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Status of this Meno

Thi s docunent specifies an Internet standards track protocol for the
Internet community, and requests discussion and suggestions for

i nprovenents. Please refer to the current edition of the "Internet
O ficial Protocol Standards" (STD 1) for the standardi zati on state
and status of this protocol. Distribution of this neno is unlimted.

Abst ract

This meno describes a packetization schene for MPEG video and audio
streans. The schene proposed can be used to transport such a video
or audio flow over the transport protocols supported by RTP. Two
approaches are described. The first is designed to support naximm
interoperability with MPEG System environnments. The second is
designed to provide maxi mum conpatibility with other RTP-encapsul ated
medi a streans and future conference control work of the IETF.

1. Introduction

| SO I EC JTC1/ SC29 W511 (also referred to as the MPEG conmittee) has
defined the MPEGL standard (1SQO' I EC 11172)[1] and the MPE& standard
(I1'SO1EC 13818)[2]. This nmeno describes a packetization schene to
transport MPEG video and audi o streans using the Real -tinme Transport
Protocol (RTP), version 2 [3, 4].

The MPEGL specification is defined in three parts: System Video and
Audio. It is designed primarily for CD-ROW based applications, and
is optimzed for approximately 1.5 Mits/sec conbined data rates. The
vi deo and audi o portions of the specification describe the basic
format of the video or audio stream These formats define the

El emrentary Streans (ES). The MPEGL System specification defines an
encapsul ati on of the ES that contains Presentation Tine Stanps (PTS),
Decodi ng Time Stanps and System Cl ock references, and perforns

mul ti pl exi ng of MPEGL conpressed video and audio ES' s with user data.
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The MPE®R specification is structured in a simlar way. However, it
hasn’t been restricted only to CD-ROM applications. The MPE&R System
specification defines two system streamformats: the MPE& Transport
Stream (MIS) and the MPEQR Program Stream (MPS). The MIS is tailored
for conmunicating or storing one or nore prograns of MPE& conpressed
data and also other data in relatively error-prone environnents. The
MPS is tailored for relatively error-free environnents.

W seek to achieve interoperability anong 4 types of end-systens in
the follow ng specification. The 4 types are:

1. Transmitting Interworking Unit (TIU)

Recei ves MPEG i nformation froma native MIS system for

di stribution over packet networks using a native RTP-based
system | ayer (such as an |P-based internetwork). Exanples:
real -tine encoder, MIS satellite link to Internet, video
server with MIS-encoded source nateri al

2. Receiving Interworking Unit (RIU)

Recei ves MPEG information in real time froman RTP-based
network for forwarding to a native MIS environnent.
Exanpl es: Internet-based video server to MIS-based cable
di stribution plant.

3. Transmitting Internet End-System (TAES)

Transmits MPEG i nformation generated or stored within the
internet end-systemitself, or received frominternet-based
comput er networks. Exanple: video server

4. Receiving Internet End-System (RAES)

Recei ves MPEG i nformati on over an RTP-based internet for
consunption at the internet end-systemor forwarding to
tradi tional conputer network. Exanple: desktop PC or
wor kst ati on view ng training video.

Each of the 2 types of transmitters nust work with each of the 2
types of receivers. Because it is probable that the TAES, and
certain that the RAES, will be based on existing and pl anned

i nternet-connected conputers, it is highly desirable for the

i nteroperabl e protocol to be based on RTP

Because of the range of applications that night enploy MPEG streans,
we propose to define two payl oad formats.
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Much interest in the MPEG comunity is in the use of one of the MPEG
Syst em encodi ngs, and hence, in Section 2 we propose encapsul ations
of MPEGL System streans and MPE& Transport and Program Streans with
RTP. This profile supports the full semantics of MPEG System and

of fers basic interoperability anmong all four end-systemtypes.

When operating only anong internet-based end-systens (i.e., TAES and
RAES) a payl oad format that provides greater conpatibility with the
Internet architecture is desired, deferring some of the systemissues
to other protocols being defined in the Internet community (such as
the MMUSIC W5 . In Section 3 we propose an encapsul ati on of
conpressed video and audio data (referred to in MPEG docunentation as
"El enentary Streans" (ES)) conplying with either MPEGL or MPEQR.

Here, neither of the System standards of MPEGL or MPE®R are utilized.
The ES's are directly encapsulated with RTP

Thr oughout this specification, we make extensive use of MPEG
term nol ogy. The reader should consult the primry MPEG references
for definitive descriptions of this ternmn nology.

