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nmul ti pl exed MPEG- 4 el enentary stream

Tabl e of Contents

1. Introduction . . Coe
2. Carriage of I\/PEG4 EI ement ary Streams O/er RTP .
.1. Signaling by MM Format Paraneters

. MPEG Access Units . Coe
Concat enati on of Access Unlts

Fragment ati on of Access Units

Interl eaving . .

Ti me Starrplnformauon. . .
State Indication of MPEG 4 System Strearrs
Random Access | ndication . Coe e

NESESESESESESEN
O~NO O1Th W
ooo~NoOoOoOCOToh~ bW

van der Meer, et al. St andards Track [ Page 1]



RFC 3640 Transport of MPEG 4 El ementary Streans Noverber 2003
2.9. Carriage of Auxiliary Information . . .. . 8
2.10. M ME Format Paraneters and Confi guring Oondr t| onal Field 8
2.11. dobal Structure of Payl oad Format Coe 9
2.12. Modes to Transport MPEG 4 Streans 9
2.13. Alignnent with RFC 3016 . 10

3. Payload Format . . Ce e 10
3.1. Usage of RTP Header Fi el ds and RTCP 10
3.2. RTP Payload Structure . . . . . . . 11

3.2.1. The AU Header Section . 11
3.2.1.1. The AU header 12
3.2.2. The Auxiliary Section . Coe 14
3.2.3. The Access Unit Data Section . 15
3.2.3.1. Fragnentation. 16
3.2.3.2 Interleaving . . . . . . . . . 16
3.2.3.3. Constraints for Interleaving . . . 17

3.2.3.4 Crucial and Non-Crucial AUs with
MPEG- 4 System Data . 20
3.3. Usage of this Specification. 21
3.3.1 General . . . 21
3.3.2 The Generi c I\/bde Coe 22
3.3.3. Constant Bit Rate CELP 22
3.3.4. Variable Bit Rate CELP . 23
3.3.5 Low Bit Rate AAC . 24
3.3.6 H gh Bit Rate AAC. 25
3.3.7. Additional Mdes . 26

4. | ANA Considerations. . . . 27
4.1 M ME Type Regi strat|on S 27
4.2. Registration of Mde Def|n|t|ons WlthIANA 33
4.3. Concatenation of Paraneters. e 33
4.4 Usage of SDP . . . . 34

4.4.1. The a=fntp Keyword . 34

5. Security Considerations. 34

6. Acknow edgenents . . 35

APPENDI X: Usage of this Payl oad Forrmt 36

Appendi x A. Interl eave Anal ysr s . . 36

A. Exanples of Delay Analysis with | nt erI eave 36
A 1. Introduction . 36
A. 2. De-interleaving and Error Oonceal rrent 36
A 3. Sinple Goup Interleave 36

A.3.1. Introduction . . . . . 36

A 3.2. DetermnrngtheDernterIeave Buffer Srze ... 37

A.3.3. Determning the Maxi mum D spl acenent 37

A4 More Subtle Group Interleave . 38

A 4.1. Introduction . . . . . . . 38

A 4.2, Determmngthe De- |nterleave Buffer S|ze. . . . 38

A 4.3. Determning the Maxi mum Di spl acement . . . 39

A5 Conti nuous Interleave G e e 39

A.5.1. Introduction . 39

van der Meer, et al. St andards Track [ Page 2]



RFC 3640 Transport of MPEG 4 El ementary Streans Noverber 2003

A.5.2. Determining the De-interleave Buffer Size . . . 40

5.3. Determning the Maxi mum Di splacemrent . . . . . . 40

References . . . . . . . . . . . . . . ... ... ...,
Normative References . . . . . . . . . . . . . . . . . ... ... M4
Informati ve References . . . . . . . . . . . . . . . . .. ... .4
Authors’ Addresses . . . . . . . . . . . . . . . ..., 42
Ful | Copyright Statenrent . . . . . . . . . . . . . . . . . . . . . 43

1. Introduction

The MPEG Conmittee is Wrking Goup 11 (W3L1) in ISOIEC JTC1 SC29
that specified the MPEG 1, MPEG 2 and, nore recently, the MPEG 4
standards [1]. The MPEG 4 standard specifies conpression of audio-
visual data into, for exanple an audio or video elenentary stream

In the MPEG 4 standard, these streans take the form of audi o-visua
objects that may be arranged into an audi o-visual scene by neans of a
scene description. Each MPEG 4 el enentary stream consists of a
sequence of Access Units; exanples of an Access Unit (AU) are an
audio frame and a video picture.

Thi s specification defines a general and configurabl e payl oad
structure to transport MPEG 4 el ementary streams, in particul ar
MPEG 4 audi o (including speech) streams, MPEG 4 video streans and

al so MPEG 4 systens streans, such as BIFS (Blnary Format for Scenes),
OCl (nject Content Information), OD (Object Descriptor) and | PMP
(I'ntellectual Property Managenent and Protection) streanms. The RTP
payl oad defined in this docunent is sinple to inplenment and

reasonably efficient. It allows for optional interleaving of Access
Units (such as audio frames) to increase error resiliency in packet

| oss.

Sone types of MPEG 4 el enentary streans include "crucial" information

whose | oss cannot be tolerated. However, RTP does not provide
reliable transm ssion, so receipt of that crucial information is not
assured. Section 3.2.3.4 specifies how streamstate is conveyed so
that the receiver can detect the loss of crucial information and
cease decoding until the next random access point has been received.
Applications transmtting streanms that include crucial informtion
such as OD commands, BIFS commands, or programmati c content such as
MPEG J (Java) and ECMAScript, shoul d include random access points, at
a suitable periodicity dependi ng upon the probability of loss, in
order to reduce streamcorruption to an acceptable level. An exanple
is the carousel mechani smas defined by MPEGin | SO | EC 14496-1 [1].

Such applications may al so enpl oy additional protocols or services to
reduce the probability of loss. At the RTP | ayer, these neasures

i ncl ude payl oad formats and profiles for retransm ssion or forward
error correction (such as in RFC 2733 [10]), that must be enpl oyed
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2.

2.

wi th due consideration to congestion control. Another solution that
may be appropriate for sone applications is to carry RTP over TCP
(such as in RFC 2326 [8], section 10.12). At the network |ayer,
resource allocation or preferential service nmay be available to
reduce the probability of loss. For a general description of nethods
to repair streamng nmedia, see RFC 2354 [9].

Though the RTP payload format defined in this docunent is capable of
transporting any MPEG 4 stream other, nore specific, formats may
exi st, such as RFC 3016 [12] for transport of MPEG 4 video (1SQOIEC
14496 [1] part 2).

Configuration of the payload is provided to accombpdate the
transportation of any MPEG 4 stream at any possible bit rate.
However, for a specific MPEG 4 elenentary streamtypically only very
few configurations are needed. So as to allow for the design of
simplified, but dedicated receivers, this specification requires that
speci fic nodes be defined for transport of MPEG 4 streanms. This
document defines nodes for MPEG 4 CELP and AAC streams, as well as a
generi c node that can be used to transport any MPEG 4 stream |n the
future, new RFCs are expected to specify additional nodes for the
transportation of MPEG 4 streans.

The RTP payl oad format defined in this docunent specifies carriage of
systemrelated information that is often equivalent to the

i nformati on that may be contained in the MPEG 4 Sync Layer (SL) as
defined in MPEG 4 Systens [1]. This docunent does not prescribe how
to transcode or map information fromthe SL to fields defined in the
RTP payl oad format. Such processing, if any, is left to the

di scretion of the application. However, to anticipate the need for
the transportation of any additional systemrelated information in
the future, an auxiliary field can be configured that may carry any
such dat a.

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119 [4].

Carriage of MPEG 4 El enentary Streans over RTP
1. Signaling by MM Format Paraneters

Wth this payload format, a single MPEG 4 el enentary stream can be
transported. Information on the type of MPEG 4 streamcarried in the
payl oad is conveyed by MM fornmat paraneters, as in an SDP [5]
nmessage or by other means (see section 4). These M ME format
paranmeters specify the configuration of the payload. To allow for
sinplified and dedi cated receivers, a MME format paraneter is
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avai l abl e to signal a specific node of using this payload. A nobde
definition MAY include the type of MPEG 4 el enentary stream as well
as the applied configuration, so as to avoid the need for receivers
to parse all MM format paraneters. The applied node MUST be

si gnal ed.

2.2. MPEG Access Units

For carriage of conpressed audi o-visual data, MPEG defines Access
Units. An MPEG Access Unit (AU) is the smallest data entity to which

timng information is attributed. 1In the case of audio, an Access
Unit nay represent an audio frane and in the case of video, a
pi cture. MPEG Access Units are octet-aligned by definition. |If, for

exanpl e, an audio frame is not octet-aligned, up to 7 zero-padding
bits MJUST be inserted at the end of the frame to achieve the octet-
al i gned Access Units, as required by the MPEG 4 specification
MPEG 4 decoders MJST be able to decode AUs in which such padding is
appl i ed.

Consistent with the MPEG 4 specification, this docunent requires that
each MPEG 4 part 2 video Access Unit include all the coded data of a
pi cture, any video stream headers that nay precede the coded picture
data, and any video streamstuffing that may follow it, up to but not
i ncluding the startcode indicating the start of a new video stream or
the next Access Unit.

2.3. Concatenation of Access Units

Frequently it is possible to carry multiple Access Units in one RTP
packet. This is particularly useful for audio; for exanple, when AAC
is used for encoding a stereo signal at 64 kbits/sec, AAC franes
contain on average, approximtely 200 octets. On a LANwith a 1500
octet MIU, this would allow an average of 7 conplete AAC frames to be
carried per RTP packet.

