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Abstr act

This meno describes an RTP Payl oad format for the I TUT
Recommendati on H. 264 vi deo codec and the technically identica

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

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

| SO | EC counterpart of the coding standard

The H. 264 video codec has a very broad application range that covers
all forms of digital conpressed video from low bit-rate Internet
stream ng applications to HDTV broadcast and Digital G nema
applications with nearly | ossless coding. Conpared to the current
state of technology, 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 Mit/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 sms 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 macrobl ock data of an integer nunber of
macr obl ocks, and the information of the slice header (containing the
spatial address of the first macroblock in the slice, the initia
quanti zation paraneter, and simlar information). Macroblocks in
slices are arranged in scan order unless a different nacrobl 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 Networ k 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 environments. Annex B of H. 264
defines an encapsul ation process to transmt such NAL units over
byte-streamoriented networks. |In the scope of this nmeno, Annex B is
not relevant.
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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 decoding process.
This 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 time, and the sanpling or
presentation tine of slices and pictures. The decoding process
specified in H 264 is unaware of tine, and the H 264 syntax does not
carry information such as the nunber of skipped franes (as is conmon
in the formof the Tenporal Reference in earlier video conpression
standards). Also, there are NAL units that affect many pictures and
that are, therefore, inherently tinmeless. For this reason, the
handl i ng of the RTP timestanp requires sone special considerations
for NAL units for which the sanpling or presentation tine is not
defined or, at transmission tine, unknown.

1.2. Paraneter Set Concept

One very fundanental design concept of H 264 is to generate self-
cont ai ned packets, to nake nechani sns 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 rel evant to
nore than one slice fromthe nmedia stream This higher |layer 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 also avail abl e
for applications that do not have an out-of-band transport channe
appropriate for the purpose.) The conbination of the higher-I|evel
paraneters is called a paraneter set. The H. 264 specification

i ncludes two types of paraneter sets: sequence paraneter set and
picture paraneter set. An active sequence paraneter set renains
unchanged t hroughout a coded vi deo sequence, and an active picture
paraneter set renmmi ns unchanged within a coded picture. The sequence
and picture paranmeter set structures contain information such as
picture size, optional coding nodes enpl oyed, and macrobl ock to slice
group nap.

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

wi thout having to transnit paraneter set updates synchronously to the
slice packet stream the encoder and decoder can mamintain a list of
nore 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 mechani small ows the decoupling of the transni ssion of paraneter
sets fromthe packet stream and the transm ssion of them by externa
means (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 transmitted 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 inmediately.

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
summari zed below. The NAL unit type octet has the followi ng fornat:

| O] 1] 2] 3| 4] 5] 6] 7|
R ol ok I S SN e
| FINRI|  Type

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

F: 1 bit
forbi dden_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
picture prediction. Such NAL units can be discarded wi 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 meno. 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 meno introduces new NAL unit types, which are presented in
section 5.2. The NAL unit types defined in this nmeno are narked 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", "RECOMMENDED', "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 same as assigning that
bit the value of 1 (On). Cearing a bit is the same as assi gni ng
that bit the value of 0 (OFf).

3. Scope

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

H. 264 NAL unit streamover RTP, and not the bitstream fornat

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

vi deo tel ephony or video conferencing, but the payload format al so
covers other applications, such as Internet streaning and TV over |P

4. Definitions and Abbreviations
4. 1. Definitions

This docunent uses the definitions of [1]. The follow ng terns,
defined in [1], are sumed up for conveni ence:

access unit: A set of NAL units always containing a prinmry coded
picture. 1In addition to the primary 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
picture. 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-1DR access units including all
subsequent access units up to but not including any subsequent |DR
access unit.

I DR access unit: An access unit in which the primary coded picture
is an I DR picture.
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I DR picture: A coded picture containing only slices with I or Sl
slice types that causes a "reset" in the decoding process. After
the decoding of an IDR picture, all follow ng coded pictures in
decodi ng order can be decoded without 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 decodi ng process for a bitstreamconformng to H. 264.
The primary coded picture contains all macrobl 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 bitstreamconforning to
H. 264. The content of a redundant coded picture may be used by

t he 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.