2. Encapsul ati on of MPEG System and Transport Streans

Each RTP packet will contain a tinmestanp derived fromthe sender’s
90KHz cl ock reference. This clock is synchronized to the system
stream Program Cl ock Reference (PCR) or System O ock Reference (SCR)
and represents the target transm ssion tine of the first byte of the
packet payload. The RTP tinmestanp will not be passed to the MPEG
decoder. This use of the tinmestanp is somewhat different than
normally is the case in RTP, in that it is not considered to be the
medi a display or presentation tinestanp. The primary purposes of the
RTP timestanp will be to estinmate and reduce any network-induced
jitter and to synchronize relative time drift between the transnmitter
and receiver.

For MPE&R2 Transport Streans the RTP payload will contain an integra
nunber of MPEG transport packets. To avoid end system
inefficiencies, data fromnultiple snall MIS packets (nornally fixed
in size at 188 bytes) are aggregated into a single RTP packet. The
nunber of transport packets contained is conmputed by dividing RTP
payl oad | ength by the length of an MIS packet (188).

For MPER Program streans and MPEGL system streans there are no

packetization restrictions; these streans are treated as a packeti zed
stream of bytes.
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2.1 RTP header usage
The RTP header fields are used as fol |l ows:

Payl oad Type: Distinct payl oad types should be assigned for
of MPEGL System Streans, MPE&R Program Streans and MPER
Transport Streans. See [4] for payload type assignnents.

Mbit: Set to 1 whenever the timestanp is discontinuous
(such as m ght happen when a sender sw tches fromone data
source to another). This allows the receiver and any
intervening RTP nmixers or translators that are synchroni zing
to the flowto ignore the difference between this tinestanp
and any previous tinestanp in their clock phase detectors.

timestanp: 32 bit 90K Hz tinestanp representing the target
transmission tinme for the first byte of the packet.

3. Encapsul ati on of MPEG El enentary Streans
The followi ng ES types nmay be encapsul ated directly in RTP:

(a) MPEGL Video (1SQ | EC 11172-2)
(b) MPEG Video (1SQ | EC 13818-2)
(c) MPEGL Audio (1SQ | EC 11172-3)
(d) MPEG Audio (1SQ | EC 13818-3)

A distinct RTP payload type is assigned to MPEGL/ MPER2 Vi deo and
MPEGL/ MPE&R2 Audi o, respectively. Further indication as to whether the
data is MPEGL or MPE&R need not be provided in the RTP or MPEG
specific headers of this encapsulation, as this information is
avai l abl e in the ES headers.

Presentation Tinme Stanps (PTS) of 32 bits with an accuracy of 90 kHz
shall be carried in the fixed RTP header. Al packets that nmake up a
audio or video franme shall have the sane tine stanp.

3.1 MPEG Vi deo el enentary streans

MPEGL Vi deo can be distingui shed from MPEQ Vi deo at the video
sequence header, i.e. for MPE&R Video a sequence_header() is followed
by sequence_extension(). The particular profile and |evel of MPER
Video (MAIN Profile@®AI N Level, H GH Profile@ GH Level, etc) are
determined by the profile_and | evel indicator field of the
sequence_ext ensi on header of MPEQX Vi deo.

The MPEG bit-stream semantics were designed for relatively error-free
environnents, and there is significant anount of dependency (both
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tenporal and spatial) within the stream such that |oss of sone data
make other uncorrupted data useless. The fornmat as defined in this
encapsul ation uses application layer franing information plus
additional information in the RTP stream specific header to allow for
certain recovery nechani sns. Appendix 1 suggests several recovery
strategi es based on the properties of this encapsul ation

Since MPEG pictures can be large, they will normally be fragnented
into packets of size less than a typical LANWAN MIU. The fol |l owi ng
fragmentation rul es apply:

1. The MPEG Vi deo_Sequence_Header, when present, wll always
be at the begi nning of an RTP payl oad.

2. An MPEG GOP_header, when present, will always be at the
begi nning of the RTP payload, or will follow a
Vi deo_Sequence_Header.

3. An MPEG Pi cture_Header, when present, will always be at the
begi nning of a RTP payload, or will foll ow a GOP_header

Each ES header nmust be conpletely contained within the packet.
Consequently, a mini num RTP payl oad size of 261 bytes nust be
supported to contain the largest single header defined in the ES
(that is, the extension_data() header containing the

quant _matri x_extension()). Oherwise, there are no restrictions on
wher e headers nay appear within packet payl oads.