Access Units may have a fixed size in octets, but a variable size is
al so possible. To facilitate parsing in the case of multiple
concatenated AUs in one RTP packet, the size of each AU is nade known
to the receiver. \When concatenating in the case of a constant AU
size, this size is comunicated "out of band" through a M ME format
paranmeter. \When concatenating in case of variable size AUs, the RTP
payl oad carries "in band" an AU size field for each contai ned AU

In conbination with the RTP payl oad | ength, the size information

all ows the RTP payload to be split by the receiver back into the
i ndi vi dual AUs.
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To sinplify the inplenmentation of RTP receivers, it is required that
when nmultiple AUs are carried in an RTP packet, each AU MJST be
conplete, i.e., the nunber of AUs in an RTP packet MJST be integral

In addition, an AU MJUST NOT be repeated in other RTP packets; hence
repetition of an AU is only possible when using a duplicate RTP
packet .

2.4. Fragnmentation of Access Units

MPEG al |l ows for very large Access Units. Since nost |P networks have
significantly smaller MIU sizes, this payload format allows for the
fragnmentation of an Access Unit over nultiple RTP packets. Hence,
when an | P packet is lost after IP-level fragnentation, only an AU
fragment may get |ost instead of the entire AU To sinmplify the

i mpl enent ati on of RTP receivers, an RTP packet SHALL either carry one
or nore conplete Access Units or a single fragnent of one AU, i.e.
packets MJUST NOT contain fragments of multiple Access Units.

2.5. Interleaving

When an RTP packet carries a contiguous sequence of Access Units, the
| oss of such a packet can result in a "decoding gap" for the user

One nethod of alleviating this problemis to allow for the Access
Units to be interleaved in the RTP packets. For a npdest cost in

| atency and inplenmentation conplexity, significant error resiliency
to packet |oss can be achieved.

To support optional interleaving of Access Units, this payl oad fornat
allows for index information to be sent for each Access Unit. After
i nform ng receivers about buffer resources to allocate for de-
interleaving, the RTP sender is free to choose the interleaving
pattern wi thout propagating this information a priori to the
receiver(s). Indeed, the sender could dynam cally adjust the

interl eaving pattern based on the Access Unit size, error rates, etc.
The RTP receiver does not need to know the interleaving pattern used;
it only needs to extract the index information of the Access Unit and
insert the Access Unit into the appropriate sequence in the decoding
or rendering queue. An exanple of interleaving is given bel ow
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For exanple, if we assune that an RTP packet contains 3 AUs, and that
the AUs are numbered 0, 1, 2, 3, 4, and so forth, and if an
interleaving group length of 9 is chosen, then RTP packet (i) contains
the follow ng AU(n):

RTP packet(0): AU(0), AU(3), AU6)

RTP packet (1): AU(1), AU(4), AU7)

RTP packet(2): AU(2), AU5), AU8)

RTP packet (3): AU(9), AU(12), AU(15)

RTP packet(4): AU(10), AU(13), AU(16) Etc.

2.6. Tinme Stanp Information

The RTP tinme stanp MUST carry the sanpling instant of the first AU
(fragment) in the RTP packet. Wen nmultiple AUs are carried within
an RTP packet, the time stanps of subsequent AUs can be calculated if
the frame period of each AU is known. For audio and video, this is
possible if the franme rate is constant. However, in sone cases it is
not possible to make such a calculation (for exanple, for variable
frame rate video, or for MPEG 4 BIFS streams carrying conposition
information). To support such cases, this payload format can be
configured to carry a time stanp in the RTP payl oad for each

contai ned Access Unit. A tine stanp MAY be conveyed in the RTP

payl oad only for non-first AUs in the RTP packet, and SHALL NOT be
conveyed for the first AU (fragnment), as the tinme stamp for the first
AU in the RTP packet is carried by the RTP tine stanp.

MPEG 4 defines two types of time stanps: the conposition tinme stanp
(CTS) and the decoding tine stanp (DTS). The CTS represents the
sanpling instant of an AU, and hence the CTS is equivalent to the RTP
time stanp. The DTS nay be used in MPEG 4 video streans that use

bi -directional coding, i.e., when pictures are predicted in both
forward and backward direction by using either a reference picture in
the past, or a reference picture in the future. The DTS cannot be
carried in the RTP header. In sone cases, the DTS can be derived
fromthe RTP tinme stanp using frame rate information; this requires
deep parsing in the video stream which may be consi dered
objectionable. |If the video frame rate is variable, the required
informati on nmay not even be present in the video stream For both
reasons, the capability has been defined to optionally carry the DTS
in the RTP payl oad for each contained Access Unit.

To keep the coding of tine stanps efficient, each tine stanp
contained in the RTP payload is coded as a difference. For the CTS,
the offset fromthe RTP tine stanps is provided, and for the DTS, the
of fset fromthe CTS.
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2.7. State Indication of MPEG 4 System Streans

| SO | EC 14496-1 defines states for MPEG 4 systemstreans. So as to
convey state informati on when transporti ng MPEG 4 system streans,
this payload format allows for the optional carriage in the RTP

payl oad of the streamstate for each contai ned Access Unit. Stream
states are used to signal "crucial" AUs that carry infornmation whose
| oss cannot be tolerated and are al so useful when repeating AUs
according to the carousel mechanismdefined in | SO IEC 14496-1

2.8. Random Access | ndication

Random access to the content of MPEG 4 el enentary streans may be
possi bl e at sonme but not all Access Units. To signal Access Units
wher e random access is possible, a random access point flag can
optionally be carried in the RTP payl oad for each contai ned Access
Unit. Carriage of random access points is particularly useful for
MPEG 4 system streans in conbination with the stream state.

2.9. Carriage of Auxiliary Information

Thi s payl oad format defines a specific field to carry auxiliary data.
The auxiliary data field is preceded by a field that specifies the
length of the auxiliary data, so as to facilitate the skipping of
data without parsing it. The coding of the auxiliary data is not
defined in this document; instead, the format, neaning and signaling
of auxiliary information is expected to be specified in one or nore
future RFCs. Auxiliary information MJST NOT be transmitted until its
format, neani ng and signaling have been specified and its use has
been signal ed. Receivers that have know edge of the auxiliary data
MAY decode the auxiliary data, but receivers w thout know edge of
such data MUST skip the auxiliary data field.

2.10. M ME Format Paranmeters and Configuring Conditional Fields

To support the features described in the previous sections, several
fields are defined for carriage in the RTP payl oad. However, their
use strongly depends on the type of MPEG 4 el enentary streamthat is
carried. Sometimes a specific field is needed with a certain |ength,
while in other cases such a field is not needed. To be efficient in
either case, the fields to support these features are configurabl e by
neans of M ME format paraneters. 1In general, a MM format paraneter
defines the presence and | ength of the associated field. A length of
zero indicates absence of the field. As a consequence, parsing of
the payl oad requires know edge of M ME fornat paraneters. The MM
format paraneters are conveyed to the receiver via SDP [5] messages,
as specified in section 4.4.1, or through other neans.
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2.11. dobal Structure of Payload Fornat

The RTP payl oad foll owi ng the RTP header, contains three octet-
al i gned data sections, of which the first two MAY be enpty, see
Figure 1.

. Fom oo Fom oo o +

| RTP | AU Header | Auxiliary | Access Unit

| Header | Section | Section | Data Section

S S S Fom e e e e oo - +
S RTP Packet Payl oad----------- >

Figure 1: Data sections within an RTP packet

The first data section is the AU (Access Unit) Header Section, that
contai ns one or nore AU headers; however, each AU header MAY be
enpty, in which case the entire AU Header Section is enpty. The
second section is the Auxiliary Section, containing auxiliary data;
this section MAY al so be configured enpty. The third section is the
Access Unit Data Section, containing either a single fragnent of one
Access Unit or one or more conplete Access Units. The Access Unit
Data Section MJUST NOT be enpty.

2.12. Modes to Transport MPEG 4 Streans

While it is possible to build fully configurable receivers capabl e of
recei ving any MPEG 4 stream this specification also allows for the
design of sinplified, but dedicated receivers, that are for exanple,
capabl e of receiving only one type of MPEG 4 stream This is

achi eved by requiring that specific nodes be defined in order to use
this specification. Each node may define constraints for transport
of one or nore types of MPEG 4 streams, for instance on the payl oad
confi gurati on.

The applied node MIUST be signaled. Signaling the node is
particularly inportant for receivers that are only capable of
decodi ng one or nore specific nodes. Such receivers need to

det ermi ne whether the applied node is supported, so as to avoid
problems with processing of payl oads that are beyond the capabilities
of the receiver.

In this docunent several nodes are defined for the transportation of
MPEG 4 CELP and AAC streans, as well as a generic npode that can be
used for any MPEG 4 stream In the future, new RFCs may specify

ot her nmodes of using this specification. However, each node MJUST be
in full conpliance with this specification (see section 3.3.7).
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2.13. Alignnent with RFC 3016

Thi s payl oad can be configured as nearly identical to the payl oad
format defined in RFC 3016 [12] for the MPEG 4 video configurations
recommended in RFC 3016. Hence, receivers that comply with RFC 3016
can decode such RTP payl oad, provided that additional packets
cont ai ni ng video decoder configuration (VO VOL, VOSH) are inserted
in the stream as required by RFC 3016 [12]. Conversely, receivers
that conply with the specification in this document SHOULD be able to
decode payl oads, names and paraneters defined for MPEG 4 video in RFC
3016 [12]. In this respect, it is strongly RECOWENDED t hat the

i npl enentation provide the ability to ignore "in band" video decoder
configuration packets that may be found in streans conformng to the
RFC 3016 vi deo payl oad.

Note the "out of band" availability of the video decoder
configuration is optional in RFC 3016 [12]. To achi eve maxi mum
interoperability with the RTP payload format defined in this
docunent, applications that use RFC 3016 to transport MPEG 4 video
(part 2) are recomended to nake the video decoder configuration
avail able as a M ME paraneter.