In addition, the follow ng definitions apply:

decodi ng order nunber (DON): A field in the payload structure, or
a derived variable indicating NAL unit decoding order. Values of
DON are in the range of 0 to 65535, inclusive. After reaching the
maxi mum val ue, the value of DON waps around to O.

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

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

medi a aware network el enent (MANE): A network el enent, such as a
m 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 nornma
routers or gateways in that a MANE has to be aware of the
signaling (e.g., to learn about the payl oad type nmappi ngs of
the media streans), and in that it has to be trusted when
working 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 snallest negative inpact on the user
experience and renove 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 Nunber Difference

FEC. Forward Error Correction

FU: Fragnentati on Unit

| DR: I nst ant aneous Decodi ng Refresh

| EC. International Electrotechnical Conmission

| SO I nternational O ganization for Standardization

I TU-T: I nternational Tel ecomuni cation Union
Tel econmruni cati on St andar di zati on Sect or

MANE: Medi a Aware Networ k El enent

MTAP: Mul ti-Ti ne Aggregation Packet

MTAP16: MIAP with 16-bit tinmestanp of fset

MTAP24: MIAP with 24-bit timestanp of fset

NAL: Net wor k Abstraction Layer

NALU: NAL Uni t

SEl : Suppl enent al Enhancenent | nfornmation

STAP: Si ngl e- Ti e 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 nat
5.1. RTP Header Usage

The format 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 manner consistent with that specification

When one NAL unit is encapsul ated per RTP packet, the RECOMMENDED RTP
payl oad format is specified in section 5.6. The RTP payload (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
i T o T e e e et o S s S R R SR
|V=2|P|X] CC |M PT | sequence numnber
B T e o i S I i i S S N iy St S I S S
| ti mestanp
e e i i e i S S S S
| synchroni zati on source (SSRC) identifier
B R = =R T e e e e e LRI R
| contributing source (CSRC) identifiers

B el ok T S S O e e i it S R B +: B el o o o S O e e e i
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 | ast 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
aggregati on 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

aggregation packet carrying multiple NAL units. Thus, if a
gat eway 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 assignnment of an RTP payl oad type for this new packet fornat
is outside the scope of this docunent and will not be specified
here. The assignnment of a payload type has to be perfornmed either
through the profile used or in a dynanm c way.

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

Ti mestanp: 32 bits

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

Wenger, et al. St andards Track [ Page 9]



RFC 3984 RTP Payl oad Format for H. 264 Video February 2005

If the NAL unit has no timing properties of its own (e.qg.
paraneter set and SEI NAL units), the RTP tinestanp is set to the
RTP timestanp of the primary coded picture of the access unit in
which 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 ignore any picture timng SEI nessages incl uded
in access units that have only one display tinmestanp. |nstead,
recei vers SHOULD use the RTP tinestanp for synchronizing the

di spl ay process.

RTP senders SHOULD NOT transmit picture tining SEIl nessages for
pictures that are not supposed to be displayed as multiple fields.

If one access unit has nore than one display tinestanp carried in
a picture tining SEIl nessage, then the information in the SE
nmessage SHOULD be treated as relative to the RTP tinestanp, with
the earliest event occurring at the time given by the RTP

ti mestanp, and subsequent events later, as given by the difference
in SEI nessage picture timng values. Let tSEI1l, tSEl2, ...,
tSEIn be the display tinmestanps carried in the SEl nessage of an
access unit, where tSEI1 is the earliest of all such tinestanps.
Let tnmadjst() be a function that adjusts the SEI nessages tine
scale to a 90-kHz time 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 - tSEI1).

Informative 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 frames is displayed on a display
using interlaced scanning. The picture timng SEl nessage
enabl es carriage of nultiple tinmestanps for the sane coded
picture, and therefore the 3:2 pull down process is perfectly
controlled. The picture timng SEIl nmessage nmechanismis
necessary because only one tinmestanp 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 cation of the network performance, as the cal culation rules
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for interarrival jitter (section 6.4.1 of RFC 3550) assune that
the RTP tinmestanp of a packet is directly proportional to its
transm ssion tine.

5.2. Common Structure of the RTP Payl oad For mat

The payl oad fornmat 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., in the range of 1 to 23, inclusive. Specified in
section 5. 6.