In MPEG each picture is made up of one or nore "slices," and a slice
is intended to be the unit of recovery fromdata | oss or corruption
An MPEG conpliant decoder will normally advance to the begi nning of
next slice whenever an error is encountered in the stream MEG
slice begin and end bits are provided in the encapsul ati on header to
facilitate this.

The beginning of a slice must either be the first data in a packet
(after any MPEG ES headers) or nust follow after sone integral nunber
of slices in a packet. This requirenent insures that the beginning
of the next slice after one with a m ssing packet can be found
without requiring that the receiver scan the packet contents. Slices
may be fragnmented across packets as long as all the above rules are
met .

An i npl enentation based on this encapsul ati on assunes that the

Vi deo_Sequence_Header is repeated periodically in the MPEG bit-
stream In practice (though not required by MPEG standard) this is
used to allow channel switching and to receive and start decoding a
continuously relayed MPEG bit-streamat arbitrary points in the nedia
stream It is suggested that when playing back froman MPEG stream
froma file format (where the Video Sequence Header nmay only be

Hof f man, et. al. St andards Track [ Page 5]



RFC 2038 RTP Payl oad Format for MPEGL/ MPER Vi deo Cct ober 1996

represented at the beginning of the strean) that the first

Vi deo_Sequence_Header (preceded by an end-of-streamindicator) be
saved by the packetizer for periodic injection in to the network
stream

3.2 MPEG Audi o el enentary streans

MPEGL Audi o can be distingui shed from MPE&Q Audio fromthe MPEG
ancillary_data() header. For either MPEGL or MPEQR Audi o, distinct
Presentation Time Stanps may be present for franes which correspond
to either 384 sanples for Layer-1, or 1152 sanples for Layer-11 or
Layer-111. The actual nunber of bytes required to represent this
nunber of sanples will vary depending on the encoder paraneters.

Mul tiple audio franes may be encapsul ated within one RTP packet. In
this case, an integral number of audio franes nust be contai ned

wi thin the packet and the fragnmentati on header defined in Section 3.5
shal | be set to 0.

Also, if relatively short packets are to be used, one frane may be so
large that it may straddle multiple RTP packets. For exanple, for
Layer-11 MPEG audi o sanpled at a rate of 44.1 KHz each frame woul d
represent a tinme slot of 26.1 nsec. At this sanpling rate if the
conpressed bit-rate is 384 kbits/sec (i.e. 48 kBytes/sec) then the
average audio frane size would be 1.25 KBytes. |If packets were to be
500 Bytes long, then each audio frane woul d straddl e 3 RTP packets.
The audi o fragnentation indicator header (See Section 3.5) shall be
present for an MPEGL/2 Audi o payl oad type to provide for this
fragment ati on.

3.3 RTP Fi xed Header for MPEG ES encapsul ati on
The RTP header fields are used as foll ows:

Payl oad Type: Distinct payl oad types should be assigned
for video elenentary streans and audi o el enentary streans.
See [4] for payl oad type assignnents.

Mbit: For video, set to 1 on packet containing MPEG frane
end code, 0 otherwise. For audio, set to 1 on first packet
of a "talk-spurt,” O otherw se.

PT: MPEG video or audio stream|D

timestanp: 32-bit 90K Hz tinestanp representing presentation
time of MPEG picture or audio frame. Sane for all packets

that make up a picture or audio frame. May not be
nmonotonically increasing in video streamif B pictures
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present in stream For packets that contain only a video
sequence and/or GOP header, the tinmestanp is that of the
subsequent picture.

3.4 MPEG Vi deo-speci fic header

Thi s header shall be attached to each RTP packet after the RTP fixed

header .

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

| VBZ | TR | MBZ| S|B|[Ef] P | | BFC| | FFC
B Lt r s i i i o o T s ks S R S
FBV FFV

MBZ: Unused. Miust be set to zero in current
specification. This space is reserved for future use

TR Tenporal - Reference (10 bits). The tenporal reference of
the current picture within the current GOP. This val ue
ranges from 0-1023 and is constant for all RTP packets of a
gi ven pi cture.

MBZ: Unused. Must be set to zero in current
specification. This space is reserved for future use

S: Sequence- header-present (1 bit). Nornmally 0 and set to 1 at
the occurrence of each MPEG sequence header. Used to
det ect presence of sequence header in RTP packet.