3. Payl oad For mat
3.1. Usage of RTP Header Fields and RTCP

Payl oad Type (PT): The assignnment of an RTP payload type for this
packet format is outside the scope of this docunent; it is
specified by the RTP profile under which this payload format is
used, or signaled dynam cally out-of-band (e.g., using SDP).

Marker (M bit: The Mbit is set to 1 to indicate that the RTP packet
payl oad contains either the final fragment of a fragnented Access
Unit or one or nore conplete Access Units.

Extension (X) bit: Defined by the RTP profile used.

Sequence Number: The RTP sequence nunber SHOULD be generated by the
sender in the usual manner with a constant random of f set.

Ti mestanmp: Indicates the sanpling instant of the first AU contained
in the RTP payload. This sanpling instant is equivalent to the
CTSin the MPEG 4 tine domain. Wen using SDP, the clock rate of
the RTP tinme stanp MJUST be expressed using the "rtpmap" attribute.
If an MPEG 4 audio streamis transported, the rate SHOULD be set
to the same value as the sanpling rate of the audio stream If an
MPEG 4 video streamis transported, it is RECOWENDED that the
rate be set to 90 kHz.
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In all cases, the sender SHALL nmake sure that RTP tine stanps are
identical only if the RTP tine stanp refers to fragments of the sane
Access Unit.

According to RFC 3550 [2] (section 5.1), it is RECOMVENDED t hat RTP
time stanps start at a randomvalue for security reasons. This is
not an issue for synchronization of nultiple RTP streans. However,
when streams fromnmultiple sources are to be synchronized (for
exanpl e one streamfrom |l ocal storage, another froman RTP stream ng
server), synchroni zation may become inpossible if the receiver only
knows the original time stanp relationships. In such cases the tinme
stanp rel ationship required for obtaining synchroni zati on may be
provi ded by out of band neans. The fornmat of such information, as
wel | as nethods to convey such information, are beyond the scope of
this specification.

SSRC. set as described in RFC 3550 [2].
CC and CSRC fields are used as described in RFC 3550 [2].
RTCP SHOULD be used as defined in RFC 3550 [2]. Note that tinme
stanps in RTCP Sender Reports may be used to synchronize multiple
MPEG 4 el enentary streans and al so to synchronize MPEG 4 streans with
non- MPEG- 4 streans, in case the delivery of these streans uses RTP
3.2. RTP Payl oad Structure
3.2.1. The AU Header Section

When present, the AU Header Section consists of the AU headers-Ilength
field, followed by a number of AU headers, see Figure 2.

s S R i o e i e e S N e E T h o ok
| AU- header s-1 engt h| AU- header | AU- header | | AU- header | paddi ng
I I 1 (2 | | (n) | bits |
B I T e i O T I S S e R

Fi gure 2: The AU Header Section

The AU headers are configured using M Me format paranmeters and MAY be
enmpty. |If the AU-header is configured enpty, the AU headers-|ength
field SHALL NOT be present and consequently the AU Header Section is
empty. |If the AU-header is not configured enpty, then the AU
headers-length is a two octet field that specifies the length in bits
of the imedi ately foll owi ng AU headers, excluding the padding bits.

Each AU header is associated with a single Access Unit (fragnent)
contained in the Access Unit Data Section in the sane RTP packet.
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For each contai ned Access Unit (fragnent), there is exactly one AU
header. Wthin the AU Header Section, the AU headers are bit-w se
concatenated in the order in which the Access Units are contained in
the Access Unit Data Section. Hence, the n-th AU header refers to
the n-th AU (fragment). |If the concatenated AU headers consune a
non-i nteger nunber of octets, up to 7 zero-padding bits MJST be
inserted at the end in order to achieve octet-alignment of the AU
Header Secti on.

3.2.1.1. The AU header

Each AU header may contain the fields given in Figure 3. The length
in bits of the fields, with the exception of the CIS-flag, the
DTS-flag and the RAP-flag fields, is defined by MM format
paraneters; see section 4.1. |If a MM format paraneter has the
default value of zero, then the associated field is not present. The
nunber of bits for fields that are present and that represent the

val ue of a paranmeter MJST be chosen | arge enough to correctly encode
the | argest value of that parameter during the session.

If present, the fields MJST occur in the nmutual order given in Figure
3. In the general case, a receiver can only discover the size of an
AU- header by parsing it since the presence of the CIS-delta and DTS-
delta fields is signaled by the value of the CIS-flag and DTS-fl ag,
respectively.

T +
| AU si ze |
o e m e e e e e e e e e e e e e e e +
| AU- | ndex / AU-I ndex-delta |
T O +
| CTs-fl ag |
T YT +
| CTS-delta |
o e m e e e e e e e e e e e e e e e +
| DTS- fl ag |
T O +
| DTS-delta |
T YTST +
| RAP-f | ag |
o e m e e e e e e e e e e e e e e e +
| Stream state |
T O +

Figure 3: The fields in the AU header. |If used, the AU-Index field
only occurs in the first AU header within an AU Header
Section; in any other AU header, the AU Index-delta field
occurs instead.
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AU-size: Indicates the size in octets of the associ ated Access Unit
in the Access Unit Data Section in the same RTP packet. Wen the
AU si ze is associated with an AU fragnent, the AU size indicates
the size of the entire AU and not the size of the fragment. In
this case, the size of the fragnent is known fromthe size of the
AU data section. This can be exploited to determ ne whether a
packet contains an entire AU or a fragnment, which is particularly
useful after losing a packet carrying the last fragnment of an AU

AU- I ndex: Indicates the serial number of the associated Access Unit
(fragment). For each (in decoding order) consecutive AU or AU
fragnment, the serial number is incremented by 1. Wen present,
the AU-Index field occurs in the first AU header in the AU Header
Section, but MJST NOT occur in any subsequent (non-first) AU
header in that Section. To encode the serial nunber in any such
non-first AU header, the AU-Index-delta field is used.

AU- | ndex-delta: The AU-Index-delta field is an unsigned integer that
specifies the serial nunber of the associated AU as the difference
with respect to the serial nunber of the previous Access Unit.
Hence, for the n-th (n>1) AU, the serial nunber is found from

AU- I ndex(n) = AU-Index(n-1) + AU-Index-delta(n) + 1

If the AU-Index field is present in the first AU-header in the AU
Header Section, then the AU-Index-delta field MJST be present in
any subsequent (non-first) AU header. Wen the AU-Index-delta is
coded with the value 0, it indicates that the Access Units are
consecutive in decoding order. An AU Index-delta value |arger
than 0 signals that interleaving is applied.

CTS-flag: Indicates whether the CTS-delta field is present. A value
of 1 indicates that the field is present, a value of O indicates
that it is not present.

The CTS-flag field MUST be present in each AU-header if the length
of the CTS-delta field is signaled to be larger than zero. In
that case, the CTS-flag field MJST have the value 0 in the first
AU- header and MAY have the value 1 in all non-first AU headers.
The CTS-flag field SHOULD be 0 for any non-first fragnent of an
Access Unit.
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3.

2.

CTS-delta: Encodes the CTS by specifying the value of CIS as a 2's
conpl emrent offset (delta) fromthe tinme stanp in the RTP header of
this RTP packet. The CTS MJST use the sane clock rate as the tine
stanp in the RTP header.

DTS-flag: Indicates whether the DTS-delta field is present. A value
of 1 indicates that DIS-delta is present, a value of 0 indicates
that it is not present.

The DTS-flag field MUST be present in each AU -header if the length
of the DIS-delta field is signaled to be larger than zero. The
DTS-flag field MIUST have the sane value for all fragnents of an
Access Unit.

DTS-delta: Specifies the value of the DTS as a 2's conpl ement of f set
(delta) fromthe CTS. The DTS MJST use the sane clock rate as the
time stanp in the RTP header. The DTS-delta field MJST have the
sane value for all fragnments of an Access Unit.

RAP-fl ag: Wen set to 1, indicates that the associated Access Unit
provi des a random access point to the content of the stream |If
an Access Unit is fragnented, the RAP flag, if present, MJIST be
set to O for each non-first fragnent of the AU

Stream state: Specifies the state of the streamfor an AU of an
MPEG- 4 system stream each state is identified by a value of a
nodul o counter. In ISQO1EC 14496-1, MPEG 4 system streans use the
AU _SequenceNunber to signal streamstates. Wien the stream state
changes, the value of the stream state MJST be increnented by one.

Note: no relation is required between streamstates of different
streans.

2. The Auxiliary Section

The Auxiliary Section consists of the auxiliary-data-size field
followed by the auxiliary-data field. Receivers MAY (but are not
required to) parse the auxiliary-data field; to facilitate skipping
of the auxiliary-data field by receivers, the auxiliary-data-size
field indicates the length in bits of the auxiliary-data. |If the
concat enati on of the auxiliary-data-size and the auxiliary-data
fields consune a non-integer nunber of octets, up to 7 zero padding
bits MUST be inserted inmediately after the auxiliary data in order
to achieve octet-alignment. See Figure 4.
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e S i i S T s i S R e o o i
| auxiliary-data-size | auxiliary-data | paddi ng bits |
R e e i s i R S i o T

Figure 4: The fields in the Auxiliary Section

The length in bits of the auxiliary-data-size field is configurable
by a MM fornat paraneter; see section 4.1. The default |ength of
zero indicates that the entire Auxiliary Section is absent.

auxi |l i ary-data-size: specifies the length in bits of the i mediately
followi ng auxiliary-data field;

auxiliary-data: the auxiliary-data field contains data of a format
not defined by this specification.

3.2.3. The Access Unit Data Section

The Access Unit Data Section contains an integer nunber of conplete
Access Units or a single fragnent of one AU. The Access Unit Data
Section is never enpty. |If data of nore than one Access Unit is
present, then the AUs are concatenated into a contiguous string of
octets. See Figure 5. The AUs inside the Access Unit Data Section
MUST be in decoding order, though not necessarily contiguous in the
case of interleaving.