Aggregation packet: Packet type used to aggregate nultiple NAL units
into a single RTP payl oad. This packet exists in four versions, the
Si ngl e- Ti ne Aggr egati on Packet type A (STAP-A), the Single-Tine
Aggregati on Packet type B (STAP-B), Milti-Time Aggregati on Packet
(MTAP) with 16-bit offset (MIAP16), and Milti-Ti me Aggregati on Packet
(MTAP) with 24-bit offset (MIAP24). The NAL unit type nunbers
assigned for STAP-A, STAP-B, MIAP16, and MrAP24 are 24, 25, 26, and
27, respectively. Specified in section 5.7.

Fragnmentation unit: Used to fragment 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 payl oad structures

Type Packet Type name Section
0 undefi ned -
1-23 NAL unit Single NAL unit packet per H 264 5.6
24 STAP- A Singl e-tine aggregati on packet 5.7.1
25 STAP- B Singl e-tine aggregati on packet 5.7.1
26 MIAP16 Multi-tine aggregation packet 5.7.2
27 MIAP24 Multi-tine aggregation packet 5.7.2
28 FU- A Fragnentation unit 5.8
29 FU-B Fragnentation 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
fragmentation 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|
i e s
| FINRI|  Type

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

F: 1 bit
forbi dden_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 payl oad nay contain bit errors or other syntax viol ations.

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 nmay be present in the
payl oad or in the NAL unit type octet. The sinplest decoder
reaction to a NAL unit in which the F bit is equal to 1is 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 semantics 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 deternined by the encoder. MANEs
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can use this information to protect nore inmportant NAL units
better than they do | ess inportant NAL units. The hi ghest
transport priority is 11, followed by 10, and then by 01; finally,
00 is the | owest.

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

An H. 264 encoder MJST set the value of NRI according to the H. 264
specification (subclause 7.4.1) when the value of nal _unit_type is
in the 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
havi ng 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 NRI val ues, the
foll owi ng exanpl e MAY be used and has been shown to be efficient
in a certain environnent [13]. Oher mappi ngs 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
Mai n 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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Informati ve note: As nentioned before, the NRI val ue of non-
reference pictures is 00 as nandated 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 recommendati on for the value of NRI is given for NAL units
having nal _unit_type in the range of 13 to 23, inclusive, because
these values are reserved for ITU-T and I SOIEC. No
reconmendation 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. Packetization Mdes

This neno specifies three cases of packetization nodes:

o

Singl e NAL unit node
Non-i nt er| eaved node
o Interl eaved node

o

The single NAL unit node is targeted for conversational systens that
conply with | TU-T Reconmendati on H. 241 [15] (see section 12.1). The
non-interl eaved node is targeted for conversational systens that may
not conply with ITU T Recommendation H.241. In the non-interleaved
node, NAL units are transnmitted in NAL unit decoding order. The
interleaved node is targeted for systens that do not require very | ow
end-to-end latency. The interleaved node all ows transnission of NAL
units out of NAL unit decoding order

The packetization node in use MAY be signal ed by the value of the
OPTI ONAL packeti zati on-node M ME paraneter or by external neans. The
used packetization node governs which NAL unit types are allowed in
RTP payl oads. Table 3 sunmarizes the allowed NAL unit types for each
packetization node. Sone NAL unit type values (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 Mode" and in "Non-
Interl eaved Mbde", but disallowed in "Interleaved Mde"

Packeti zati on nodes are explained in nore detail in section 6.

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



RFC 3984 RTP Payl oad Format for H. 264 Video February 2005

Table 3. Sunmmary of allowed NAL unit types for each packetization

node (yes = allowed, no = disallowed, ig = ignore)
Type Packet Si ngl e NAL Non- | nt er | eaved Interl eaved
Unit Mbde Mbde Mbde
0 undefi ned ig ig ig
1-23 NAL uni t yes yes no
24 STAP- A no yes no
25 STAP- B no no yes
26 MIAP16 no no yes
27 MIAP24 no no yes
28 FU- A no yes yes
29 FU-B no no yes
30-31 undefined ig ig ig

5.5. Decodi ng Order Nunber (DON)

In the interleaved packetization 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 transmi ssion and decoding order is controlled by the
OPTI ONAL sprop-interleaving-depth M ME paraneter as follows. Wen
the val ue of the OPTI ONAL sprop-interleaving-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 MJUST conformto the NAL unit decoding
order. Wen the value of the OPTI ONAL sprop-interleaving-depth M ME
paraneter is greater than O 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

o0 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 payload 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 derivati on 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 transmitter wants to encapsulate a single
NAL unit per packet and transmit packets out of their decoding
order, STAP-B packet type can be used.

