset of the coding tools of the Baseline
profile and the Main profile at level 2.1 and
bel ow, the profile-level-id beconmes 42E015, in
whi ch 42 stands for the Baseline profile, EO

i ndi cates that only the common subset for al
profiles is supported, and 15 indicates |evel
2. 1.
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max-f s,

Informative note: Capability exchange and
sessi on setup procedures shoul d provide
nmeans to list the capabilities for each
supported codec profile separately. For
exanpl e, the one-of-N codec sel ection
procedure of the SDP O f er/ Answer nodel can
be used (section 10.2 of [7]).

If no profile-level-id is present, the Baseline
Profile without additional constraints at Leve
1 MJST be inplied.

max- cpb, max-dpb, and max- br
These paraneters MAY be used to signal the
capabilities of a receiver inplenmentation.
These paraneters MJST NOT be used for any other
purpose. The profile-level-id parameter MJST
be present in the same receiver capability
description that contains any of these
paranmeters. The |evel conveyed in the val ue of
the profile-level-id parameter MJST be such
that the receiver is fully capabl e of
supporting. max-nmbps, mex-fs, nmax-cpb, max-
dpb, and max-br MAY be used to indicate
capabilities of the receiver that extend the
requi red capabilities of the signaled |evel, as
specified bel ow.

When nore than one paraneter fromthe set (max-
nbps, max-fs, max-cpb, nmax-dpb, max-br) is
present, the receiver MJST support all signaled
capabilities simultaneously. For exanple, if
bot h max- nmbps and max-br are present, the
signaled level with the extension of both the
frame rate and bit rate is supported. That is,
the receiver is able to decode NAL unit

streans in which the macrobl ock processing rate
is up to max-nbps (inclusive), the bit rate is
up to max-br (inclusive), the coded picture
buffer size is derived as specified in the
semantics of the max-br paraneter bel ow, and

ot her properties conply with the |evel
specified in the value of the profile-level-id
par anet er.

A receiver MJST NOT signal val ues of nax-

nbps, nmax-fs, max-cpb, nax-dpb, and nax-br that
neet the requirenments of a higher |evel
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referred to as level A herein, conpared to the
| evel specified in the value of the profile-

| evel -id paranmeter, if the receiver can support
all the properties of |level A

Informative note: Wen the OPTI ONAL M ME
type paraneters are used to signal the
properties of a NAL unit stream max-nbps,
max-fs, max-cpb, nmax-dpb, and nmax-br are
not present, and the value of profile-

| evel -id nmust always be such that the NAL
unit streamconplies fully with the
specified profile and | evel.

The val ue of max-nbps is an integer indicating
t he maxi mum macrobl ock processing rate in units
of macrobl ocks per second. The max- nbps
paranmeter signals that the receiver is capable
of decoding video at a higher rate than is
requi red by the signaled | evel conveyed in the
value of the profile-level-id paraneter. Wen
max- mbps i s signaled, the receiver MIUST be able
to decode NAL unit streans that conformto the
signaled level, with the exception that the
MaxMBPS val ue in Table A-1 of [1] for the
signaled level is replaced with the val ue of
max- mbps. The val ue of max-nmbps MJST be
greater than or equal to the value of MaxMBPS
for the level given in Table A-1 of [1].
Senders MAY use this know edge to send pictures
of a given size at a higher picture rate than
is indicated in the signaled |evel.

The value of max-fs is an integer indicating
the maxi num frane size in units of macrobl ocks.
The max-fs paraneter signals that the receiver
is capabl e of decoding |arger picture sizes
than are required by the signaled | evel conveyed
in the value of the profile-level-id paraneter.
When mex-fs is signaled, the receiver MIST be
able to decode NAL unit streams that conformto
the signaled level, with the exception that the
MaxFS value in Table A-1 of [1] for the
signaled level is replaced with the val ue of
max-fs. The value of max-fs MJST be greater
than or equal to the value of MaxFS for the
level given in Table A-1 of [1]. Senders MAY
use this know edge to send larger pictures at a
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proportionally Iower frame rate than is
indicated in the signaled |evel

The val ue of nmax-cpb is an integer indicating
the maxi mum coded picture buffer size in units
of 1000 bits for the VCL HRD paraneters (see
A.3.1itemi of [1]) and in units of 1200 bits
for the NAL HRD parameters (see A 3.1 itemj of
[1]). The max-cpb paraneter signals that the
receiver has nore nmenory than the mini num
amount of coded picture buffer nenory required
by the signaled | evel conveyed in the val ue of
the profile-level-id parameter. Wen nmax-cpb
is signaled, the receiver MIST be able to
decode NAL unit streans that conformto the
signaled level, with the exception that the
MaxCPB val ue in Table A-1 of [1] for the
signaled level is replaced with the val ue of
max- cpb. The val ue of nax-cpb MJST be greater
than or equal to the value of MaxCPB for the
level given in Table A-1 of [1]. Senders MAY
use this know edge to construct coded vi deo
streans with greater variation of bit rate
than can be achieved with the

MaxCPB val ue in Table A-1 of [1].

Informative note: The coded picture buffer
is used in the hypothetical reference
decoder (Annex C) of H 264. The use of the
hypot heti cal reference decoder is
recommended in H 264 encoders to verify
that the produced bitstreamconforns to the
standard and to control the output bitrate.
Thus, the coded picture buffer is
conceptual Iy i ndependent of any ot her
potential buffers in the receiver,

i ncluding de-interleaving and de-jitter
buffers. The coded picture buffer need not
be inplenented in decoders as specified in
Annex C of H. 264, but rather standard-
conpl i ant decoders can have any buffering
arrangenents provided that they can decode
st andard- conpliant bitstreanms. Thus, in
practice, the input buffer for video
decoder can be integrated with de-
interleaving and de-jitter buffers of the
receiver.
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The val ue of nmax-dpb is an integer indicating

t he maxi mum decoded picture buffer size in
units of 1024 bytes. The max-dpb paraneter
signals that the receiver has nore nmenory than
the m ni mum anount of decoded picture buffer
menory required by the signaled | evel conveyed
in the value of the profile-level-id paraneter.
When max-dpb is signaled, the receiver MIST be
able to decode NAL unit streams that conformto
the signaled level, with the exception that the
MaxDPB val ue in Table A-1 of [1] for the
signaled level is replaced with the val ue of
max- dpb. Consequently, a receiver that signals
max- dpb MUST be capable of storing the
foll ow ng nunber of decoded franes,
conplementary field pairs, and non-paired
fields in its decoded picture buffer:

M n(1024 * max-dpb / ( Pi cWdthl nMos *
FrameHei ght 1 nvbs * 256 * ChromaFor mat Factor ),
16)

Pi cW dt hl nMos, FrameHei ght 1 nvbs, and
Chr omaFor mat Factor are defined in [1].

The val ue of max-dpb MJST be greater than or
equal to the value of MaxDPB for the |eve

given in Table A-1 of [1]. Senders MAY use
this know edge to construct coded video streans
with inproved conpression

Informative note: This paraneter was added
primarily to conplenent a simlar codepoint
in the | TUT Reconmendati on H. 245, so as to
facilitate signaling gateway designs. The
decoded picture buffer stores reconstructed
sanples and is a property of the video
decoder only. There is no relationship

bet ween the size of the decoded picture
buffer and the buffers used in RTP
especially de-interleaving and de-jitter
buffers.

The value of max-br is an integer indicating

t he maxi nrumvideo bit rate in units of 1000
bits per second for the VCL HRD paraneters (see
A.3.1itemi of [1]) and in units of 1200 bits
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per second for the NAL HRD paraneters (see
A3.1itemj of [1]).

The max-br paraneter signals that the video
decoder of the receiver is capable of decoding
video at a higher bit rate than is required by
the signal ed | evel conveyed in the value of the
profile-level-id parameter. The val ue of max-
br MUST be greater than or equal to the val ue
of MaxBR for the level given in Table A-1 of

[1].

When mex-br is signaled, the video codec of the
recei ver MUST be able to decode NAL unit
streans that conformto the signaled | evel
conveyed in the profile-level-id paraneter,
with the follow ng exceptions in the limts
specified by the |level:
o The val ue of max-br replaces the MaxBR val ue
of the signaled level (in Table A-1 of [1]).
o Wien the max-cpb paraneter is not present,
the result of the followi ng formula repl aces
the value of MaxCPB in Table A-1 of [1]:
(MaxCPB of the signaled |evel) * max-br /
(MaxBR of the signaled |evel).

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

The val ue of max-br MJST be greater than or
equal to the value MaxBR for the signaled | eve
given in Table A-1 of [1].

Senders MAY use this know edge to send hi gher
bitrate video as allowed in the |eve
definition of Annex A of H 264, to achieve

i mproved video quality.