The size and number of Access Units SHOULD be adjusted such that the
resulting RTP packet is not |larger than the path MIU. To handl e

| arger packets, this payload format relies on | ower |ayers for
fragnentation, which may result in reduced perfornmance.

T I S T A S T i S S e S i St S
| AU(1) |
+ |
|
T T aupr
|
|
|

| AU(2)

it HIE N

| AU(n) |

B s ok I S o e s ol I EIE R R R e S et I S S S S il ik i T B
U(n) conti nued|
+-

|
|
|
+-
|
| i S e ek o o
|
+-
|
| o T S e

Figure 5: Access Unit Data Section; each AU is octet-aligned.
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When nultiple Access Units are carried, the size of each AU MUST be
nade available to the receiver. |If the AU size is variable, then the
size of each AU MJUST be indicated in the AU-size field of the
correspondi ng AU-header. However, if the AU size is constant for a
stream this mechani sm SHOULD NOT be used; instead, the fixed size
SHOULD be signaled by the MME format paraneter "constantSize"; see
section 4. 1.

The absence of both AU-size in the AU header and the constantSize

M ME format paraneter indicates the carriage of a single AU
(fragment), i.e., that a single Access Unit (fragnent) is transported
in each RTP packet for that stream

3.2.3.1. Fragnentation

A packet SHALL carry either one or nmore conplete Access Units, or a
single fragnent of an Access Unit. Fragnents of the same Access Unit
have the sanme time stanp but different RTP sequence nunbers. The
marker bit in the RTP header is 1 on the last fragnment of an Access
Unit, and 0 on all other fragnments.

3.2.3.2. Interleaving

Unl ess prohibited by the signal ed node, a sender MAY interl eave
Access Units. Receivers that are capabl e of receiving nodes that
support interleaving MIST be able to decode interl eaved Access Units.

VWhen a sender interleaves Access Units, it needs to provide
sufficient information to enable a receiver to unanbi guously
reconstruct the original order, even in the case of out-of-order
packets, packet |oss or duplication. The infornation that senders
need to provi de depends on whether or not the Access Units have a
constant tine duration. Access Units have a constant time duration
if:

TS(i+1) - TS(i) = constant
for any i, where:

i indicates the index of the AU in the original order, and
TS(i) denotes the time stanmp of AU(i)

The M ME paraneter "constantDuration" SHOULD be used to signal that
Access Units have a constant tine duration; see section 4.1.

If the "constantDuration" parameter is present, the receiver can

reconstruct the original Access Unit tinmng based solely on the RTP
ti mestanp and AU-I1 ndex-delta. Accordingly, when transmtting Access
Units of constant duration, the AU-Index, if present, MJST be set to
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the value 0. Receivers of constant duration Access Units MJST use
the RTP tinmestanp to determine the index of the first AUin the RTP
packet. The AU Index-delta header and the signal ed
"constantDuration" are used to reconstruct AU tim ng.

If the "constantDuration" paraneter is not present, then senders NAY
signal AUs of constant duration by coding the AU-Index with zero in
each RTP packet. 1In the absence of the constantDuration paraneter
recei vers MUST conclude that the AUs have constant duration if the
AU-index is zero in tw consecutive RTP packets.

When transmitting Access Units of variable duration, then the
"constant Duration" paranmeter MJST NOT be present, and the transmitter
MUST use the AU-Index to encode the index information required for
re-ordering, and the receiver MJST use that value to determine the

i ndex of each AU in the RTP packet. The nunmber of bits of the AU
Index field MIUST be chosen so that valid index information is
provided at the applied interleaving schene, w thout causing probl ens
due to roll-over of the AU-Index field. |In addition, the CTS-delta
MJST be coded in the AU header for each non-first AU in the RTP
packet, so that receivers can place the AUs correctly in tinme.

VWen interleaving is applied, a de-interleave buffer is needed in
receivers to put the Access Units in their correct |ogica

consecutive decoding order. This requires the conputation of the
time stanp for each Access Unit. In case of a constant tinme duration
per Access Unit, the tine stanp of the i-th access unit in an RTP
packet with RTP tine stanmp T is calcul ated as foll ows:

Timestanp[0] =T
Timestanmp[i, i > 0] =T +(Sum(for k=1 to i of (AU Index-delta[Kk]
+ 1))) * access-unit-duration

VWhen AU-Index-delta is always O, this reduces to T + i * (access-
unit-duration). This is the non-interleaved case, where the franes
are consecutive in decoding order. Note that the AU-Index field
(present for the first Access Unit) is indeed not needed in this
cal cul ati on.

3.2.3.3. Constraints for Interleaving
The size of the packets should be suitably chosen to be appropriate
to both the path MU and the capacity of the receiver’'s de-interl eave

buffer. The maxi mum packet size for a session SHOULD be chosen to
not exceed the path Mru
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To allow receivers to allocate sufficient resources for de-
interl eaving, senders MJST provide the information to receivers as
specified in this section

AUs enter the decoder in decoding order. The de-interleave buffer is
used to re-order a streamof interleaved AUs back into decoding
order. Wen interleaving is applied, the decoding of "early" AUs has
to be postponed until all AUs that precede it in decoding order are
present. Therefore, these "early" AUs are stored in the de-

interl eave buffer. As an exanple in Figure 6, the interleaving
pattern from section 2.5 is considered.

e S T

Interl eaved AUs | O] 3] 6] 1] 4] 7] 2| 5| 8| 9]12].
e EE EEE S I R S R
Storage of "early" AUs 3 3 3 3 3 3
6 6 6 6 6 6
4 4 4
T 7 7
12 12

Figure 6: Storage of "early" AUs in the de-interleave buffer per
interl eaved AU

AU(3) is to be delivered to the decoder after AU(0), AU(1l) and AU(2);
of these AUs, AU(2) arrives fromthe network |ast and hence AU(3)
needs to be stored until AU(2) is present in the pattern. Sinmilarly,
AU(6) is to be stored until AU(5) is present, while AU(4) and AU(7)
are to be stored until AU(2) and AU(5) are present, respectively.
Note that the fullness of the de-interleave buffer varies in tine.

In Figure 6, the de-interl eave buffer contains at nost 4, but often

| ess AUs.

So as to give a rough indication of the resources needed in the
recei ver for de-interleaving, the maxi mum di splacenment in tine of an
AU is defined. For any AU(j) in the pattern, each AU(i) with i<]
that is not yet present can be determ ned. The nmaxi mum di spl acenent
intinm of an AU is the maxi numdi fference between the tine stanp of
an AU in the pattern and the tine stanp of the earliest AU that is
not yet present. In other words, when considering a sequence of
interl eaved AUs, then

Maxi mum di spl acement = max{TS(i) - TS(j)}
for any i and any j>i, where:
i and j indicate the index of the AU in the interleaving

pattern, and
TS denotes the tinme stanp of the AU
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As an exanple in Figure 7, the interleaving pattern fromsection 2.5
is considered. For each AU in the pattern, the index is given of the
earliest of any earlier AUs not yet present. Hence for each AU(n) in
the interleaving pattern the smallest index k (with k<n) of not yet
delivered AUs is indicated. A "-" indicates that all previous AUs
are present. |If the AU period is constant, the maxi mum di spl acenent
equal s 5 AU periods, as found for AU(6) and AU(7).

R R s ok K SIS R
Interl eaved AUs | O] 3] 6] 1| 4] 7| 2| 5| 8] 9]|12].
R T ST S S S S e

Earliest not yet present AU -1 1 - 2 2 - - - -10

Figure 7. For each AU in the interleaving pattern, the earliest of
any earlier AUs not yet present

When interleaving, senders MJST signal the maxi mum di spl acenent in
time during the session via the M ME format paraneter
"maxDi spl acenent"; see section 4. 1.

An estimate of the size of the de-interleave buffer is found by
mul tiplying the maxi mum di spl acement by the maxi mumbit rate:

size(de-interl eave buffer) = {(nmaxDi spl acenment) * Rate(max)} / (RTP
cl ock frequency),

wher e:
Rate(max) is the maxinumbit-rate of the transported stream

Note that receivers can derive Rate(nmax) fromthe M ME format
paraneters streanflype, profile-level-id, and config.

However, this calculation estinmates the size of the de-interleave
buffer and the required size may differ fromthe cal cul ated val ue.

If this calculation under-estimtes the size of the

de-interl eave buffer, then senders, when interleaving, MJST signal a
size of the de-interleave buffer via the M ME format paraneter
"de-interl eaveBufferSi ze"; see section 4.1. |If the calculation
over-estinmates the size of the de-interleave buffer, then senders,
when interl eaving, MAY signal a size of the de-interleave buffer via
the M ME format paraneter "de-interl eaveBufferSize".

van der Meer, et al. St andards Track [ Page 19]



RFC 3640 Transport of MPEG 4 El ementary Streans Noverber 2003

The signal ed size of the de-interl eave buffer MJST be | arge enough to
contain all "early" AUs at any point in time during the session
That is:

m ni mum de-interl eave buffer size = max [sum{if TS(i) > TS(j) then
AU-si ze(i) else 0}]

for any j and any i<j, where:
i and j indicate the index of an AU in the interleaving
pattern,
TS(i) denotes the time stamp of AU(i), and
AU-si ze(i) denotes the size of AU(i) in nunber of octets.

If the "de-interleaveBufferSize" paraneter is present, then the
applied buffer for de-interleaving in a receiver MJST have a size
that is at least equal to the signaled size of the de-interleave
buffer, else a size that is at |east equal to the cal cul ated size of
the de-interl eave buffer.

No matter what interleaving scheme is used, the schene nust be

anal yzed to cal cul ate the applicabl e maxbhi spl acenent val ue, as well
as the required size of the de-interleave buffer. Senders SHOULD
signal values that are not |larger than the strictly required val ues;
if larger values are signaled, the receiver will buffer excessively.