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

Signaling of the value of DON for NAL units carried in STAP-B, MIAP,
and a series of fragmentation 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 naxi 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 fragmentation units starting with an FU-B is determ ned
as follows. Let DON(i) be the decodi ng order nunber of the NAL unit
having index i in the transm ssion order. Function don_diff(mmn) is
specified as foll ows:

If DON(m == DON(n), don diff(mn) =0

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

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

If (DON(nm) < DON(n) and DON(n) - DON(nm) >= 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(n))

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

transm ssion order index n follows, in decoding order, the NAL unit
havi ng transm 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(mmn) indicates that the
NAL unit having transnission 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 deternined by the values of DON
as specified above, conforns 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 decoding order, the NAL
units MJUST NOT have the same value of DON. If the order of two
consecutive NAL units in the NAL unit streamis switched and the new
order still conforns to the NAL unit decoding order, the NAL units
MAY have the sane val ue 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 sane val ue 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.
Wien two consecutive NAL units in the NAL unit decodi ng 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, incremented
by one.

An exanpl e of the decapsul ati on 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
transm ssion. An increnent by one is not required, as at the tinme
of associating values of DON to NAL units, it may not be known
whet her all NAL units are delivered to the receiver. For exanple,
a gateway may 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. |n another
exanple, a live broadcast is interrupted by pre-encoded content,
such as commercials, fromtinme to time. The first intra picture
of a pre-encoded clip is transmtted in advance to ensure that it
is readily available in the receiver. Wen transnitting 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 estinmted 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 MJUST contain only one NAL
unit, of the types defined in [1]. This neans 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 ating
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 T e S e I aT oi o S e e e T T o ST o

FINRI| type | |

+- - - - - - -+ |

|

Bytes 2..n of a Single NAL unit |

|

B R R S b i T it s O S S SR SR SR
:...OPTIONAL RTP paddi ng |

+
|
+
|
|
|
|
|
i i i I T aih s S S S S S

Figure 2. RTP payload format for single NAL unit packet

5.7. Aggregation Packets

Aggregation packets are the NAL unit aggregation schene 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 MU size that is often limted by the
Et hernet MIU si ze; 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
packetization overhead, a NAL unit aggregation schene is introduced.

Two types of aggregation packets are defined by this specification:

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

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

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

Each NAL unit to be carried in an aggregation 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 T e S i i i i T S S e e S i o i I T N S
FINRI| type | I
+ +- - - +- -+ |
|
one or nore aggregation units
|

R et e i S S S R S
:...OPTIONAL RTP paddi ng
B s T T S S S T s sl T ot S o S S S S S e i

Figure 3. RTP payload format for aggregation packets

MIAPs and STAPs share the foll owi ng packetization rules: The RTP
timestanp MJUST be set to the earliest of the NALU tinmes of all the
NAL units to be aggregated. The type field of the NAL unit type
octet MIST be set to the appropriate value, as indicated in Table 4.
The F bit MJUST 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 mum of all the NAL units carried in the aggregation packet.

Table 4. Type field for STAPs and MIAPs

Type Packet Ti nest anp of f set DON rel ated fields

field I ength (DON, DONB, DOND)
(in bits) present

24 STAP- A 0 no

25 STAP- B 0 yes

26 MTAP16 16 yes

27 MIAP24 24 yes

The marker bit in the RTP header is set to the value that the marker
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 nany aggregation units as necessary; however, the tota
anount of data in an aggregation packet obviously MIST 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-Tine Aggregation Packet

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

0 1 2 3
01234567890123456789012345678901
B T S S e s e i s S i S S S S S S T S SR S S S i S S S
: |
s i N S |
| |
| single-tine aggregation units
| |
| I T e it ol (I R R S R S S R
| :
R S S S SR S
Figure 4. Payload format for STAP-A
0 1 2 3
01234567890123456789012345678901
T S T S S S T it S S it i
decodi ng order nunber (DON) |
B T i S S s st s ST S S S S O S S |
| |
| single-tine aggregation units
| |
| T iy S S St SN S
| :
B i i S S S Tk i o

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 transnission order. For each successive NAL unit in
appearance 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-tine 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 may
not be aligned on a 32-bit word boundary. Figure 6 presents the
structure of the single-tine aggregation unit.