Informative note: This paraneter was added
primarily to conplenent a simlar codepoint
in the I TUT Reconmendation H. 245, so as to
facilitate signaling gateway designs. No
assunption can be nade fromthe val ue of
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this paraneter that the network is capable
of handling such bit rates at any given
time. In particular, no conclusion can be
drawn that the signaled bit rate is
possi bl e under congestion control
constraints.

r edundant - pi c- cap
This paraneter signals the capabilities of a
recei ver inplenentation. Wen equal to O, the
paraneter indicates that the receiver nakes no
attenpt to use redundant coded pictures to
correct incorrectly decoded prinmary coded
pi ctures. Wen equal to O, the receiver is not
capabl e of using redundant slices; therefore, a
sender SHOULD avoi d sendi ng redundant slices to
save bandwi dth. \When equal to 1, the receiver
i s capabl e of decodi ng any such redundant slice
that covers a corrupted area in a primary
decoded picture (at |least partly), and therefore
a sender MAY send redundant slices. Wen the
paraneter is not present, then a value of 0
MJUST be used for redundant-pic-cap. Wen
present, the val ue of redundant-pic-cap MJST be
either 0 or 1.

When the profile-level-id paraneter is present
in the same capability signaling as the
redundant - pi c-cap paraneter, and the profile
indicated in profile-level-id is such that it
di sal l ows the use of redundant coded pictures
(e.g., Main Profile), the value of redundant-
pi c-cap MJUST be equal to 0. Wen a receiver

i ndi cat es redundant-pic-cap equal to 0, the
recei ved stream SHOULD NOT contai n redundant
coded pictures.

Informative note: Even if redundant-pic-cap
is equal to 0, the decoder is able to

i gnore redundant codec pictures provided
that the decoder supports such a profile
(Basel i ne, Extended) in which redundant
coded pictures are all owed.

Informative note: Even if redundant-pic-cap

is equal to 1, the receiver may al so choose
other error conceal nent strategies to
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repl ace or conpl enent decodi ng of redundant
sli ces.

Sprop- par anet er - set s:

par anet er - add:

et al

Thi s paranmeter MAY be used to convey

any sequence and picture paraneter set NAL
units (herein referred to as the initial
paraneter set NAL units) that MJST precede any
other NAL units in decoding order. The
paraneter MJUST NOT be used to indicate codec
capability in any capability exchange
procedure. The value of the paraneter is the
base64 [6] representation of the initial
paraneter set NAL units as specified in
sections 7.3.2.1 and 7.3.2.2 of [1]. The
paraneter sets are conveyed i n decodi ng order
and no fram ng of the paranmeter set NAL units
takes place. A comm is used to separate any
pair of parameter sets in the list. Note that
the nunmber of bytes in a paranmeter set NAL unit
is typically less than 10, but a picture
paraneter set NAL unit can contain severa
hundr eds of bytes.

I nformative note: Wen several payl oad
types are offered in the SDP O f er/ Answer
nodel , each with its own sprop-paraneter-
sets paraneter, then the receiver cannot
assune that those paraneter sets do not use
conflicting storage |locations (i.e.,

i dentical values of paraneter set
identifiers). Therefore, a receiver should
doubl e-buffer all sprop-paraneter-sets and
make them avail able to the decoder instance
t hat decodes a certain payl oad type.

Thi s paraneter MAY be used to signal whether
the receiver of this paranmeter is allowed to
add paraneter sets in its signaling response
usi ng the sprop-paraneter-sets MM paraneter
The value of this paraneter is either 0 or 1.

O is equal to false; i.e., it is not allowed to
add paraneter sets. 1 is equal to true; i.e.
it is allowed to add paraneter sets. |If the

paraneter is not present, its value MJST be 1.
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packeti zati on- node:

This paraneter signals the properties of an
RTP payl oad type or the capabilities of a
receiver inplenentation. Only a single
configuration point can be indicated; thus,
when capabilities to support nore than one
packeti zati on-node are declared, nmultiple
configuration points (RTP payl oad types) nust
be used.

When the val ue of packetization-node is equa
to O or packetization-node is not present, the
single NAL node, as defined in section 6.2 of
RFC 3984, MJST be used. This nbde is in use in
standards using | TU-T Recommendati on H 241 [15]
(see section 12.1). Wen the val ue of
packeti zati on-node is equal to 1, the non-

i nterl eaved node, as defined in section 6.3 of
RFC 3984, MJUST be used. When the val ue of
packeti zation-node is equal to 2, the

i nterl eaved node, as defined in section 6.4 of
RFC 3984, MJUST be used. The val ue of

packeti zati on node MJST be an integer in the
range of 0 to 2, inclusive.

sprop-interl eavi ng-dept h:

et al.

Thi s paraneter MJST NOT be present

when packetizati on-node is not present or the
val ue of packetization-node is equal to 0 or 1.
Thi s paranmeter MJST be present when the val ue
of packetization-node is equal to 2.

This paraneter signals the properties of a NAL
unit stream It specifies the maxi mum nunber
of VCL NAL units that precede any VCL NAL unit
in the NAL unit streamin transm ssion order
and follow the VCL NAL unit in decoding order
Consequently, it is guaranteed that receivers
can reconstruct NAL unit decodi ng order when
the buffer size for NAL unit decodi ng order
recovery is at |east the value of sprop-
interleaving-depth + 1 in terns of VCL NAL
units.

The val ue of sprop-interleaving-depth MJST be

an integer in the range of 0 to 32767,
i ncl usi ve.
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sprop- dei nt - buf - req:

dei nt - buf - cap

et al.

Thi s paraneter MJST NOT be present when
packeti zati on-node is not present or the val ue
of packetization-node is equal to O or 1. It
MUST be present when the val ue of

packeti zation-nmode is equal to 2.

sprop-deint-buf-req signals the required size
of the deinterleaving buffer for the NAL unit
stream The val ue of the paraneter MJST be
greater than or equal to the naxi mum buffer
occupancy (in units of bytes) required in such
a deinterleaving buffer that is specified in
section 7.2 of RFC 3984. It is guaranteed that
recei vers can performthe deinterleaving of
interl eaved NAL units into NAL unit decoding
order, when the deinterleaving buffer size is
at | east the value of sprop-deint-buf-req in
ternms of bytes.

The val ue of sprop-deint-buf-req MJST be an
integer in the range of 0 to 4294967295,
i ncl usi ve.

Informative note: sprop-deint-buf-req

i ndicates the required size of the
deinterl eaving buffer only. Wen network
jitter can occur, an appropriately sized
jitter buffer has to be provisioned for
as wel .

This paraneter signals the capabilities of a
receiver inplenmentation and indicates the
amount of deinterleaving buffer space in units
of bytes that the receiver has avail able for
reconstructing the NAL unit decoding order. A
receiver is able to handle any stream for which
the val ue of the sprop-deint-buf-req paraneter
is smaller than or equal to this paraneter.

If the paraneter is not present, then a val ue
of O MJUST be used for deint-buf-cap. The val ue
of deint-buf-cap MUST be an integer in the
range of 0 to 4294967295, i ncl usive.

Informative note: deint-buf-cap indicates

t he maxi mum possi bl e size of the
deinterl eaving buffer of the receiver only.
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When network jitter can occur, an
appropriately sized jitter buffer has to
be provisioned for as well.

sprop-init-buf-time:

et al.

Thi s paraneter MAY be used to signal the
properties of a NAL unit stream The paraneter
MUST NOT be present, if the val ue of

packeti zation-node is equal to O or 1.

The parameter signals the initial buffering
time that a receiver MJST buffer before
starting decoding to recover the NAL unit
decodi ng order fromthe transni ssion order.
The paraneter is the maxi mum val ue of
(transmission tinme of a NAL unit - decoding
time of the NAL unit), assuming reliable and
i nst ant aneous transm ssion, the sane
tineline for transm ssion and decodi ng, and
that decoding starts when the first packet
arrives.

An exanpl e of specifying the value of sprop-
init-buf-time follows. A NAL unit streamis
sent in the follow ng interleaved order, in

whi ch the val ue corresponds to the decoding
time and the transmission order is fromleft to
right:

0O 2 1 3 5 4 6 8 7...

Assum ng a steady transm ssion rate of NAL
units, the transmssion tinmes are

0O 1 2 3 4 5 6 7 8...

Subtracting the decoding tinme fromthe
transm ssion tine colum-w se results in the
foll ow ng series:

0-1 12 0-12 1 0O0-1 1...
Thus, in terns of intervals of NAL unit
transm ssion tines, the val ue of

sprop-init-buf-time in this
exanple is 1.
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The parameter 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. Qherw se the value of sprop-init-
buf-tinme MJUST be an integer in the range of 0
to 4294967295, inclusive.

In addition to the signaled sprop-init-buf-
time, receivers SHOULD take into account the
transm ssion delay jitter buffering, including
buffering for the delay jitter caused by

nm xers, translators, gateways, proxies
traffic-shapers, and other network el enents.

sprop- max-don-di ff:

et al.

Thi s paranmeter MAY be used to signal the
properties of a NAL unit stream It MJST NOT
be used to signal transmitter or receiver or
codec capabilities. The paraneter MJST NOT be
present if the value of packetization-node is
equal to 0 or 1. sprop-max-don-diff is an
integer in the range of 0 to 32767, inclusive.