Note that for low bit-rate material, the applied interleaving may
make packets shorter than the MIU size

3.2.3.4. Crucial and Non-Crucial AUs with MPEG 4 System Dat a

Sone Access Units with MPEG 4 systemdata, called "crucial" AUs,
carry information whose | oss cannot be tolerated, either in the
presentation or in the decoder. At each crucial AU in an MPEG 4
system stream the stream state changes. The stream state MAY renain
constant at non-crucial AUs. In I1SQO1|EC 14496-1, MPEG 4 system
streans use the AU SequenceNunmber to signal stream states.

Exanmpl e: G ven three AUs, AUl = "Insertion of node X', AU2 = "Set
position of node X', AU3 = "Set position of node X'. AUl is crucial
since if it is |ost, AU2 cannot be executed. However, AU2 is not
crucial, since AU3 can be executed even if AU2 is |ost.

When a crucial AU is (possibly) lost, the streamis corrupted. For
exanpl e, when an AU is lost and the stream state has changed at the
next received AU, then it is possible that the | ost AU was cruci al
Once corrupted, the streamremains corrupted until the next random
access point. Note that |oss of non-crucial AUs does not corrupt the
stream \Wen a decoder starts receiving a stream the decoder MJST
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consi der the streamcorrupted until an AU is received that provides a
random access point.

An AU that provides a random access point, as signaled by the RAP-
flag, may or may not be crucial. Non-crucial RAP AUs provide a
"repeated" random access point for use by decoders that recently
joined the streamor that need to re-start decoding after a stream
corruption. Non-crucial RAP AUs MJST include all updates since the
[ ast crucial RAP AU.

Upon receiving AUs, decoders are to react as follows:

a) if the RAP-flag is set to 1 and the stream state changes, then the
AU is a crucial RAP AU, and the AU MJST be decoded.

b) if the RAP-flag is set to 1 and the stream state does not change,
then the AU is a non-crucial RAP AU, and the receiver SHOULD
decode it if the streamis corrupted. Qherw se, the decoder MJST
i gnore the AU.

c) if the RAP-flag is set to O, then the AU MUST be decoded, unless
the streamis corrupted, in which case the AU MJST be ignored.

3.3. Usage of this Specification
3.3.1. Cenera

Usage of this specification requires definition of a node. A node
defines how to use this specification, as deemed appropriate.
Senders MJST signal the applied node via the M Me format paraneter
"mode", as specified in section 4.1. This specification defines a
generic nmode that can be used for any MPEG 4 stream as well as
specific nodes for the transportation of MPEG 4 CELP and MPEG 4 AAC
streans, defined in |1SQOIEC 14496-3 [1].

When use of this payload format is signaled using SDP [5], an
“rtpmap" attribute is part of that signaling. The same requirenents
apply for the rtpmap attribute in any node conpliant to this
specification. The general formof an rtpmap attribute is:

a=rt pmap: <payl oad type> <encodi ng nane>/ <cl ock rate>[/<encodi ng
par amet er s>]

For audi o streans, <encodi ng paraneters> specifies the nunber of
audi o channels: 2 for stereo material (see RFC 2327 [5]) and 1 for
nmono. Provided no additional paraneters are needed, this paraneter
may be omitted for mono material, hence its default value is 1
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3.3.2. The Ceneric Mde

The generic node can be used for any MPEG 4 stream In this node, no
node-specific constraints are applied; hence, in the generic node,
the full flexibility of this specification can be exploited. The
generic node is signal ed by node=generic.

An exanple is given below for the transportation of a Bl FS-Anim
stream In this exanple carriage of nmultiple BIFS Anim Access Units
is allowed in one RTP packet. The AU header contains the AU-size
field, the CIS-flag and, if the CIS flag is set to 1, the CIS-delta
field. The number of bits of the AU-size and the CTS-delta fields
are 10 and 16, respectively. The AU header al so contains the RAP-
flag and the Streamstate of 4 bits. This results in an AU header
with a total size of two or four octets per BIFS-Anim AU. The RTP
time stanp uses a 1 kHz clock. Note that the nmedia type name is

vi deo, because the Bl FS-Animstreamis part of an audi o-vi sua
presentation. For conventions on nedia type nanes, see section 4.1.

In detail:

mevi deo 49230 RTP/ AVP 96

a=rt pmap: 96 npeg4- generi c/ 1000

a=fnmt p: 96 streantype=3; profile-level-id=1807; node=generi c;
obj ect Type=2; confi g=0842237F24001FB400094002C0; si zelLengt h=10;
CTSDel t aLengt h=16; randomAccessl ndi cati on=1
streanfst at el ndi cati on=4

Note: The a=fntp line has been wapped to fit the page, it conprises
asingle line in the SDP file.

The hexadeci mal val ue of the "config" paranmeter is the
Bl FSConfiguration() as defined in | SO | EC 14496-1. The
Bl FSConfi guration() specifies that the BIFS streamis a BIFS-Anim
stream For the description of MME parameters, see section 4.1.

3.3.3. Constant Bit-rate CELP

This node is signal ed by node=CELP-cbr. In this node, one or nore
conpl ete CELP franes of fixed size can be transported in one RTP
packet; interleaving MUST NOT be used with this node. The RTP

payl oad consi sts of one or nore concatenated CELP franes, each of
equal size. CELP franmes MUST NOT be fragnented when using this node.
Both the AU Header Section and the Auxiliary Section MJST be enpty.

The M ME format paraneter constantSize MJST be provided to specify
the length of each CELP frame.
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For exanpl e:

mraudi o 49230 RTP/ AVP 96

a=rt pmap: 96 npeg4- generic/ 16000/ 1

a=fnt p: 96 streantype=5; profile-Ilevel-id=14; node=CELP-cbr; config=
440EQ00; constant Si ze=27; const ant Durati on=240

Note: The a=fntp |line has been wapped to fit the page, it conprises
a single line in the SDP file.

The hexadeci mal val ue of the "config" paranmeter is the

Audi oSpeci ficConfig()as defined in |ISQOIEC 14496- 3.

Audi oSpeci ficConfig() specifies a nono CELP streamwi th a sanpling
rate of 16 kHz at a fixed bitrate of 14.4 kb/s and 6 sub-franmes per
CELP frame. For the description of MME paraneters, see section 4.1.

3.3.4. Variable Bit-rate CELP

This node is signaled by node=CELP-vbr. Wth this nbde, one or nore
conpl ete CELP franmes of variable size can be transported in one RTP
packet with OPTIONAL interleaving. In this node, the |argest
possi bl e value for AU-size is greater than the nmaxi mum CELP frane
size. Because CELP franes are very small, there is no support for
fragnentation of CELP franmes. Hence, CELP franes MJUST NOT be
fragnment ed when using this node.

In this node, the RTP payl oad consists of the AU Header Section

foll owed by one or nore concatenated CELP franmes. The Auxiliary
Section MJST be enpty. For each CELP frane contained in the payl oad,
there MUST be a one octet AU header in the AU Header Section to

provi de:

a) the size of each CELP frame in the payl oad and

b) index information for computing the sequence (and hence tim ng) of
each CELP frane.

Transport of CELP frames requires that the AU-size field be coded
with 6 bits. Therefore, in this node 6 bits are allocated to the
AU-size field, and 2 bits to the AU-Index(-delta) field. Each AU
Index field MIUST be coded with the value 0. 1In the AU Header
Section, the concatenated AU headers are preceded by the 16-bit AU
headers-length field, as specified in section 3.2.1.

In addition to the required MME format paraneters, the follow ng
par amet ers MJST be present: sizelLength, indexLength, and

i ndexDel taLength. CELP frames al ways have a fixed duration per
Access Unit; when interleaving in this node, this specific duration
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MUST be signaled by the MME format paraneter constantDuration. In
addi ti on, the parameter maxDi spl acenent MJST be present when
i nterl eaving.

For exanpl e:

mraudi o 49230 RTP/ AVP 96

a=rt pmap: 96 npeg4- generic/ 16000/ 1

a=fmt p: 96 streantype=5; profile-Ilevel-id=14; node=CELP-vbr; config=
440F20; sizelLengt h=6; indexLength=2; indexDeltalength=2;

const ant Dur ati on=160; maxDi spl acenent =5

Note: The a=fntp line has been wapped to fit the page; it conprises
a single line in the SDP file.

The hexadeci mal val ue of the "config" paranmeter is the

Audi oSpeci ficConfig() as defined in I SO 1 EC 14496- 3.

Audi oSpeci ficConfig() specifies a nono CELP streamwith a sanpling
rate of 16 kHz, at a bitrate that varies between 13.9 and 16.2 kb/s
and with 4 sub-frames per CELP frame. For the description of MM
paranmeters, see section 4.1.

3.3.5. LowBit-rate AAC

This node is signaled by node=AAC-1 br. This nbde supports the
transportation of one or nore conplete AAC franes of variable size.
In this node, the AAC frames are allowed to be interleaved and hence
recei vers MUST support de-interleaving. The maxi num size of an AAC
frane in this node is 63 octets. AAC frames MJST NOT be fragnented
when using this nbde. Hence, when using this node, encoders MJST
ensure that the size of each AAC frame is at nost 63 octets.

The payl oad configuration in this node is the sane as in the variable
bit-rate CELP node as defined in 3.3.4. The RTP payl oad consists of
the AU Header Section, followed by concatenated AAC franes. The
Auxiliary Section MJST be enpty. For each AAC frane contained in the
payl oad, the one octet AU header MJUST provi de:

a) the size of each AAC frane in the payl oad and

b) index information for computing the sequence (and hence tim ng) of
each AAC frane.

In the AU-header Section, the concatenated AU headers MJST be

preceded by the 16-bit AU headers-length field, as specified in
section 3.2. 1.
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In addition to the required MM format paraneters, the follow ng
paraneters MJST be present: sizelLength, indexLength, and

i ndexDel taLength. AAC franes al ways have a fixed duration per Access
Unit; when interleaving in this nmode, this specific duration MJST be
signaled by the MM format paraneter constantDuration. |In addition
the paraneter maxDi spl acenent MJST be present when interl eaving.