0 1 2 3
01234567890123456789012345678901
B T S S e s e i s S i S S S S S S T S SR S S S i S S S
: NAL unit size |

i S T i S T it e e |
| |
| NAL unit |
| |
| I T e it ol (I R R S R S S R
| :

R S S S SR S

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

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

| RTP Header |
S S S R S R AU U S RS
| STAP- A NAL HDR | NALU 1 Size | NALU 1 HDR |
do e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e o
| NALU 1 Data |
+ oo oo o o o o o o o e o e o o e o o o o o o 4o 4
| | NALU 2 Size | NALU 2 HDR |
o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e -
|

NALU 2 Data |
| s i T S TR T E o h
| :...OPTIONAL RTP paddi ng |
i T i i o e e e e et i S S S S R S

Figure 7. An exanple of an RTP packet including an STAP-A and two
single-tine aggregation units
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Figure 8 presents an exanpl e of an RTP packet that contai ns an STAP-
B. The STAP contains two single-tinme aggregation units, labeled as 1
and 2 in the figure.

0 1 2 3

012345678901 23456789012345678901
oottt oo oo oo o o oo o o o o o o o o o o o o o o o o 4o+
| RTP Header |
o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o 4
| STAP-B NAL HDR | DON | NALU 1 Size |
do e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e o
| NALU1 Size | NALU1 HDR | NALU 1 Data |
oottt oo oo o o o oo 4o 4o+ +

+ T S i S S S T S I S S e
| | NALU 2 Size | NALU 2 HDR |
T T T T e L~y Supr
| NALU 2 Data |

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

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

5.7.2. Milti-Time Aggregation Packets (MIAPs)

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

Informative note: The first NAL unit in the NAL unit decoding

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
B T et e i T e e S Tk b I R
decodi ng order nunber base
B Tk i i S i S S ek o h S

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

+-
|

I

I

| o dm b e b e e e e e e e e e e -
| :

B T S T S S I

Figure 9. NAL unit payload format for MIAPs

Two different nulti-time aggregation units are defined in this
specification. Both of them consist of 16 bits unsigned size
information of the following NAL unit (in network byte order), an 8-
bit unsi gned 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 MrAP24) is application dependent: the |arger
the tinestanp offset is, the higher the flexibility of the MIAP, but
the overhead is al so higher.

The structure of the nulti-tine 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 REQUI RED to be on a 32-bit word boundary. The DON of the
following NAL unit is equal to (DONB + DOND) % 65536, in which %
denotes the nodul o operation. This nmeno does not specify how the NAL
units within an MIAP are ordered, but, in nost cases, NAL unit

decodi ng order SHOULD be used.

The tinestanp offset field MUST be set to a value equal to the val ue
of the following formula: If the NALU-tine is larger than or equal to
the RTP tinestanp of the packet, then the tinestanp offset equals
(the NALU-tine of the NAL unit - the RTP tinestanp of the packet).

If the NALU-tinme is snaller 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
T e i e i i R S R e e o i R N R R
: NAL unit size | DOND | TS offset |
T S T i e i S i T i i S S S
| TS offset |

I i e O s o NAL uni t
|

|

|

+-

|
|
|
B o I NI S R S S R S S e i i
B I i i S R e +-:|-
Figure 10. Milti-time aggregation unit for MIAP16

0 1 2 3
01234567890123456789012345678901
B T e o i S I i i S S N iy St S I S S
: NALU unit size | DOND | TS offset |
T i e i i e e s . S I S S S
| TS of f set | |
e e i Sl T S R SR |
| NAL unit |
| B il i S S S S S T S S
|+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

Figure 11. Milti-tine aggregation unit for MIAP24

For the "earliest” multi-time aggregation unit in an MIAP the
ti mnestanp of fset MJUST be zero. Hence, the RTP tinestanp of the MIAP
itself is identical to the earliest NALU-tine.