I f sprop-max-don-diff is not present, the val ue
of the paraneter is unspecified. sprop-nmax-
don-diff is calculated as foll ows:

sprop- max-don-di ff = max{AbsDON(i) -
AbsDON(j )}, o
for any i and any j>i,

where i and j indicate the index of the NAL
unit in the transnission order and AbsDON
denot es a decodi ng order nunber of the NAL

unit that does not wap around to O after
65535. In other words, AbsDON is cal cul ated as
follows: Let mand n be consecutive NAL units
in transm ssion order. For the very first NAL
unit in transm ssion order (whose index is 0),
AbsDON(0) = DON(O). For other NAL units,
AbsDON i s cal cul ated as foll ows:

If DON(n) == DON(n), AbsDON(n) = AbsDON(mM
If (DON(m < DON(n) and DON(n) - DON(m <

32768),
AbsDON(Nn) = AbsDON(m) + DON(n) - DON(m
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If (DON(m) > DON(n) and DON(m) - DON(n) >=
32768),

AbsDON(Nn) = AbsDON(mM) + 65536 - DON(m) + DON(n)
If (DON(m) < DON(n) and DON(n) - DON(m) >=
32768),

AbsDON(n) = AbsDON(m) - (DON(n) + 65536 -
DON(N))

If (DON(m > DON(n) and DON(n) - DON(n) <
32768),

AbsDON(Nn) = AbsDON(nm) - (DON(m) - DON(nN))
where DON(i) is the decodi ng order nunber of

the NAL unit having index i in the transm ssion
order. The decodi ng order nunber is specified
in section 5.5 of RFC 3984.

Informati ve note: Receivers nay use sprop-
max-don-diff to trigger which NAL units in
the receiver buffer can be passed to the
decoder.

Thi s paranmeter MAY be used to signal the
capabilities of a receiver. The paraneter MJST
NOT be used for any other purposes. The val ue

of the paraneter indicates the |argest NALU
size in bytes that the receiver can handle
efficiently. The paraneter value is a
recommendati on, not a strict upper boundary.
The sender MAY create | arger NALUs but nust be
aware that the handling of these nay cone at a
hi gher cost than NALUs conforming to the
[imtation.

The val ue of max-rcnd-nal u-si ze MJUST be an
integer in the range of 0 to 4294967295,
inclusive. If this parameter is not specified,
no known limtation to the NALU si ze exi sts.
Senders still have to consider the MIU size
avai | abl e between the sender and the receiver
and SHOULD run MIU di scovery for this purpose.

This paraneter is notivated by, for exanple, an
IP to H 223 video tel ephony gateway, where
NALUs smaller than the H 223 transport data
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unit will be nore efficient. A gateway may
termnate IP; thus, MIU discovery will normally
not work beyond the gateway.

Informative note: Setting this parameter to
a | ower than necessary val ue nay have a
negati ve i npact.

Encodi ng consi derations:
This type is only defined for transfer via RTP
(RFC 3550).

Afile format of H. 264/ AVC video is defined in
[29]. This definition is utilized by other
file formats, such as the 3GPP rmultinedia file
format (M ME type video/3gpp) [30] or the MP4
file format (M ME type video/ np4).

Security considerations:
See section 9 of RFC 3984.

Publ i c specification:
Pl ease refer to RFC 3984 and its section 15.

Addi tional information:
None

Fil e extensions: none
Maci ntosh file type code: none
bj ect identifier or AD none

Person & enmnil address to contact for further information:
st ewe@t ewe. org

I nt ended usage: COMVON

Aut hor :
st ewe@®t ewe. org

Change controller:
| ETF Audi o/ Vi deo Transport worKki ng group
del egated fromthe | ESG
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8.2. SDP Paraneters
8.2.1. Mapping of MM Paraneters to SDP

The M ME nedi a type video/ H264 string is nmapped to fields in the
Sessi on Description Protocol (SDP) [5] as follows:

o The nedia nane in the "m" |line of SDP MJST be vi deo.

0 The encoding nane in the "a=rtpmap" |ine of SDP MJST be H264 (the
M ME subtype).

0 The clock rate in the "a=rtpnmap" |ine MJUST be 90000.

0 The OPTIONAL paraneters "profile-level-id", "max-nbps", "max-fs"

"max- cpb", "nmax-dpb", "max-br", "redundant-pic-cap", "sprop-
paraneter-sets", "parameter-add", "packetization-node", "sprop-
i nterl eavi ng-depth", "deint-buf-cap", "sprop-deint-buf-req"
"sprop-init-buf-tinme", "sprop-max-don-diff", and "max-rcnd- nal u-

size", when present, MJST be included in the "a=fntp" |ine of SDP
These paranmeters are expressed as a M Me nedia type string, in the
formof a semicolon separated |ist of paraneter=val ue pairs.

An exanpl e of nmedia representation in SDP is as follows (Baseline
Profile, Level 3.0, sonme of the constraints of the Main profile nay
not be obeyed):

mevi deo 49170 RTP/ AVP 98
a=rtpmap: 98 H264/ 90000
a=fmp: 98 profile-Ilevel-id=42A01E;
sprop- par amet er - set s=Z0l1 ACpZTBYnl , aM j i A==

8.2.2. Usage with the SDP O fer/Answer Model
When H. 264 is offered over RTP using SDP in an O fer/Answer nodel [7]
for negotiation for unicast usage, the following limtations and
rul es apply:

0 The paraneters identifying a nmedia format configuration for H 264

are "profile-level-id", "packetization-node", and, if required by
"packetization-node", "sprop-deint-buf-req". These three
paraneters MJST be used symetrically; i.e., the answerer MJST

either maintain all configuration paraneters or renove the nedia
format (payl oad type) conpletely, if one or nore of the paraneter
val ues are not supported.
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Informative note: The requirenment for symretric use applies
only for the above three paraneters and not for the other
stream properties and capability paraneters.

To sinplify handling and matching of these configurations, the
same RTP payl oad type nunber used in the offer SHOULD al so be used
in the answer, as specified in [7]. An answer MJST NOT contain a
payl oad type nunber used in the offer unless the configuration
("profile-level-id", "packetization-node", and, if present,
"sprop-deint-buf-req") is the same as in the offer.

Informative note: An offerer, when receiving the answer, has to
conpare payl oad types not declared in the offer based on nedia
type (i.e., video/h264) and the above three paraneters with any
payl oad types it has already declared, in order to determne
whet her the configuration in question is new or equivalent to a
configuration already offered.

0 The paraneters "sprop-paraneter-sets”", "sprop-deint-buf-req"
"sprop-interl eaving-depth", "sprop-max-don-diff", and "sprop-
init-buf-time" describe the properties of the NAL unit streamthat
the offerer or answerer is sending for this media formt
configuration. This differs fromthe normal usage of the
O fer/ Answer paraneters: normally such paraneters declare the
properties of the streamthat the offerer or the answerer is able
to receive. Wen dealing with H 264, the offerer assumes that the
answerer will be able to receive nedia encoded using the
configuration being offered.

Informative note: The above paraneters apply for any stream
sent by the declaring entity with the same configuration; i.e.
they are dependent on their source. Rather then 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 ("nmax-nbps", "max-fs", "max-cpb", "max-
dpb", "max-br", ,"redundant-pic-cap", "max-rcnd-nal u-size") MAY be
used to declare further capabilities. Their interpretation
depends on the direction attribute. Wen the direction attribute
is sendonly, then the paranmeters describe the limts of the RTP
packets and the NAL unit streamthat the sender is capable of
produci ng. Wien the direction attribute is sendrecv or recvonly,
then the paraneters describe the linmtations of what the receiver
accepts.
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0 As specified above, an offerer has to include the size of the
dei nterleaving buffer in the offer for an interl eaved H. 264
stream To enable the offerer and answerer to informeach other
about their capabilities for deinterleaving buffering, both
parties are RECOMVENDED to include "deint-buf-cap". This
i nformati on MAY be used when the val ue for "sprop-deint-buf-req"
is selected in a second round of offer and answer. For
interl eaved streans, it is also RECOMVENDED to consider offering
nmul tiple payload types with different buffering requirenents when
the capabilities of the receiver are unknown.

0 The "sprop-paraneter-sets" paranmeter is used as described above.
In addition, an answerer MJST naintain all paraneter sets received
in the offer inits answer. Depending on the value of the
"paranet er-add" paraneter, different rules apply: If "paraneter-
add" is false (0), the answer MJST NOT add any additiona
paraneter sets. |If "paraneter-add" is true (1), the answerer, in
its answer, MAY add additional paraneter sets to the "sprop-
paraneter-sets" paranmeter. The answerer MJST al so, independent of
the val ue of "paraneter-add", accept to receive a video stream
usi ng the sprop-paraneter-sets it declared in the answer.

Informative note: care nust be taken when paraneter sets are
added not to cause overwiting of already transnmitted paraneter
sets by using conflicting parameter set identifiers.