For exanpl e:

mraudi 0 49230 RTP/ AVP 96

a=rt pmap: 96 npeg4- generic/ 22050/ 1

a=fnmt p: 96 streantype=5; profile-level-id=14; node=AAC-| br; config=
1388; sizelLength=6; indexLength=2; indexDeltalength=2;

const ant Dur ati on=1024; naxDi spl acenment =5

Note: The a=fntp line has been wapped to fit the page; it conprises
a single line in the SDP file.

The hexadeci mal value of the "config" paranmeter is the

Audi oSpeci ficConfig(), as defined in I1SQO|EC 14496- 3.

Audi oSpeci ficConfig() specifies a nono AAC streamw th a sanpling
rate of 22.05 kHz. For the description of MME paraneters, see
section 4.1.

3.3.6. Hgh Bit-rate AAC

This node is signal ed by node=AAC-hbr. This nbde supports the

transportation of variable size AAC frames. In one RTP packet,
either one or nore conplete AAC franes are carried, or a single
fragnment of an AAC frame is carried. |In this node, the AAC franes

are allowed to be interleaved and hence receivers MJST support de-
interl eaving. The maxi num size of an AAC frame in this node is 8191
octets.

In this node, the RTP payl oad consists of the AU Header Section

foll owed by either one AAC frame, several concatenated AAC frames or
one fragnmented AAC frane. The Auxiliary Section MJST be enpty. For
each AAC frane contained in the payload, there MJST be an AU header
in the AU Header Section to provide:

a) the size of each AAC franme in the payl oad and

b) index information for conputing the sequence (and hence tinming) of
each AAC frane.

To code the maxi mum size of an AAC franme requires 13 bits.

Therefore, in this configuration 13 bits are allocated to the AU
size, and 3 bits to the AU-Index(-delta) field. Thus, each AU header
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has a size of 2 octets. Each AU-Index field MJUST be coded with the
value 0. In the AU Header Section, the concatenated AU headers MJST
be preceded by the 16-bit AU headers-length field, as specified in
section 3.2.1.

In addition to the required M M= format paraneters, the follow ng

par anmeters MJST be present: sizelLength, indexLength, and

i ndexDel taLength. AAC franes al ways have a fixed duration per Access
Unit; when interleaving in this node, this specific duration MJST be
signaled by the MM format paraneter constantDuration. |In addition
the paraneter maxDi spl acenment MJST be present when interl eaving.

For exanpl e:

mraudi o 49230 RTP/ AVP 96

a=rt pmap: 96 npeg4- generi c/ 48000/ 6

a=fnmt p: 96 streantype=5; profile-level-id=16; node=AAC- hbr;
confi g=11B0; sizelLength=13; indexLength=3;

i ndexDel t aLengt h=3; constant Durati on=1024

Note: The a=fntp line has been wapped to fit the page; it conprises
a single line in the SDP file.

The hexadeci mal value of the "config" paranmeter is the

Audi oSpeci ficConfig(), as defined in I1SOI|EC 14496- 3.

Audi oSpeci ficConfig() specifies a 5.1 channel AAC streamwith a
sampling rate of 48 kHz. For the description of MM paraneters, see
section 4. 1.

3.3.7. Additional Mdes

This specification only defines the nodes specified in sections 3.3.2
through 3.3.6. Additional nodes are expected to be defined in future
RFCs. Each additional node MUST be in full conpliance with this
speci fication.

Any new npde MUST be defined such that an inplenentation including
all the features of this specification can decode the payl oad format
corresponding to this new node. For this reason, a node MJST NOT
specify new default values for MME paraneters. |In particular, MM
paraneters that configure the RTP payl oad MJST be present (unless
they have the default value), even if its presence is redundant in
case the node assigns a fixed value to a paraneter. A node may
additionally define that some MM paraneters are required instead of
optional, that sone M ME paraneters have fixed values (or ranges),
and that there are rules restricting its usage.
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4.

4.

| ANA Consi der ati ons

This section describes the MM types and nanmes associated with this
payl oad format. Section 4.1 registers the MM types, as per RFC
2048 [ 3].

This format may require additional information about the mapping to
be made available to the receiver. This is done using paraneters
described in the next section

1. MM Type Registration
M ME nedia type nane: "video" or "audi 0" or "application"

"vi deo" MJST be used for MPEG 4 Visual streans (|ISQ |EC 14496-2) or
MPEG 4 Systens streans (1SQO | EC 14496-1) that convey information
needed for an audi o/visual presentation

"audi 0" MJST be used for MPEG 4 Audio streans (1SQO | EC 14496-3) or
MPEG- 4 Systens streans that convey information needed for an audio
only presentation.

"application” MJIST be used for MPEG 4 Systens streans (1SQ |EC
14496-1) that serve purposes other than audi o/visual presentation
e.g., in some cases when MPEG J (Java) streans are transmtted

Dependi ng on the required payl oad configuration, M ME fornat
paranmeters may need to be available to the receiver. This is done
using the paraneters described in the next section. There are
requi red and optional paraneters.

Optional paranmeters are of two types: general paraneters and
configuration paraneters. The configuration paranmeters are used to
configure the fields in the AU Header section and in the auxiliary
section. The absence of any configuration paranmeter is equivalent to
the associated field set to its default value, which is always zero.
The absence of all configuration paraneters results in a default
"basic" configuration with an enpty AU header section and an enpty
auxiliary section in each RTP packet.

M ME subtype nane: npeg4-generic
Requi red paraneters:
M ME format paranmeters are not case dependent; for clarity however,

bot h upper and | ower case are used in the nanes of the paraneters
described in this specification
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st reanilype:

The integer value that indicates the type of MPEG 4 streamthat is
carried; its coding corresponds to the values of the streaniype,
as defined in Table 9 (streanifype Values) in |SQ | EC 14496- 1.

profile-level-id:

A deci mal representation of the MPEG 4 Profile Level indication.
Thi s paraneter MJST be used in the capability exchange or session
set-up procedure to indicate the MPEG 4 Profile and Level

conbi nati on of which the rel evant MPEG 4 nedia codec is capable.

For MPEG 4 Audi o streans, this paraneter is the decinal value from
Table 5 (audi oProfil eLevel I ndication Values) in |ISOIEC 14496-
1, indicating which MPEG 4 Audi o tool subsets are required to
decode the audio stream

For MPEG 4 Visual streans, this paraneter is the decimal val ue
fromTable G1 (FLC table for profile and | evel indication) of
| SO' | EC 14496-2 [1], indicating which MPEG 4 Visual tool
subsets are required to decode the visual stream

For BIFS streams, this parameter is the decinal val ue obtai ned
from (SPLI + 256*GPLI), where:
SPLI is the decimal value fromTable 4 in I SO | EC 14496-1 with
the applied sceneProfil eLevel I ndication;
GPLI is the decimal value fromTable 7 in I SO IEC 14496-1 with
the applied graphicsProfilelLevel I ndication.

For MPEG J streams, this parameter is the deciml value fromtable
13 (MPEGIProfil eLevel Indication) in I SO |EC 14496-1, indicating
the profile and | evel of the MPEG J stream

For OD streams, this paranmeter is the decinmal value fromtable 3
(ODProfileLevel Indication) in ISO1EC 14496-1, indicating the
profile and |l evel of the OD stream

For | PMP streans, this paraneter has either the decinal val ue O,
i ndi cating an unspecified profile and level, or a value |arger
than zero, indicating an MPEG 4 |PMP profile and |evel as
defined in a future MPEG 4 specification.

For Clock Reference streams and bject Content Info streans, this

par amet er has the decinmal value zero, indicating that profile
and level information is conveyed through the OD framework.
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config:

A hexadeci mal representation of an octet string that expresses the
medi a payl oad configuration. Configuration data is napped onto
the hexadeci mal octet string in an MSB-first basis. The first bit
of the configuration data SHALL be | ocated at the MSB of the first
octet. In the last octet, if necessary to achieve octet-
alignment, up to 7 zero-val ued padding bits shall followthe
configuration data.

For MPEG 4 Audio streans, config is the audio object type specific
decoder configuration data Audi oSpecificConfig(), as defined in
| SO' | EC 14496-3. For Structured Audio, the
Audi oSpeci ficConfig() may be conveyed by ot her neans, not
defined by this specification. |If the AudioSpecificConfig() is
conveyed by other means for Structured Audio, then the config
MUST be a quoted enpty hexadeci mal octet string, as foll ows:

config="".

Note that a future node of using this RTP payl oad format for
Structured Audi o may define such other neans.

For MPEG 4 Visual streans, config is the MPEG 4 Vi sua
configuration information as defined in subclause 6.2.1, Start
codes of SO I EC 14496-2. The configuration information
i ndi cated by this parameter SHALL be the sane as the
configuration information in the correspondi ng MPEG 4 Vi sua
stream except for first-half-vbv-occupancy and latter-half-
vbv-occupancy, if it exists, which may vary in the repeated
configuration information inside an MPEG 4 Vi sual stream (See
6.2.1 Start codes of |1SQO | EC 14496-2).

For BIFS streans, this is the BIFSConfig() information as defined
in SO IEC 14496-1. Version 1 of BIFSConfig is defined in
section 9.3.5.2, and version 2 is defined in section 9.3.5.3.
The M ME format parameter objectType signals the version of
Bl FSConfi g.

For IPMP streans, this is either a quoted enpty hexadeci mal oct et
string, indicating the absence of any decoder configuration

i nformation (config=""), or the |IPMPConfiguration() as will be
defined in a future MPEG 4 | PMP specification

For (bject Content Info (OCl) streans, this is the

OCl Decoder Configuration() informati on of the OCl stream as
defined in section 8.4.2.4 in | SO | EC 14496- 1.
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For OD streans, C ock Reference streanms and MPEG J streans, this
is a quoted enpty hexadeci nal octet string (config=""), as no
i nformati on on the decoder configuration is required.

node:
The node in which this specification is used. The foll ow ng nodes
can be signal ed:

node=generi c,
node=CELP- cbr,
node=CELP- vbr,
nmode=AAC-| br and
node=AAC- hbr .