Informative note: The "earliest" multi-tinme aggregation unit is
the one that would have the snall est extended RTP timestanp anong
all the aggregation units of an MIAP if the aggregation units were
encapsul ated in single NAL unit packets. An extended tinestanp is
a tinestanp that has nore than 32 bits and is capable of counting
the wraparound of the tinestanp field, thus enabling one to
determine the smallest value if the tinestanp waps. Such an
"earliest" aggregation unit may not be the first one in the order
in which the aggregation units are encapsul ated in an MIAP. The
"earliest" NAL unit need not be the sane as the first NAL unit in
the NAL unit decodi ng order either
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Fi gure 12 presents an exanple of an RTP packet that contains a
nmul ti-time aggregation packet of type MIAP16 that contains two
multi-time aggregation units, labeled as 1 and 2 in the figure.

0 1 2

3

01234567890123456789012345678901

T T i e i i e T e b s S S SN S
| RTP Header |
i T i i o e e e e e e et i S S S R R SR
| MTAP16 NAL HDR | decodi ng order number base | NALU 1 Size |
B T e o i S I i i S S N iy St S I S S
| NALU 1 Size | NALU 1 DOND | NALU 1 TS of f set |
T e e i i e T e e i ek S S S SN SR
| NALU 1 HDR | NALU 1 DATA |
i o e e ¥
+ B S T i s s oI S S SN S S S S S e
| | NALU 2 SIZE | NALU 2 DOND |
e i e i i e T i Sl s I S S ey
| NALU 2 TS of f set | NALU 2 HDR | NALU 2 DATA |
T e s o i i o e i S SR TR

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

Figure 12. An RTP packet including a multi-time aggregation
packet of type MIAP16 and two nulti-tine aggregation

units
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Fi gure 13 presents an exanple of an RTP packet that contains a
mul ti-time aggregation packet of type MIAP24 that contains two
multi-time aggregation units, labeled as 1 and 2 in the figure.

0 1 2 3
01234567890123456789012345678901

T T T S S S i S DU St
NALU 2 DATA |

T T i e i i e T e b s S S SN S
| RTP Header |
i T i i o e e e e e e et i S S S R R SR
| MTAP24 NAL HDR | decodi ng order number base | NALU 1 Size |
B e s i e e e s i i ST RIE CRIE TR TR TR S T S S S s sl S S S
| NALU 1 Size | NALU 1 DOND | NALU 1 TS offs |
T e e i i e T e e i ek S S S SN SR
| NALU 1 TS offs | NALU 1 HDR | NALU 1 DATA |
e o i Sl S e R S +
+ B S T i s s oI S S SN S S S S S e
| | NALU 2 SIZE | NALU 2 DOND |
e i e i i e T i Sl s I S S ey
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+- - +-

I
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Figure 13. An RTP packet including a multi-time aggregation
packet of type MIAP24 and two nulti-tine aggregation
units

5.8. Fragmentation Units (FUs)

This payl oad type allows fragnenting a NAL unit into several RTP
packets. Doing so on the application |layer instead of relying on
| ower layer fragnentation (e.g., by IP) has the follow ng advant ages:

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

o The fragmentation nmechanismallows 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
aggregation packets. A fragnent of a NAL unit consists of an integer
nurmber of consecutive octets of that NAL unit. Each octet of the NAL
unit MJST be part of exactly one fragnment of that NAL unit.

Fragnments of the same 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
fragment). Sinmilarly, a NAL unit MJST be reassenbled in RTP sequence
number order.

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

The RTP tinmestanp of an RTP packet carrying an FUis set to the NALU
time of the fragnented NAL unit.

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

0 1 2 3

01234567890123456789012345678901
B Lt r s i i i o o T s ks S R S

FU i ndicator | FU header | |
R e R o i i i s S S R T R |
|
|
|

e T
:...OPTIONAL RTP paddi ng |

|

+-

|

| FU payl oad
|

|

|

B s T s s e T o e S T ks et s oot ST S S S o S S 3

Figure 14. RTP payload 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 decodi ng order nunber (DON)
(in network byte order), and a fragmentation unit payload. |n 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
B T T T o o S S S e i S S Tk e e Y S
| FU indicator | FU header | DON
T S e e S S e S e e i i e T i e i e e e it
|
|
|

FU payl oad

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

Figure 15. RTP payl oad format for FU-B

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

The FU indicator octet has the follow ng fornmat:

| O] 1] 2] 3| 4] 5] 6] 7|
i e 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 fragnmented NAL unit.