For streans being delivered over multicast, the following rules apply
in addition

0 The stream properties paraneters ("sprop-paraneter-sets", "sprop-
dei nt-buf-req", "sprop-interleaving-depth", "sprop-max-don-diff",
and "sprop-init-buf-time") MJST NOT be changed by the answerer.
Thus, a payl oad type can either be accepted unaltered or renoved.

0 The receiver capability paraneters "max-nbps", "max-fs", "nax-
cpb", "max-dpb", "max-br", and "max-rcnd-nal u-si ze" MJST be
supported by the answerer for all streans declared as sendrecv or
recvonly; otherw se, one of the follow ng actions MJST be
performed: the nmedia format is renoved, or the session rejected.

0 The receiver capability paraneter redundant-pic-cap SHOULD be
supported by the answerer for all streans declared as sendrecv or
recvonly as follows: The answerer SHOULD NOT i ncl ude redundant
coded pictures in the transmitted streamif the offerer indicated
redundant - pi c-cap equal to 0. Oherw se (when redundant _pic_cap
is equal to 1), it is beyond the scope of this nmeno to reconmrend
how t he answerer should use redundant coded pictures.
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Bel ow are the conplete lists of how the different paraneters shall be
interpreted in the different conbinations of offer or answer and
direction attribute.

0o

In offers and answers for which "a=sendrecv" or no direction
attribute is used, or in offers and answers for which "a=recvonly"
is used, the following interpretation of the paraneters MJST be
used.

Decl aring actual configuration or properties for receiving:

- profile-level-id
- packeti zati on- node

Decl aring actual properties of the streamto be sent (applicable
only when "a=sendrecv" or no direction attribute is used):

- sprop-deint-buf-req

- sprop-interleaving-depth
- sprop-paraneter-sets

- sprop- max-don-diff

- sprop-init-buf-tine

Decl aring receiver inplenentation capabilities:

- max- nbps

- max-fs

- max-cpb

- max-dpb

- max- br

- redundant - pi c-cap
- deint-buf-cap

- max-rcnd- nal u-si ze

Decl ari ng how O fer/ Answer negoti ati on shall be perforned:

- paranet er-add
In an offer or answer for which the direction attribute
"a=sendonly" is included for the nmedia stream the follow ng

interpretation of the paraneters MJST be used:

Decl aring actual configuration and properties of stream proposed
to be sent:

- profile-level-id
- packeti zati on- node
- sprop-deint-buf-req
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- sprop- max-don-diff

- sprop-init-buf-tine

- sSprop-paraneter-sets

- sprop-interleaving-depth

Decl aring the capabilities of the sender when it receives a
stream

- max- nbps

- max-fs

- max-cpb

- max-dpb

- mex- br

- redundant - pi c-cap
- deint-buf-cap

- max-rcnd- nal u-si ze

Decl aring how O fer/ Answer negoti ati on shall be perforned:

- paranet er-add

Furthernmore, the follow ng considerations are necessary:

(0]

Paranmeters 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.
"sprop-paraneter-sets” MJIST NOT be used in a sender’s declaration
of its capabilities, as the limts of the values that are carried
inside the paraneter sets are inplicit with the profile and |eve
used.

Paranet ers declaring a configuration point are not downgradabl e,
with the exception of the level part of the "profile-Ilevel-id"
parameter. This expresses values a receiver expects to be used
and nmust be used verbati mon the sender side.

When a sender’s capabilities are declared, and non-downgradabl e
paranmeters are used in this declaration, then these paraneters
express a configuration that is acceptable. |In order to achieve
high interoperability levels, it is often advisable to offer
multiple alternative configurations; e.g., for the packetization
node. It is inpossible to offer nmultiple configurations in a
singl e payl oad type. Thus, when nultiple configuration offers are
nmade, each offer requires its own RTP payl oad type associated with
the offer.
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o0 A receiver SHOULD understand all M M 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 receive nedia can be downgraded to what is supported by the
recei ver of the offer.

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

o If an offerer wi shes to have non-symmetric capabilities between
sending and receiving, the offerer has to offer different RTP
sessions; i.e., different nedia lines declared as "recvonly" and
"sendonl y", respectively. This may have further inplications on
the system

8.2.3. Usage in Declarative Session Descriptions

When H 264 over RTP is offered with SDP in a declarative style, as in
RTSP [27] or SAP [28], the foll owing considerations are necessary.

o Al paraneters capable of indicating the properties of both a NAL
unit streamand a receiver are used to indicate the properties of
a NAL unit stream For exanple, in this case, the paraneter
"profile-level-id" declares the values used by the stream instead
of the capabilities of the sender. This results in that the
follow ng interpretation of the parameters MJST be used:

Decl aring actual configuration or properties:

- profile-level-id

- sprop-paraneter-sets

- packeti zati on- node

- sprop-interleaving-depth
- sprop-deint-buf-req

- sprop- max-don-diff

- sprop-init-buf-tine
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Not usabl e:

- max- nbps

- max-fs

- max-cpb

- max-dpb

- mex- br

- redundant - pi c-cap
- max-rcnd- nal u-si ze
- paranet er-add

- deint-buf-cap

0 Areceiver of the SDP is required to support all paraneters and
val ues of the parameters provided; 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.

8.3. Exanples

A SIP Ofer/Answer exchange wherein both parties are expected to both
send and receive could ook like the following. Only the nedia codec
specific parts of the SDP are shown. Sonme |lines are wapped due to
text constraints.

Oferer -> Answer SDP nessage:

mevi deo 49170 RTP/ AVP 100 99 98
a=rtpmap: 98 H264/ 90000
a=fntp:98 profile-Ilevel-id=42A01E; packeti zati on- node=0;
sprop- par amet er - set s=Z0l1 ACpZTBYnl , aM j i A==
a=rtpmap: 99 H264/ 90000
a=fntp:99 profile-Ilevel-id=42A01E; packetizati on-node=1
sprop- par amet er - set s=Z0l1 ACpZTBYnl , aM j i A==
a=rtpmap: 100 H264/ 90000
a=fnt p: 100 profile-level -i d=42A01E; packeti zati on-nbde=2
sprop- par anet er - set s=Z0l ACpZTBYnl , aM j i A==;
sprop-interl eavi ng-dept h=45; sprop-dei nt-buf-req=64000;
sprop-init-buf-time=102478; deint-buf-cap=128000

The above offer presents the same codec configuration in three

di fferent packetization formats. PT 98 represents single NALU node,
PT 99 non-interleaved node; PT 100 indicates the interleaved node.

In the interl eaved node case, the interleaving paraneters that the
offerer would use if the answer indicates support for PT 100 are al so
included. 1In all three cases the paraneter "sprop-paraneter-sets"”
conveys the initial paraneter sets that are required for the answerer
when receiving a streamfromthe offerer when this configuration
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(profile-level-id and packetization node) is accepted. Note that the
val ue for "sprop-paraneter-sets”, although identical in the exanple
above, could be different for each payl oad type.

Answerer -> Offerer SDP nessage:

mevi deo 49170 RTP/ AVP 100 99 97

a=rtpmap: 97 H264/ 90000

a=fnmt p: 97 profile-level-id=42A01E; packetizati on-nmode=0;
sprop- par anet er - set s=Z0l1 ACpZTBYn1 , aM j i A==, AsODEW sl Op==,
KyzFQ eR

a=rtpmap: 99 H264/ 90000

a=fnmtp: 99 profile-level-id=42A01E; packetizati on-node=1
sprop- par anet er - set s=Z0l1 ACpZTBYn1 , aM j i A==, AsODEW sl Op==,
KyzFA eR; max-rcnd- nal u- si ze=3980

a=rtpmap: 100 H264/ 90000

a=fnmt p: 100 profile-Ilevel-i d=42A01E; packeti zati on-node=2;
sprop- par anet er - set s=Z0l1 ACpZTBYnl , aM j i A==, AsODEW sl Op==,
KyzFA eR; sprop-interl eavi ng-dept h=60;
spr op- dei nt - buf - req=86000; sprop-init-buf-tinme=156320;
dei nt - buf - cap=128000; max-rcnd- nal u-si ze=3980

As the O fer/Answer negotiation covers both sending and receiving
streans, an offer indicates the exact paranmeters for what the offerer

iswlling to receive, whereas the answer indicates the same for what
the answerer accepts to receive. |In this case the offerer declared
that it is willing to receive payload type 98. The answerer accepts

this by declaring a equival ent payload type 97; i.e., it has
identical values for the three paraneters "profile-Ilevel-id",
packeti zati on-nbde, and "sprop-deint-buf-req". This has the
followng inplications for both the offerer and the answerer
concerning the paraneters that declare properties. The offerer
initially declared a certain value of the "sprop-paraneter-sets" in
t he payload definition for PT=98. However, as the answerer accepted
this as PT=97, the val ues of "sprop-paraneter-sets" in PT=98 must now
be used instead when the offerer sends PT=97. Simlarly, when the
answerer sends PT=98 to the offerer, it has to use the properties
paraneters it declared in PT=97.