O her nodes are expected to be defined in future RFCs. See al so
section 3.3.7 and 4.2 of RFC 3640.

Optional general paraneters:

obj ect Type:

The decimal value from Table 8 in I1SO | EC 14496-1, indicating the
val ue of the objectTypelndication of the transported stream For
BI FS streans, this paraneter MJST be present to signal the version
of BI FSConfiguration(). Note that objectTypelndication may signa
a non- MPEG 4 stream and that the RTP payload format defined in
this docunment may not be suitable for carrying a streamthat is
not defined by MPEG 4. The object Type paranmeter SHOULD NOT be set
to a value that signals a streamthat cannot be carried by this
payl oad format.

constant Si ze:

The constant size in octets of each Access Unit for this stream
The constant Si ze and the sizelLength paraneters MJST NOT be

si mul t aneously present.

const ant Dur ati on:
The constant duration of each Access Unit for this stream
nmeasured with the sane units as the RTP tinme stanp.

maxDi spl acement :

The deci mal representation of the maxi mum di spl acement in tinme of
an interleaved AU, as defined in section 3.2.3.3, expressed in
units of the RTP tinme stanp cl ock

Thi s paraneter MJST be present when interleaving is applied.
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de-interl eaveBufferSize:

The deci mal representation in nunber of octets of the size of the
de-interl eave buffer, described in section 3.2.3.3. Wen
interleaving, this paraneter MJST be present if the cal cul ation of
the de-interleave buffer size given in 3.2.3.3 and based on
maxDi spl acenent and rate(max) under-estinmates the size of the
de-interleave buffer. |If this calculation does not under-estinmate
the size of the de-interleave buffer, then the

de-interl eaveBufferSi ze parameter SHOULD NOT be present.

Optional configuration paraneters:

si zelLengt h:

The nunber of bits on which the AU-size field is encoded in the
AU- header. The sizelLength and the constant Si ze paraneters MJST
NOT be simul taneously present.

i ndexLengt h:

The nunber of bits on which the AU-Index is encoded in the first
AU- header. The default value of zero indicates the absence of the
AU- I ndex field in each first AU header

i ndexDel t aLengt h:

The nunber of bits on which the AU-Index-delta field is encoded in
any non-first AU header. The default value of zero indicates the
absence of the AU-Index-delta field in each non-first AU header

CTSDel t aLengt h:
The nunber of bits on which the CTS-delta field is encoded in the
AU- header .

DTSDel t aLengt h:
The nunber of bits on which the DTS-delta field is encoded in the
AU- header .

randomAccessl ndi cati on:

A deci mal val ue of zero or one, indicating whether the RAP-flag is
present in the AU header. The decinmal value of one indicates
presence of the RAP-flag, the default value zero indicates its
absence.

streantt at el ndi cati on

The nunber of bits on which the Streamstate field is encoded in
the AU header. This paraneter MAY be present when transporting

MPEG- 4 system streans, and SHALL NOT be present for MPEG 4 audio
and MPEG 4 vi deo streans.
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auxi | i aryDat aSi zeLengt h:
The nunber of bits that is used to encode the auxiliary-data-size
field.

Applications MAY use nore parameters, in addition to those defined
above. Each additional paraneter MJST be registered with ANA to
ensure that there is not a clash of nanes. Each additional paraneter
MUST be acconpani ed by a specification in the formof an RFC, MPEG
standard, or other pernmanent and readily avail able reference (the
"Specification Required" policy defined in RFC 2434 [6]). Receivers
MJST tol erate the presence of such additional parameters, but these
paranmeters SHALL NOT inpact the decodi ng of receivers that conply
with this specification.

Encodi ng consi derati ons:

This M ME subtype is defined for RTP transport only. System

bi t streans MJST be generated according to MPEG 4 Systens
specifications (1SOIEC 14496-1). Video bitstreans MJST be generated
according to MPEG 4 Visual specifications (I1SOIEC 14496-2). Audio
bitstreans MJST be generated according to MPEG 4 Audi o specifications
(I'SO 1 EC 14496-3). The RTP packets MJST be packetized according to
the RTP payl oad format defined in RFC 3640.

Security considerations:
As defined in section 5 of RFC 3640.

I nteroperability considerations:

MPEG 4 provides a large and rich set of tools for the coding of

vi sual objects. For effective inplenentation of the standard,
subsets of the MPEG 4 tool sets have been provided for use in
specific applications. These subsets, called 'Profiles’, limt the
size of the tool set a decoder is required to inplenment. In order to
restrict computational conplexity, one or nmore 'Levels’ are set for
each Profile. A Profile@evel conbination allows:

a codec builder to inplement only the subset of the standard
he needs, while maintaining interworking with other MPEG 4
devi ces that inplenment the sanme conbi nation, and

checki ng whet her MPEG 4 devices comply with the standard
(’ conformance testing ).

A stream SHALL be conpliant with the MPEG 4 Profil e@evel specified

by the paranmeter "profile-level-id". Interoperability between a
sender and a receiver is achieved by specifying the paraneter
"profile-level-id" in MM content. |In the capability

exchange/ announcenent procedure, this parameter may mutual ly be set
to the same val ue

van der Meer, et al. St andards Track [ Page 32]



RFC 3640 Transport of MPEG 4 El ementary Streans Noverber 2003

Publ i shed specification:

The specifications for MPEG 4 streams are presented in | SO |EC
14496-1, 14496-2, and 14496-3. The RTP payload format is described
in RFC 3640.

Applications which use this nmedia type
Mul ti nedia stream ng and conferencing tools.

Addi tional information: none
Magi ¢ nunber (s): none

File extension(s):

None. A file format with the extension .np4 has been defined for
MPEG 4 content but is not directly correlated with this MM type for
whi ch the sole purpose is RTP transport.

Maci ntosh File Type Code(s): none

Person & email address to contact for further information:
Aut hors of RFC 3640, |ETF Audio/Video Transport working group.

I nt ended usage: COVMON

Aut hor/ Change control | er
Aut hors of RFC 3640, |ETF Audi o/ Video Transport working group

4.2. Registration of Mbde Definitions with | ANA

Thi s specification can be used in a nunber of nodes. The node of
operation is signaled using the "nbde" M ME paraneter, with the
initial set of values specified in section 4.1. New nodes nay be
defined at any tinme, as described in section 3.3.7. These nodes MJST
be registered with 1ANA, to ensure that there is not a clash of

nanes.

A new node registrati on MUST be acconpani ed by a specification in the
formof an RFC, MPEG standard, or other permanent and readily

avail abl e reference (the "Specification Required" policy defined in
RFC 2434 [6]).

4.3. Concatenation of Paraneters
Mul tiple paraneters SHOULD be expressed as a M ME nedia type string,

in the formof a semicolon-separated |ist of paraneter=value pairs
(for paraneter usage exanples see sections 3.3.2 up to 3.3.6).
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4. 4. Usage of SDP
4.4.1. The a=fntp Keyword

It is assumed that one typical way to transport the above-described
paranmeters associated with this payload format is via an SDP nessage
[5] for exanple transported to the client in reply to an RTSP
DESCRIBE [8] or via SAP [11]. |In that case, the (a=fntp) keyword
MUST be used as described in RFC 2327 [5], section 6, the syntax then
bei ng:

a=f nt p: <f or mat > <par anet er nane>=<val ue>[; <paraneter nane>=<val ue>]
5. Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [2]. This inplies that confidentiality of the nedia
streans is achieved by encryption. Because the data conpression used
with this payload format is applied end-to-end, encryption may be
performed on the conpressed data so there is no conflict between the
two operations. The packet processing conplexity of this payl oad
type (i.e., excluding media data processing) does not exhibit any
significant non-uniformty in the receiver side to cause a denial -

of -service threat.

However, it is possible to inject non-conpliant MPEG streans (Audio,
Vi deo, and Systens) so that the receiver/decoder’s buffers are
over | oaded, which m ght conmprom se the functionality of the receiver
or even crash it. This is especially true for end-to-end systens

i ke MPEG where the buffer nodels are precisely defined.

MPEG 4 Systenms support streamtypes including commands that are

executed on the termnal, |ike OD commands, BIFS commands, etc. and
programmatic content |ike MPEGJ (Java(TM Byte Code) and MPEG 4
scripts. It is possible to use one or nore of the above in a manner

non-conpliant to MPEG to crash the receiver or nake it tenporarily
unavail able. Senders that transport MPEG 4 content SHOULD ensure

that such content is MPEG conpliant, as defined in the conpliance

part of IEC/ISO 14496 [1]. Receivers that support MPEG 4 content

shoul d prevent mal functioning of the receiver in case of non MPEG
conpliant content.