The FU header has the foll ow ng format:

| O] 1] 2| 3| 4] 5] 6] 7|
R it i i s S
| SIE|IR  Type
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S: 1 bit
When set to one, the Start bit indicates the start of a fragnmented
NAL unit. Wen the followi ng 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 fragnmented NAL
unit, i.e., the last byte of the payload is also the |last byte of

the fragnented NAL unit. When the followi ng FU payl oad is not the
| ast fragment of a fragnented NAL unit, the End bit is set to

zero.
R 1 bit
The Reserved bit MJST be equal to 0 and MUST be ignored by the
receiver.
Type: 5 bits

The NAL unit payload type as defined in table 7-1 of [1].
The value of DONin FU-Bs is selected as described in section 5.5.

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

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

i ndi cator octet of the fragnmentation 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 environnents. These
senders can be characterized in that they packetize NALU fragnents
before the NALU is conpl etely generated and, hence, before the
NALU size is known. |If zero-length NALU fragments were not

al | oned, the sender would have to generate at |east one bit of
data of the followi ng fragnment before the current fragnment could
be sent. Due to the characteristics of H 264, where sonetines
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several nmacrobl 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
transm ssi on.

If a fragnentation unit is |lost, the receiver SHOULD di scard al
following fragnentation units in transnission order corresponding to
the sane 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 fragnent
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. Packeti zati on Rul es

The packetization nodes are introduced in section 5.2. The
packetization rules common 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-interl eaved node, and the interl eaved
node are specified in sections 6.2, 6.3, and 6.4, respectively.

6.1. Conmmon Packetization 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 sane RTP
ti mestanp val ue) MAY be sent in any order pernitted by the
applicable profile defined in [1]; however, for delay-critica
systens, they SHOULD be sent in their original coding order to
mnimze the delay. Note that the coding order is not necessarily
the scan order, but the order the NAL packets becone available to
t he RTP stack.

o0 Paraneter sets are handled in accordance with the rul es and
recomendati 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 nmeans to identify duplicated NAL
units. Sequence and picture paraneter set NAL units MAY be
duplicated to make their correct reception nore probable, but any
such duplication MIUST NOT affect the contents of any active
sequence or picture paraneter set. Duplication SHOULD be
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perfornmed on the application |layer and not by duplicating RTP
packets (with identical sequence numnbers).

Senders using the non-interl eaved node and the interl eaved node MJST
enforce the foll owi ng packetization rule:

0o MANEs MAY convert single NAL unit packets into one aggregation
packet, convert an aggregation packet into several single NAL unit
packets, or mx 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 nechanisns (e.g.

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

for sequence and picture paraneter set NAL units and coded slice
data partition A NAL units), bearable latency of the system and
buffering capabilities of the receiver

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

6.2. Single NAL Unit Mde

This nmode is in use when the value of the OPTI ONAL packeti zati on-node
M ME paraneter is equal to 0, the packetization-node is not present,
or no other packetization node is signaled by external neans. Al
receivers MJST support this node. It is prinmarily intended for |ow
del ay applications that are conpatible with systems using ITUT
Reconmendati 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 nmode is in use when the value of the OPTI ONAL packeti zati on-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

| ow-delay 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 transmission order of NAL units MJST conply with the
NAL unit decodi ng order.
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6.4. Interleaved Mde

This nmode is in use when the val ue 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 transnission 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 follow ng description should be seen as an exanple of a suitable
i mpl enentation. Oher schemes nay be used as well. Optinizations
relative to the described algorithns are likely possible. Section
7.1 presents the de-packetization process for the single NAL unit and
non-interl eaved packetizati 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 normal RTP nmechani sns related to buffer managenent apply. In
particul ar, duplicated or outdated RTP packets (as indicated by the
RTP sequences nunber and the RTP tinestanp) are renpoved. 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

transmi ssion delay jitter. The receiver stores incomng packets in
reception order into the receiver buffer. Packets are decapsul ated
in RTP sequence nunber order. |f a decapsulated packet is a single
NAL unit packet, the NAL unit contained in the packet is passed
directly to the decoder. |f 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 at ed packet is an FU-A all the fragnents of the fragnented
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 fromtransm ssion order to the NAL unit decodi ng order.