The answerer al so accepts the reception of the two configurations

that payl oad types 99 and 100 represent. It provides the initial
paraneter sets for the answerer-to-offerer direction, and for
buffering rel ated paraneters that it will use to send the payl oad
types. It also provides the offerer with its nmenory limt for

dei nterl eavi ng operations by providing a "deint-buf-cap" paraneter.
This is only useful if the offerer decides on nmaking a second offer,
where it can take the new value into account. The "max-rcnd-nal u-
size" indicates that the answerer can efficiently process NALUs up to
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the size of 3980 bytes. However, there is no guarantee that the
net wor k supports this size.

Pl ease note that the paraneter sets in the above exanple do not
represent a | egal operation point of an H 264 codec. The base64
strings are only used for illustration

8.4. Paraneter Set Considerations

The H. 264 paraneter sets are a fundanental part of the video codec
and vital to its operation; see section 1.2. Due to their
characteristics and their inportance for the decodi ng process, | ost
or erroneously transnitted paraneter sets can hardly be conceal ed
locally at the receiver. A reference to a corrupt paraneter set has
normal |y fatal results to the decoding process. Corruption could
occur, for exanple, due to the erroneous transnission or |oss of a
paraneter set data structure, but also due to the untinely

transni ssion of a paraneter set update. Therefore, the follow ng
reconmendations are provided as a guideline for the inplenenter of
the RTP sender.

Parameter set NALUs can be transported using three different
princi pl es:

A. Using a session control protocol (out-of-band) prior to the actual
RTP session

B. Using a session control protocol (out-of-band) during an ongoing
RTP session

C. Wthin the RTP streamin the payl oad (in-band) during an ongoi ng
RTP sessi on

It is necessary to inplenent principles A and B within a session
control protocol. SIP and SDP can be used as described in the SDP
O fer/Answer nodel and in the previous sections of this nenpo. This
section contains guidelines on how principles A and B nust be

i npl emrented within session control protocols. It is independent of
the particular protocol used. Principle Cis supported by the RTP
payl oad format defined in this specification.

The picture and sequence paraneter set NALUs SHOULD NOT be
transmtted in the RTP payl oad unless reliable transport is provided
for RTP, as a |loss of a parameter set of either type will likely
prevent decodi ng of a considerable portion of the correspondi ng RTP
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stream Thus, the transm ssion of paraneter sets using a reliable
session control protocol (i.e., usage of principle A or B above) is
RECOMVENDED.

In the rest of the section it is assunmed that out-of-band signaling
provides reliable transport of paraneter set NALUs and that in-band
transport does not. |If in-band signaling of paraneter sets is used,
t he sender SHOULD take the error characteristics into account and use
mechani sns to provide a high probability for delivering the paraneter
sets correctly. Mechanisns that increase the probability for a
correct reception include packet repetition, FEC, and retransmn ssion
The use of an unreliable, out-of-band control protocol has sinilar

di sadvant ages as the in-band signaling (possible loss) and, in
addition, may also lead to difficulties in the synchronization (see
bel ow). Therefore, it is NOT RECOVMENDED.

Par aneter sets MAY be added or updated during the lifetinme of a
session using principles Band C. It is required that parameter sets
are present at the decoder prior to the NAL units that refer to them
Updati ng or adding of paraneter sets can result in further problens,
and therefore the foll owi ng recommendati ons shoul d be consi der ed.

- Wen paraneter sets are added or updated, principle Cis
vul nerable to transm ssion errors as described above, and
therefore principle B is RECOMVENDED

- Wen paraneter sets are added or updated, care SHOULD be taken to

ensure that any paraneter set is delivered prior to its usage. It
is common that no synchronization is present between out-of - band
signaling and in-band traffic. |If out-of-band signaling is used,

it is RECOWENDED that a sender does not start sendi ng NALUs
requiring the updated paraneter sets prior to acknow edgenent of
delivery fromthe signaling protocol

- Wen paraneter sets are updated, the follow ng synchronization
i ssue should be taken into account. Wen overwiting a paraneter
set at the receiver, the sender has to ensure that the paraneter
set in question is not needed by any NALU present in the network
or receiver buffers. Qherw se, decoding with a wong paraneter
set may occur. To lessen this problem it is RECOWENDED eit her
to overwite only those paraneter sets that have not been used for
a sufficiently long time (to ensure that all related NALUs have
been consuned), or to add a new paraneter set instead (which may
have negative consequences for the efficiency of the video
codi ng) .

- \Wen new paraneter sets are added, previously unused paraneter set
identifiers are used. This avoids the problemidentified in the
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previ ous paragraph. However, in a nultiparty session, unless a
synchroni zed control protocol is used, there is a risk that
multiple entities try to add different paraneter sets for the sane
identifier, which has to be avoi ded.

- Adding or nodifying paranmeter sets by using both principles B and
Cin the same RTP session may |lead to inconsistencies of the
paraneter sets because of the | ack of synchronization between the
control and the RTP channel. Therefore, principles B and C MJST
NOT both be used in the sane session unless sufficient
synchroni zati on can be provi ded.

In sone scenarios (e.g., when only the subset of this payload format
speci fication corresponding to H 241 is used), it is not possible to
enpl oy out-of -band paranmeter set transmission. In this case,
paraneter sets have to be transnmitted in-band. Here, the

synchroni zation with the non-paraneter-set-data in the bitstreamis
inmplicit, but the possibility of a loss has to be taken into account.
The | oss probability should be reduced using the nechani snms di scussed
above.

- Wien paraneter sets are initially provided using principle A and
then | ater added or updated in-band (principle C, there is a risk
associ ated with updating the paraneter sets delivered out-of - band.
If receivers niss sonme in-band updates (for exanple, because of a
loss or a late tune-in), those receivers attenpt to decode the
bitstream using out-dated parameters. It is RECOMVENDED t hat
paraneter set |Ds be partitioned between the out-of-band and in-
band paraneter sets.

To allow for maximumflexibility and best performance fromthe H 264
coder, it is recommended, if possible, to allow any sender to add its
own paraneter sets to be used in a session. Setting the "paraneter-
add" paraneter to fal se should only be done in cases where the
sessi on topol ogy prevents a participant to add its own paraneter
sets.

9. Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [4], and in any appropriate RTP profile (for exanple,
[16]). This inplies that confidentiality of the nmedia streans is
achi eved by encryption; for exanple, through the application of SRTP
[26]. Because the data conpression used with this payload format is
applied end-to-end, any encryption needs to be performed after

conpr essi on.
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A potential denial-of-service threat exists for data encodi ngs using
conpressi on techni ques that have non-uniformreceiver-end
conmput ati onal |oad. The attacker can inject pathol ogical datagrans
into the streamthat are conplex to decode and that cause the
receiver to be overloaded. H. 264 is particularly vulnerable to such
attacks, as it is extrenely sinple to generate datagrans containing
NAL units that affect the decodi ng process of many future NAL units.
Therefore, the usage of data origin authentication and data integrity
protection of at |east the RTP packet is RECOMVENDED; for exanpl e,
with SRTP [ 26].

Note that the appropriate nechanismto ensure confidentiality and
integrity of RTP packets and their payloads is very dependent on the
application and on the transport and signaling protocols enployed.
Thus, although SRTP is given as an exanpl e above, other possible
choi ces exi st.

Decoders MUST exercise caution with respect to the handling of user
data SEI nessages, particularly if they contain active el enents, and
MUST restrict their domain of applicability to the presentation
contai ning the stream

End-to-End security with either authentication, integrity or
confidentiality protection will prevent a MANE from perform ng
nmedi a- awar e operations other than discarding conplete packets. And
in the case of confidentiality protection it will even be prevented
fromperform ng discarding of packets in a nmedia aware way. To all ow
any MANE to performits operations, it will be required to be a
trusted entity which is included in the security context

est abl i shrent .

10. Congestion Control

Congestion control for RTP SHALL be used in accordance with RFC 3550
[4], and with any applicable RTP profile; e.g., RFC 3551 [16]. An
addi tional requirenment if best-effort service is being used is:

users of this payl oad fornmat MJUST nonitor packet |oss to ensure that
the packet loss rate is within acceptable paraneters. Packet loss is
consi dered acceptable if a TCP fl ow across the same network path, and
experiencing the sane network conditions, would achieve an average

t hroughput, neasured on a reasonable tinescale, that is not |ess than
the RTP flow is achieving. This condition can be satisfied by

i npl enenti ng congestion control mnechani sns to adapt the transm ssion
rate (or the number of |ayers subscribed for a | ayered nulticast
session), or by arranging for a receiver to | eave the session if the
|l oss rate is unacceptably high.
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The bit rate adaptation necessary for obeying the congestion control
principle is easily achievable when real-tine encoding is used.
However, when pre-encoded content is being transmitted, bandw dth
adaptation requires the availability of nore than one coded
representation of the same content, at different bit rates, or the
exi stence of non-reference pictures or sub-sequences [22] in the
bitstream The switching between the different representati ons can
normal |y be performed in the sane RTP session; e.g., by enploying a
concept known as SI/SP slices of the Extended Profile, or by
switching streans at |IDR picture boundaries. Only when non-

downgr adabl e paraneters (such as the profile part of the
profile/level ID) are required to be changed does it becone necessary
to terminate and re-start the nedia stream This may be acconplished
by using a different RTP payl oad type.