B: Beginning-of-slice (BS) (1 bit). Set when the start of the
packet payload is a slice start code, or when a slice start
code is preceded only by one or nore of a
Vi deo_Sequence_Header, GOP_header and/or Picture_Header

E: End-of-slice (ES) (1 bit). Set when the last byte of the
payl oad is the end of an MPEG sli ce.

P: Picture-Type (3 bits). I (1), P (2), B (3) or D (4). This
val ue is constant for each RTP packet of a given picture.
Val ue 000B is forbidden and 101B - 111B are reserved to
support future extensions to the MPEG ES specification

FBV: full _pel _backward_vector
BFC. backward _f code
FFV: full _pel _forward_vector
FFC. forward f code

Hof f man, et. al. St andards Track [ Page 7]



RFC 2038 RTP Payl oad Format for MPEGL/ MPER Vi deo Cct ober 1996

bt ai ned fromthe nost recent picture header, and are
constant for each RTP packet of a given picture. None of
these values are used for | frames and nust be set to zero
in the RTP header. For P franes only the |ast two val ues
are present and FBV and BFC nust be set to zero in the RTP
header. For B franes all the four values are present.

3.5 MPEG Audi o-speci fic header

Thi s header shall be attached to each RTP packet at the start of the
payl oad and after any RTP headers for an MPEGL/ 2 Audi o payl oad type.

0 1 2 3
01234567890123456789012345678901
T i i S i i S S e b s
| vVBZ | Frag_of f set |
B T e o i S I i i S S N iy St S I S S

Frag offset: Byte offset into the audio frane for the data
in this packet.
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Appendi x 1. Error Recovery and Resynchroni zation Strategies.

The followi ng error recovery and resynchroni zati on strategies are
i ntended to be guidelines only. A conpliant receiver is free to
enpl oy alternative (or no) strategies.

When initially decodi ng an RTP-encapsul ated MPEG El enentary Stream
the receiver may discard all packets until the Sequence-header -
present bit is set to 1. At this point, sufficient state information
is contained in the streamto allow processing by an MPEG decoder.

Loss of packets containing the GOP_header and/or Picture_ Header are
detected by an unexpected change in the Tenporal - Ref erence and
Pi cture- Type val ues. Consider the follow ng exanpl e GOP sequence:

In display order: OB 1B 21 3B 4B 5P 6B 7B 8P GOP_HDR OB ...
In streamorder: 21 OB 1B 5P 3B 4B 8P 6B 7B GOP_HDR 2I

Consi der al so two counters:

ref _pic_tenp (Reference Picture (I,P) Tenporal Reference)
dep_pic_tenp (Dependent Picture (B) Tenporal Reference)

At each GOP beginning, set these counters to the tenporal reference
val ue of the corresponding picture type. For our exanple GOP
sequence, ref _pic_tenp = 2 and dep_pic_tenp = 0. Keep increnenting
BOTH counters by unity with each follow ng picture. Ref_pic_tenp
shoul d match the tenporal references of the | and P franes, and
dep_pic_tenmp should match the tenporal references of the B franes.

dep pic temp: - 0 1 2 3 4 5 6 7 8 9
In streamorder: 21 OB 1B 5P 3B 4B 8P 6B 7B GOP_H 21 0B 1B ...
ref pic_tenrp: 2 3 4 5 6 7 8 9 10 ~ 11
__________________________ | A
Mat ch Drop |
M smat ch

inref _pic_ tenp

The | oss of a GOP header can be detected by matching the appropriate
counter (based on picture type) to the tenporal reference value. A

m smat ch indicates a | ost GOP header. If desired, a GOP header can be
re-constructed using a "null" tinme_code, repeating the closed _gop
flag from previous GOP headers, and setting the broken link flag to
1.

The | oss of a Picture_Header can al so be detected by a misnmatch in

the Tenporal Reference contained in the RTP packet fromthe
appropriate dep_pic_tenp or ref _pic_tenp counters at the receiver.

Hof f man, et. al. St andards Track [ Page 9]



RFC 2038 RTP Payl oad Format for MPEGL/ MPER Vi deo Cct ober 1996

After scanning to the next Beginning-of-slice the Picture Header is
reconstructed fromthe P, TR, FBV, BFC, FFV and FFC contained in that
packet, and from stream dependent default val ues.

Any tinme an RTP packet is lost (as indicated by a gap in the RTP
sequence nunber), the receiver may discard all packets until the

Begi nning-of-slice bit is set. At this point, sufficient state
information is contained in the streamto allow processing by an MPEG
decoder starting at the next slice boundary (possibly after
reconstruction of the GOP_header and/or Picture_ Header as described
above) .
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