The receiver includes a receiver buffer, which is used to conpensate
for transm 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 compensation of
transmi ssion delay jitter, the receiver buffer is here after called
the deinterleaving buffer in this section. Receivers SHOULD al so
prepare for transmission delay jitter; i.e., either reserve separate
buffers for transmi ssion delay jitter buffering and deinterl eaving
buffering or use a receiver buffer for both transnission delay jitter
and deinterl eaving. 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 foll ows: 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

VWhen 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
deinterleaving buffer size with the sprop-deint-buf-req MM
paraneter. It is therefore RECOWENDED to set the deinterl eaving
buffer size, in terns of nunmber of bytes, equal to or greater than
the val ue of sprop-deint-buf-req M ME paraneter. See section 8.1 for
further information on deint-buf-cap and sprop-deint-buf-req MM
paraneters and section 8.2.2 for further information on their use in
SDP O f er/ Answer nodel .

When a decl arative session description is used in session setup, the
sprop-deint-buf-req M ME paraneter signals the requirenent for the
deinterl eaving buffer size. It is therefore RECOWENDED to set the
deinterleaving buffer size, in ternms of nunber of bytes, equal to or
greater than the val ue of sprop-deint-buf-req M ME paraneter

Wenger, et al. St andards Track [ Page 34]



RFC 3984 RTP Payl oad Format for H. 264 Video February 2005

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
followi ng functions and constants:

0o Function AbsDON is specified in section 8.1.
o Function don diff is specified in section 5.5.

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

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

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

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

o Initial buffering has lasted for the duration equal to or greater
than the value of the OPTIONAL sprop-init-buf-tine M ME paraneter.

The NAL units to be renmoved fromthe deinterl eaving buffer are
determi ned as foll ows:

o If the deinterleaving buffer contains at | east N VCL NAL units,
NAL units are renoved fromthe deinterleaving buffer and passed to
the decoder in the order specified below until the buffer contains
N-1 VCL NAL units.
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7.

(o]

I f sprop-nmax-don-diff is present, all NAL units mfor which
don_diff(mn) is greater than sprop-nmax-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
greatest val ue of AbsDON anong 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 0 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. |f the value of DON of the NAL unit is
| arger than the value of PDON, the DON distance is equal to DON -
PDON. O herw se, the DON distance is equal to 65535 - PDON + DON
+ 1.

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

When a desired nunmber 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 del i nes

The foll owi ng additional de-packetization rules may be used to
i npl enent an operational H 264 de-packetizer

(o]

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

di scardi ng usel ess packets wi thout parsing a conplex bitstream

Intelligent RTP receivers (e.g., in gateways) nay identify | ost
FUs. If alost FUIis found, a gateway may decide not to send the
followi ng FUs of the sanme fragmented NAL unit, as their
information i s neani ngl ess for H 264 decoders. |In this way a MANE

can reduce network | oad by discardi ng usel ess packets wi thout
parsing a conpl ex bitstream
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o Intelligent receivers having to discard packets or NALUs shoul d
first discard all packets/NALUs in which the value of the NR
field of the NAL unit type octet is equal to 0. This wll
m nimze the inpact on user experience and keep the reference
pictures intact. |If nore packets have to be discarded, then
packets with a nunerically |lower NRI val ue should be discarded
bef ore packets with a nunerically 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 paraneters that MAY be used to sel ect
optional features of the payload format and certain features of the
bitstream The paraneters are specified here as part of the MM
subtype registration for the ITUT H 264 | |SOIEC 14496-10 codec. A
mappi ng of the paraneters into the Session Description Protocol (SDP)
[B] is also provided for applications that use SDP. Equival ent
paraneters could be defined el sewhere for use with control protocols
that do not use M ME or SDP

Some paraneters provide a receiver with the properties of the stream
that will be sent. The nanme of all these paranmeters 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 paraneter is constrained by the
profile-level-id paraneter. The nedia sender selects all "sprop"
paraneters rather than the receiver. This uncommon characteristic of
the "sprop" paraneters nmay not be conpatible with some signaling
protocol concepts, in which case the use of these paraneters SHOULD
be avoi ded.

8.1. MME Registration