MANEs MAY follow the suggestions outlined in section 7.3 and renove
certain unusabl e packets fromthe packet stream when that stream was
damaged due to previous packet losses. This can help reduce the
network load in certain special cases.

11. | ANA Consi deration

| ANA has regi stered one new M ME type; see section 8.1
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12. Informative Appendi x: Application Exanples

Thi s payl oad specification is very flexible inits use, in order to
cover the extrenely wi de application space anticipated for H. 264.
However, this great flexibility also makes it difficult for an

i npl emrenter to decide on a reasonabl e packeti zati on schenme. Sone

i nformati on on how to apply this specification to real-world
scenarios is likely to appear in the formof acadenic publications
and a test nodel software and description in the near future.
However, sone prelimnary usage scenarios are described here as well.

12.1. Video Tel ephony according to | TU-T Recomendati on H. 241
Annex A

H. 323- based vi deo tel ephony systens that use H 264 as an opti onal
vi deo conpression schene are required to support H. 241 Annex A [15]
as a packetization schenme. The packetization nechani sm defined in
this Annex is technically identical with a small subset of this
speci ficati on.

When a system operates according to H 241 Annex A, paraneter set NAL
units are sent in-band. Only Single NAL unit packets are used. Many
such systens are not sending |IDR pictures regularly, but only when
required by user interaction or by control protocol neans; e.g., when
swi tchi ng between video channels in a Miultipoint Control Unit or for
error recovery requested by feedback.

12.2. Video Tel ephony, No Slice Data Partitioning, No NAL Unit
Aggr egati on

The RTP part of this scheme is inplenmented and tested (though not the
control -protocol part; see bel ow).

In nost real-world video tel ephony applications, picture paraneters
such as picture size or optional nodes never change during the
lifetinme of a connection. Therefore, all necessary paraneter sets
(usually only one) are sent as a side effect of the capability
exchange/ announcenent process, e.g., according to the SDP syntax
specified in section 8.2 of this docunent. As all necessary
paraneter set information is established before the RTP session
starts, there is no need for sending any paraneter set NAL units.
Slice data partitioning is not used, either. Thus, the RTP packet
stream basically consists of NAL units that carry single coded
slices.

The encoder chooses the size of coded slice NAL units so that they

of fer the best performance. Oten, this is done by adapting the
coded slice size to the MIU size of the IP network. For snal
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picture sizes, this may result in a one-picture-per-one-packet
strategy. Intra refresh algorithns clean up the |oss of packets and
the resulting drift-related artifacts.

12.3. Video Tel ephony, Interleaved Packetization Using NAL Unit
Aggr egati on

This schene all ows better error conceal nent and is used in H 263
based designs using RFC 2429 packetization [10]. It has been
i npl erent ed, and good results were reported [12].

The VCL encoder codes the source picture so that all macrobl ocks
(MBs) of one MB line are assigned to one slice. Al slices with even
MB row addresses are conbined into one STAP, and all slices with odd
MB row addresses into another. Those STAPs are transnitted as RTP
packets. The establishnent of the parameter sets is perforned as

di scussed above.

Note that the use of STAPs is essential here, as the high nunber of

i ndi vidual slices (18 for a CIF picture) would | ead to unacceptably
hi gh | P/ UDP/ RTP header overhead (unless the source coding tool FMOis
used, which is not assuned in this scenario). Furthernore, some
wirel ess video transm ssion systens, such as H 324M and the |P-based
vi deo tel ephony specified in 3GPP, are likely to use relatively smal
transport packet size. For exanmple, a typical MIU size of H 223 AL3
SDU is around 100 bytes [17]. Coding individual slices according to
this packetization scheme provides further advantage in conmunication
between wired and wirel ess networks, as individual slices are likely
to be snaller than the preferred maxi num packet size of wirel ess
systens. Consequently, a gateway can convert the STAPs used in a
wired network into several RTP packets with only one NAL unit, which
are preferred in a wirel ess network, and vice versa.

12. 4. Video Tel ephony with Data Partitioning

Thi s schene has been inpl enented and has been shown to offer good
perfornmance, especially at higher packet |loss rates [12].

Data Partitioning is known to be useful only when sone form of
unequal error protection is available. Normally, in single-session
RTP environnments, even error characteristics are assunmed; i.e., the
packet | oss probability of all packets of the session is the sane
statistically. However, there are neans to reduce the packet |oss
probability of individual packets in an RTP session. A FEC packet
according to RFC 2733 [18], for exanple, specifies which nedia
packets are associated with the FEC packet.
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12.

In all cases, the incurred overhead is substantial but is in the sane
order of nagnitude as the nunber of bits that have otherw se been
spent for intra information. However, this mechani sm does not add
any delay to the system

Agai n, the conplete paraneter set establishnent is performed through
control protocol neans.

5. Video Tel ephony or Streaming with FUs and Forward Error
Correction

Thi s schene has been inpl enented and has been shown to provi de good
perfornmance, especially at higher packet |loss rates [19].

The nost efficient means to conbat packet |osses for scenarios where
retransm ssions are not applicable is forward error correction (FEC).
Al t hough application |ayer, end-to-end use of FEC is often | ess

ef ficient than an FEC-based protection of individual Iinks
(especially when Iinks of different characteristics are in the
transni ssion path), application |ayer, end-to-end FEC i s unavoi dabl e
in some scenarios. RFC 2733 [18] provides nmeans to use generic,
application layer, end-to-end FEC i n packet-loss environnments. A

bi nary forward error correcting code is generated by applying the XOR
operation to the bits at the sane bit position in different packets.
The binary code can be specified by the parameters (n,k) in which k
is the nunber of information packets used in the connection and n is
the total nunber of packets generated for k information packets;
i.e., n-k parity packets are generated for k information packets.

Wien a code is used with paraneters (n,k) within the RFC 2733
framework, the follow ng properties are well known:

a) |If applied over one RTP packet, RFC 2733 provides only packet
repetition.

b) RFC 2733 is nmost bit rate efficient if XOR-connected packets have
equal | ength.

c) At the sane packet |oss probability p and for a fixed k, the
greater the value of nis, the smaller the residual error
probability beconmes. For exanple, for a packet |oss probability
of 10% k=1, and n=2, the residual error probability is about 1%
whereas for n=3, the residual error probability is about 0.1%

d) At the sane packet |oss probability p and for a fixed code rate
k/n, the greater the value of nis, the smaller the residual error
probability becomes. For exanple, at a packet |oss probability of
p=10% k=1 and n=2, the residual error rate is about 1% whereas
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for an extended CGol ay code with k=12 and n=24, the residual error
rate i s about 0.01%

For applying RFC 2733 in conmbination with H 264 baseline coded video
wi t hout using FUs, several options might be considered:

1) The video encoder produces NAL units for which each video frame is
coded in a single slice. Applying FEC, one could use a sinple
code; e.g., (n=2, k=1). That is, each NAL unit woul d basically
just be repeated. The disadvantage is obviously the bad code
perfornmance according to d), above, and the low flexibility, as
only (n, k=1) codes can be used.

2) The video encoder produces NAL units for which each video frame is
encoded in one or nore consecutive slices. Applying FEC, one
could use a better code, e.g., (n=24, k=12), over a sequence of
NAL units. Depending on the nunber of RTP packets per franme, a
|l oss may i ntroduce a significant delay, which is reduced when nore
RTP packets are used per franme. Packets of conpletely different
l ength m ght al so be connected, which decreases bit rate
ef ficiency according to b), above. However, with sone care and
for slices of 1kb or larger, similar Iength (100-200 bytes
difference) may be produced, which will not |ower the bit
efficiency catastrophically.

3) The video encoder produces NAL units, for which a certain frane
contains k slices of possibly alnmst equal [ength. Then, applying
FEC, a better code, e.g., (n=24, k=12), can be used over the
sequence of NAL units for each frame. The delay conpared to that
of 2), above, may be reduced, but several disadvantages are
obvious. First, the coding efficiency of the encoded video is
| owered significantly, as slice-structured coding reduces intra-
frame prediction and additional slice overhead is necessary.
Second, pre-encoded content or, when operating over a gateway, the
video is usually not appropriately coded with k slices such that
FEC can be applied. Finally, the encoding of video producing k
slices of equal length is not straightforward and m ght require
nore than one encodi ng pass.

Many of the nentioned di sadvantages can be avoi ded by applying FUs in
conbi nation with FEC. Each NAL unit can be split into any nunber of
FUs of basically equal |length; therefore, FEC with a reasonable k and
n can be applied, even if the encoder made no effort to produce
slices of equal length. For exanple, a coded slice NAL unit
containing an entire frane can be split to k FUs, and a parity check
code (n=k+1, k) can be applied. However, this has the di sadvantage
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that unless all created fragnents can be recovered, the whole slice
will be lost. Thus a larger section is lost than would be if the
frame had been split into several slices.