Aut henti cati on nechani sns can be used to validate the sender and the

data to prevent security problens due to non-conpliant malignant
MPEG 4 streans.
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In ISOIEC 14496-1, a security nodel is defined for MPEG 4 Systens
streanms carrying MPEG J access units that conprise Java(TM cl asses
and objects. MEGJ defines a set of Java APIs and a secure

execution nodel. MPEG J content can call this set of APIs and
Java(TM nethods froma set of Java packages supported in the
receiver within the defined security nodel. According to this

security nodel, downl oaded byte code is forbidden to load libraries,
define native nethods, start prograns, read or wite files, or read
system properties. Receivers can inplenent intelligent filters to
validate the buffer requirements or paranmetric (OD, BIFS, etc.) or
programmtic (MPEG J, MPEG 4 scripts) commands in the streans.
However, this can increase the conplexity significantly.

| mpl ementors of MPEG 4 stream ng over RTP who al so i nplement MPEG 4
scripts (subset of ECMAScript) MJST ensure that the action of such
scripts is limted solely to the domain of the single presentation in
whi ch they reside (thus disallow ng session to session comunication
access to local resources and storage, etc). Though |oading static
net wor k- | ocat ed resources (such as nedia) into the presentation
shoul d be permitted, network access by scripts MJST be restricted to
such a (rmedia) downl oad.
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APPENDI X: Usage of this Payl oad Format

Appendi x A.  Interleave Analysis

A. Exanples of Delay Analysis with Interleave

A. 1. Introduction
Interleaving i ssues are discussed in this appendi x. Sone genera
notes are provided on de-interleaving and error conceal nent, while a

nunber of interleaving patterns are exam ned, in particular for
determ ning the size of the de-interleave buffer and the nmaxi mum

di spl acenent of access units in tinme. |n these exanples, the naximm
di spl acement is cited in terms of an access unit count, for ease of
reading. In actual streams, it is signaled in units of the RTP tine
stanp cl ock.

A.2. De-interleaving and Error Conceal nent

Thi s appendi x does not describe any details on de-interleaving and
error conceal ment, as the control of the AU decoding and error

conceal nent process has little to do with interleaving. |If the next
AU to be decoded is present and there is sufficient storage avail able
for the decoded AU, then decode it imediately. |If not, wait. Wen

the decoding deadline is reached (i.e., the tinme when decodi ng nust
begin in order to be conpleted by the tinme the AUis to be
presented), or if the decoder is some hardware that presents a
constant delay between initiation of decoding of an AU and
presentation of that AU, then decodi ng nust begin at that deadline
time.

If the next AU to be decoded is not present when the decoding
deadline is reached, then that AUis |lost so the receiver nust take
what ever error conceal ment measures are deemed appropriate. The

pl ay-out delay may need to be adjusted at that point (especially if
ot her AUs have al so mi ssed their deadline recently). O, if it was a
nonentary delay, and maintaining the latency is inportant, then the
receiver should mnimze the glitch and continue processing with the
next AU.

A.3. Sinple Goup Interleave

A.3.1. Introduction
An exampl e of regular interleave is when packets are formed into
groups. |If the "stride’ of the interleave (the distance between

interleaved AUs) is N, packet 0 could contain AU0), AUN, AU 2N),
and so on; packet 1 could contain AU(1), AU(1+N), AU(1+2N), and so
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on. |If there are Maccess units in a packet, then there are MN
access units in the group.

An exanple with N=M=3 follows; note that this is the sane example as
given in section 2.5 and that a fixed time duration per Access Unit

i s assuned:

Packet Ti me stanp Carried AUs AU- | ndex, AU I ndex-delta
P(0) T[ 0] 0, 3, 6 0, 2, 2

P(1) T[ 1] 1, 4, 7 0, 2, 2

P(2) T[ 2] 2, 5 8 0, 2, 2

P(3) T[ 9] 9,12,15 0, 2, 2

In this exanple, the AU-Index is present in the first AU header and
coded with the value 0, as required for fixed duration AUs. The
position of the first AU of each packet within the group is defined
by the RTP tinme stanmp, while the AU-Index-delta field indicates the
position of subsequent AUs relative to the first AU in the packet.
Al AU Index-delta fields are coded with the value N-1, equal to 2 in
this exanple. Hence the RTP tinme stanp and the AU I ndex-delta are
used to reconstruct the original order. See also section 3.2.3.2.

A.3.2. Determining the De-interleave Buffer Size

For the regular pattern as in this exanple, Figure 6 in section
3.2.3.3 shows that the de-interleave buffer stores at nbst 4 AUs. A
de-interl eaveBufferSize value that is at | east equal to the total
nunber of octets of any 4 "early" AUs that are stored at the sane
time may be signal ed.

A.3.3. Determning the Maxi mum D spl acenent

For the regular pattern as in this exanple, Figure 7 in section 3.3
shows that the maxi num di spl acenent in time equals 5 AU peri ods.
Hence, the m ni num maxDi spl acenment val ue that nust be signaled is 5
AU periods. In case each AU has the sane size, this nmaxDi spl acenent
val ue over-estimates the de-interleave buffer size with one AU
However, note that in case of variable AU sizes, the total size of
any 4 "early" AUs that nust be stored at the same tine may exceed
maxDi spl acement tines the maxi mumbitrate, in which case the de-

i nterl eaveBufferSi ze nust be signal ed.
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A 4. Mre Subtle Goup Interleave
A 4.1. Introduction

Anot her exanpl e of form ng packets with group interleave is given
below. 1In this exanple, the packets are forned such that the | oss of
two subsequent RTP packets does not cause the |oss of two subsequent
AUs. Note that in this exanple, the RTP tinme stanps of packet 3 and
packet 4 are earlier than the RTP tine stanps of packets 1 and 2,
respectively; a fixed time duration per Access Unit is assumed.

Packet Time stanp Carried AUs AU- | ndex, AU I ndex-delta
0 T[ O]
1 T[ 2]

2 T[ 4]
3 T[ 1]
4 T[ 3]
5
a

OWrANO
U1 O © ~ Ul
o000 0Oo
ENIFNI N NI NS

T[ 10] 1
nd so on ..

=

In this exanple, the AU-Index is present in the first AU header and
coded with the value 0, as required for AUs with a fixed duration.
To reconstruct the original order, the RTP tine stanp and the AU

I ndex-delta (coded with the value 4) are used. See also section
3.2.3.2.

A 4.2. Determining the De-interleave Buffer Size

From Figure 8, it can be to determined that at nost 5 "early" AUs are
to be stored. |If the AUs are of constant size, then this val ue
equals 5 tinmes the AU size. The mninmumsize of the de-interleave
buffer equals the maxi numtotal nunmber of octets of the "early" AUs
that are to be stored at the sane tine. This gives the mininum val ue
of the de-interleaveBufferSize that nmay be signal ed.

T T S T

Interl eaved AUs | O 5] 2| 7] 4] 9| 1| 6] 3| 8|
R e s T pu i R S
- - 5 - 5 - 2 7 4 9
7 4 9 5
"Early" AUs 5 6
7 7
9 9

Figure 8: Storage of "early" AUs in the de-interleave buffer per
i nterl eaved AU.
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A . 4.3. Determning the Maxi mum Di spl acenent

From Figure 9, it can be seen that the maxi mum di splacenent in time
equal s 8 AU periods. Hence the m ni mum maxDi spl acenent val ue to be
signaled is 8 AU peri ods.

T o e S T
Interl eaved AUs | O 5] 2] 7] 4 9| 1| 6] 3| 8
T T S R L o

Earliest not yet present AU -1 11 11 - 3 - -

Figure 9: For each AU in the interleaving pattern, the earliest of
any earlier AUs not yet present

In case each AU has the sane size, the found maxDi spl acement val ue
over-estimtes the de-interleave buffer size with three AUs.

However, in case of variable AU sizes, the total size of any 5
"early" AUs stored at the sane tine nay exceed maxDi spl acenent tines
the maximum bitrate, in which case de-interl eaveBufferSize nust be
si gnal ed.

A.5. Continuous Interleave
A.5.1. Introduction

In continuous interleave, once the schene is 'primed , the nunber of
AUs in a packet exceeds the 'stride (the distance between them.
This shortens the buffering needed, snoothes the data-flow, and gives
slightly larger packets -- and thus | ower overhead -- for the sane
interl eave. For exanple, here is a continuous interleave al so over a
stride of 3 AUs, but with 4 AUs per packet, for a run of 20 AUs.

This shows both how the scheme 'starts up’ and how it finishes. Once
agai n, the exanple assunes fixed tinme duration per Access Unit.

Packet Ti me- st anp Carried AUs AU- | ndex, AU I ndex-delta
0 T[ O] 0 0

1 T[ 1] 1 4 0 2

2 T[ 2] 2 5 8 0 2 2

3 T[ 3] 3 6 9 12 0 2 2 2

4 T[ 7] 7 10 13 16 0 2 2 2

5 T[ 11] 11 14 17 20 0 2 2 2

6 T[ 15] 15 18 0 2

7 T[ 19] 19 0

In this exanple, the AU-Index is present in the first AU header and
coded with the value 0, as required for AUs with a fixed duration
To reconstruct the original order, the RTP tinme stanp and the
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AU- I ndex-delta (coded with the value 2) are used. See also 3.2.3.2.
Note that this exanple has RTP time-stanps in increasing order.

A.5.2. Determining the De-interleave Buffer Size

For this exanple the de-interleave buffer size can be derived from
Figure 10. The maxi mum nunber of "early" AUs is 3. |If the AUs are
of constant size, then the de-interleave buffer size equals 3 tines
the AU size. Conpared to the exanple in A 2, for constant size AUs
the de-interleave buffer size is reduced from4 to 3 tines the AU
size, while maintaining the sanme ’'stride’.

e

Interl eaved AUs | O] 1] 4] 2| 5] 8| 3| 6] 9]12| 7| 10| 13| 16|
R e T I e S e e i T e e
- - - 4 - - 4 8 - - 812 - -
5 9
"Early" AUs 8 12

Figure 10: Storage of "early" AUs in the de-interleave buffer per
i nterl eaved AU.

A.5.3. Determning the Maxi mum D spl acenent

For this exanple, the maxi num di spl acenent has a value of 5 AU
periods. See Figure 11. Conpared to the exanple in A 2, the maxi num
di spl acement does not decrease, though in fact |ess de-interleave
buffering is required.

T S i S e Rp SRpu S
Interl eaved AUs | O] 1] 4] 2| 5] 8| 3| 6] 9]12| 7| 10| 13| 16|
e e S L ok T SIS SRS R R e

Earliest not yet
present AU - -2 - 3 3 - - 7 7 - -11 11

Figure 11: For each AU in the interleaving pattern, the earliest of
any earlier AUs not yet present
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