The presented techni que nakes it possible to achi eve good

transni ssion error tolerance, even if no additional source coding
| ayer redundancy (such as periodic intra franes) is present.
Consequently, the sane coded vi deo sequence can be used to achieve
t he maxi mum conpression efficiency and quality over error-free
transm ssion and for transm ssion over error-prone networks.
Furthernmore, the technique allows the application of FEC to pre-

encoded sequences without adding delay. |In this case, pre-encoded
sequences that are not encoded for error-prone networks can still be
transnitted al nost reliably without addi ng extensive delays. In

addition, FUs of equal length result in a bit rate efficient use of
RFC 2733.

If the error probability depends on the length of the transmtted
packet (e.g., in case of nobile transm ssion [14]), the benefits of
applying FUs with FEC are even nore obvious. Basically, the
flexibility of the size of FUs allows appropriate FEC to be applied
for each NAL unit and unequal error protection of NAL units.

When FUs and FEC are used, the incurred overhead is substantial but
is in the sane order of magnitude as the nunber of bits that have to
be spent for intra-coded nacroblocks if no FECis applied. 1In [19],
it was shown that the overall performance of the FEC based approach
enhanced quality when using the sanme error rate and sane overall bit
rate, including the overhead.

12.6. Low Bit-Rate Streaning

This schene has been inplenented with H 263 and non-standard RTP
packeti zati on and has given good results [20]. There is no technical
reason why simlarly good results could not be achievable with H. 264.

In today’s Internet stream ng, some of the offered bit rates are
relatively lowin order to allow termnals with dial-up nodens to
access the content. In wired IP networks, relatively | arge packets,
say 500 - 1500 bytes, are preferred to smaller and nore frequently
occurring packets in order to reduce network congestion. NMbreover
use of large packets decreases the anmount of RTP/UDP/IP header
overhead. For low bit-rate video, the use of |arge packets neans
that sonetines up to few pictures should be encapsul ated in one
packet .
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However, | oss of a packet including nany coded pictures would have
drastic consequences for visual quality, as there is practically no
other way to conceal a loss of an entire picture than to repeat the
previous one. One way to construct relatively | arge packets and

mai ntain possibilities for successful |oss concealnment is to
construct MIAPs that contain interleaved slices from severa
pictures. An MIAP should not contain spatially adjacent slices from
the same picture or spatially overlapping slices fromany picture.

If a packet is lost, it is likely that a lost slice is surrounded by
spatially adjacent slices of the sane picture and spatially
correspondi ng slices of the tenporally previous and succeedi ng

pi ctures. Consequently, conceal nent of the lost slice is likely to
be relatively successful.

12.7. Robust Packet Scheduling in Video Stream ng

Robust packet scheduling has been inplemented with MPEG 4 Part 2 and
sinmulated in a wireless stream ng environment [21]. There is no
technical reason why similar or better results could not be

achi evabl e with H. 264.

Streaming clients typically have a receiver buffer that is capabl e of
storing a relatively |large amount of data. Initially, when a
stream ng session is established, a client does not start playing the
stream back i mediately. Rather, it typically buffers the incom ng
data for a few seconds. This buffering hel ps maintain continuous

pl ayback, as, in case of occasional increased transni ssion delays or
net wor k t hroughput drops, the client can decode and play buffered
data. O herwi se, without initial buffering, the client has to freeze
the display, stop decoding, and wait for incom ng data. The
buffering is also necessary for either automatic or selective
retransm ssion in any protocol level. |If any part of a picture is

| ost, a retransm ssion nechani smmy be used to resend the | ost data.
If the retransmitted data is received before its schedul ed decodi ng
or playback tine, the loss is recovered perfectly. Coded pictures
can be ranked according to their inportance in the subjective quality
of the decoded sequence. For exanple, non-reference pictures, such
as conventional B pictures, are subjectively least inportant, as
their absence does not affect decoding of any other pictures. In
addition to non-reference pictures, the ITUT H 264 | 1SOIEC
14496- 10 standard includes a tenporal scalability method call ed sub-
sequences [22]. Subjective ranking can al so be nade on coded slice
data partition or slice group basis. Coded slices and coded slice
data partitions that are subjectively the nost inportant can be sent
earlier than their decoding order indicates, whereas coded slices and
coded slice data partitions that are subjectively the |east inportant
can be sent later than their natural coding order indicates.
Consequently, any retransnitted parts of the npbst inportant slices
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and coded slice data partitions are nore likely to be received before
their schedul ed decodi ng or playback tinme conpared to the | east
i nportant slices and slice data partitions.

13. Infornmative Appendi x: Rationale for Decoding O der Nunber
13.1. Introduction

The Decodi ng Order Nunber (DON) concept was introduced mainly to
enable efficient multi-picture slice interleaving (see section 12.6)
and robust packet scheduling (see section 12.7). 1In both of these
applications, NAL units are transnitted out of decoding order. DON
i ndi cates the decodi ng order of NAL units and should be used in the
receiver to recover the decoding order. Exanple use cases for
efficient multi-picture slice interleaving and for robust packet
scheduling are given in sections 13.2 and 13.3, respectively.
Section 13.4 describes the benefits of the DON concept in error
resiliency achi eved by redundant coded pictures. Section 13.5
sumari zes considered alternatives to DON and justifies why DON was
chosen to this RTP payl oad specification.

13.2. Exanple of Multi-Picture Slice Interleaving
An exanple of multi-picture slice interleaving follows. A subset of
a coded video sequence is depicted below in output order. R denotes
a reference picture, N denotes a non-reference picture, and the
nunber indicates a relative output tine.
RL N2 R33N RS ...

The decodi ng order of these pictures fromleft to right is as
foll ows:

Rl R3 N2 RS N4 ..

The NAL units of pictures RL, R3, N2, R5, and N4 are nmarked with a
DON equal to 1, 2, 3, 4, and 5, respectively.
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Each reference picture consists of three slice groups that are
scattered as follows (a nunmber denotes the slice group nunber for
each macroblock in a QCIF frane):

01201201201
20120120120
12012012012
01201201201
20120120120
12012012012
01201201201
20120120120
12012012012

For the sake of sinplicity, we assune that all the nacrobl ocks of a
slice group are included in one slice. Three MIAPs are constructed
fromthree consecutive reference pictures so that each MIAP contai ns
three aggregation units, each of which contains all the macrobl ocks
fromone slice group. The first MIAP contains slice group O of
picture R1, slice group 1 of picture R3, and slice group 2 of

pi cture R5. The second MIAP contains slice group 1 of picture R1,
slice group 2 of picture R3, and slice group O of picture R5. The
third MIAP contains slice group 2 of picture RL, slice group O of
picture R3, and slice group 1 of picture R5. Each non-reference

pi cture is encapsul ated into an STAP-B.

Consequently, the transnission order of NAL units is the follow ng:

R1, slice group O, DON 1, carried in MIAP, RTP SN N

R3, slice group 1, DON 2, carried in MIAP, RTP SN. N

R5, slice group 2, DON 4, carried in MIAP, RTP SN N

R1, slice group 1, DON 1, carried in MIAP, RTP SN: N+1
R3, slice group 2, DON 2, carried in MIAP, RTP SN. N+1
R5, slice group O, DON 4, carried in MIAP, RTP SN: N+1
R1, slice group 2, DON 1, carried in MIAP, RTP SN. N+2
R3, slice group 1, DON 2, carried in MIAP, RTP SN. N+2
R5, slice group O, DON 4, carried in MIAP, RTP SN. N+2
N2, DON 3, carried in STAP-B, RTP SN. N+3
N4, DON 5, carried in STAP-B, RTP SN. N+4

The receiver is able to organize the NAL units back in decodi ng order
based on the val ue of DON associated with each NAL unit.

If one of the MIAPs is lost, the spatially adjacent and tenporally
co-| ocat ed macrobl ocks are received and can be used to conceal the
loss efficiently. |If one of the STAPs is lost, the effect of the
| oss does not propagate tenporally.
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13.3. Exanpl e of Robust Packet Scheduling

An exanpl e of robust packet scheduling follows. The comrunication
systemused in the exanple consists of the follow ng conmponents in
the order that the video is processed fromsource to sink

canera and capturing
pre-encodi ng buffer
encoder

encoded picture buffer
transnmitter
transm ssi on channel
receiver

recei ver buffer
decoder

decoded picture buffer
di spl ay

OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0O

The video comuni cation systemused in the exanpl e operates as
follows. Note that processing of the video stream happens gradually
and at the sane tine in all conponents of the system The source

vi deo sequence is shot and captured to a pre-encoding buffer. The
pre-encodi ng buffer can be used to order pictures from sanpling order
to encoding order or to analyze nmultiple unconpressed frames for bit
rate control purposes, for exanple. |In sone cases, the pre-encoding
buffer may not exist; instead, the sanpled pictures are encoded right
away. The encoder encodes pictures fromthe pre-encoding buffer and
stores the output; i.e., coded pictures, to the encoded picture
buffer. The transmitter encapsul ates the coded pictures fromthe
encoded picture buffer to transm ssion packets and sends themto a
recei ver through a transm ssion channel. The receiver stores the
recei ved packets to the receiver buffer. The receiver buffering
process typically includes buffering for transm ssion delay jitter.
The receiver buffer can also be used to recover correct decoding
order of coded data. The decoder reads coded data fromthe receiver
buffer and produces decoded pictures as output into the decoded

pi cture buffer. The decoded picture buffer is used to recover the
output (or display) order of pictures. Finally, pictures are

di spl ayed.

In the followi ng exanple figures, | denotes an IDR picture, R denotes
a reference picture, N denotes a non-reference picture, and the
nunber after I, R or Nindicates the sanpling tinme relative to the

previous |IDR picture in decoding order. Values bel ow the sequence of
pi ctures indicate scaled systemclock tinestanps. The system cl ock
isinitialized arbitrarily in this exanple, and tinme runs fromleft
toright. Each I, R and N picture is napped into the sanme tineline
conpared to the previous processing step, if any, assuning that
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encodi ng, transm ssion, and decoding take no tinme. Thus, events
happening at the sane tinme are |ocated in the sanme col um throughout
all exanple figures.

A subset of a sequence of coded pictures is depicted belowin
sanpl i ng order

N58 N59 100 NO1 NO2 RO3 NO4 NOS5 RO6 ... N58 N59 100 NO1 ...

58 59 60 61 62 63 64 65 66 ... 128 129 130 131 ...
Figure 16. Sequence of pictures in sanpling order

The sanpl ed pictures are buffered in the pre-encoding buffer to
arrange themin encoding order. In this exanple, we assune that the
non-reference pictures are predicted fromboth the previous and the
next reference picture in output order, except for the non-reference
pictures i mediately preceding an I DR picture, which are predicted
only fromthe previous reference picture in output order. Thus, the
pre-encodi ng buffer has to contain at |east two pictures, and the
buffering causes a delay of two picture intervals. The output of the
pre-encodi ng buffering process and the encodi ng (and decodi ng) order
of the pictures are as foll ows:

N58 N59 1 00 RO3 NO1 NO2 RO6 NO4 NO5 ...
AR R P P PP EEPA PEPI P
60 61 62 63 64 65 66 67 68

Figure 17. Re-ordered pictures in the pre-encoding buffer

The encoder or the transmitter can set the value of DON for each
picture to a value of DON for the previous picture in decoding order
pl us one.

For the sake of sinplicity, let us assune that:

the frane rate of the sequence is constant,

each picture consists of only one slice,

each slice is encapsulated in a single NAL unit packet,

there is no transm ssion delay, and

pictures are transmtted at constant intervals (that is, 1/ frane
rate).

O O0OO0OO0O0
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When pictures are transnmitted in decoding order, they are received as
foll ows:

N58 N59 100 RO3 NO1 NO2 RO6 NO4 NO5 ...
AR R T P PP EEPA PEPI P
60 61 62 63 64 65 66 67 68

Figure 18. Received pictures in decoding order

The OPTI ONAL sprop-interl eaving-depth MM type paraneter is set to
0, as the transmission (or reception) order is identical to the
decodi ng order

The decoder has to buffer for one picture interval initially inits
decoded picture buffer to organize pictures from decoding order to
out put order as depicted bel ow

N58 N59 1 00 NO1 NO2 RO3 NO4 NO5S RO6 ...
J e e e s e ] -
61 62 63 64 65 66 67 68 69

Figure 19. CQutput order

The anpunt of required initial buffering in the decoded picture
buffer can be signaled in the buffering period SEI nessage or with
the numreorder_frames syntax el enent of H. 264 video usability
informati on. numreorder_frames indicates the maxi mum nunber of
frames, conplenentary field pairs, or non-paired fields that precede
any franme, conplementary field pair, or non-paired field in the
sequence in decoding order and that followit in output order. For
the sake of sinplicity, we assume that numreorder_frames is used to
indicate the initial buffer in the decoded picture buffer. 1In this
exanpl e, numreorder_franes is equal to 1.

It can be observed that if the IDR picture 100 is |ost during

transni ssion and a retransni ssion request is issued when the val ue of
the systemclock is 62, there is one picture interval of time (unti
the system cl ock reaches tinmestanp 63) to receive the retransnitted

| DR picture 100.
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Let us then assunme that IDR pictures are transmtted two frame
intervals earlier than their decoding position; i.e., the pictures
are transmtted as foll ows:

00 N58 N59 RO3 NO1 NO2 RO6 NO4 NO5 ...

62 63 64 65 66 67 68 69 70
Figure 20. Interleaving: Early IDR pictures in sending order

The OPTI ONAL sprop-interleaving-depth MME type paraneter is set

equal to 1 according to its definition. (The value of sprop-

interl eaving-depth in this exanple can be derived as follows:

Picture 100 is the only picture preceding picture N58 or N59 in
transm ssion order and following it in decoding order. Except for
pictures 100, N58, and N59, the transm ssion order is the sane as the
decodi ng order of pictures. As a coded picture is encapsulated into
exactly one NAL unit, the value of sprop-interleaving-depth is equa
to the maxi mum nunber of pictures preceding any picture in

transm ssion order and follow ng the picture in decoding order.)

The receiver buffering process contains two pictures at a tine
according to the value of the sprop-interleaving-depth paraneter and
orders pictures fromthe reception order to the correct decoding
order based on the value of DON associated with each picture. The
out put of the receiver buffering process is as follows:

N58 N59 | 00 RO3 NO1 NO2 RO6 NO4 NO5 ...

R R R R e R RETREE

63 64 65 66 67 68 69 70 71
Figure 21. Interleaving: Receiver buffer

Again, an initial buffering delay of one picture interval is needed
to organi ze pictures from decodi ng order to output order, as depicted

bel ow
N58 N59 | 00 NO1 NO2 RO3 NO4 NO5 ...
64 65 66 67 65 60 70 70
Figure 22. Interleaving: Receiver buffer after reordering

Note that the maxi mum delay that | DR pictures can undergo during
transm ssion, including possible application, transport, or link
| ayer retransmission, is equal to three picture intervals. Thus, the
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13.

13.

loss resiliency of IDR pictures is inproved in systens supporting
retransm ssion conpared to the case in which pictures were
transnitted in their decoding order.

4. Robust Transmni ssion Schedul i ng of Redundant Coded Slices

A redundant coded picture is a coded representation of a picture or a
part of a picture that is not used in the decoding process if the
corresponding primary coded picture is correctly decoded. There
shoul d be no noticeabl e difference between any area of the decoded
primary picture and a corresponding area that would result from
application of the H 264 decodi ng process for any redundant picture
in the same access unit. A redundant coded slice is a coded slice
that is a part of a redundant coded picture.

Redundant coded pictures can be used to provide unequal error
protection in error-prone video transmssion. |If a primry coded
representation of a picture is decoded incorrectly, a correspondi ng
redundant coded picture can be decoded. Exanples of applications and
codi ng techni ques using the redundant codec picture feature include
the video redundancy coding [23] and the protection of "key pictures”
in multicast stream ng [24].

One property of nmany error-prone video comuni cations systens is that
transnission errors are often bursty. Therefore, they may affect
nmore than one consecutive transm ssion packets in transni ssion order
In low bit-rate video conmunication, it is relatively common that an
entire coded picture can be encapsul ated into one transm ssion
packet. Consequently, a primary coded picture and the correspondi ng
redundant coded pictures nay be transmtted in consecutive packets in
transni ssion order. To nake the transm ssion schene nore tol erant of
bursty transm ssion errors, it is beneficial to transmt the primary
coded picture and redundant coded picture separated by nore than a
singl e packet. The DON concept enables this.

5. Remarks on Ot her Design Possibilities

The slice header syntax structure of the H 264 coding standard
contains the franme_num syntax el enent that can indicate the decoding
order of coded franmes. However, the usage of the frame_num syntax
el enent is not feasible or desirable to recover the decodi ng order
due to the follow ng reasons:

0 The receiver is required to parse at |east one slice header per
coded picture (before passing the coded data to the decoder).
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0 Coded slices frommultiple coded video sequences cannot be
i nterleaved, as the frane nunmber syntax elenment is reset to O in
each I DR picture.

0 The coded fields of a conplenentary field pair share the sane
val ue of the frame_num syntax el enment. Thus, the decodi ng order
of the coded fields of a conplenentary field pair cannot be
recovered based on the frame_num syntax el ement or any other
syntax el ement of the H. 264 codi ng syntax.

The RTP payl oad format for transport of MPEG 4 el enentary streans

[ 25] enables interleaving of access units and transni ssion of
multiple access units in the sane RTP packet. An access unit is
specified in the H 264 coding standard to conprise all NAL units
associated with a primary coded picture according to subcl ause
7.4.1.2 of [1]. Consequently, slices of different pictures cannot be
interleaved, and the nmulti-picture slice interleaving technique (see
section 12.6) for inproved error resilience cannot be used.
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