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RTP Payl oad Format for H. 263 Video Streans
Status of This Menp

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

i mprovenents. Please refer to the current edition of the "Internet
Oficial Protocol Standards" (STD 1) for the standardization state
and status of this protocol. Distribution of this nmeno is unlimted.

Abst ract

Thi s docunent specifies the payload format for encapsul ating an H. 263
bitstreamin the Real -Tinme Transport Protocol (RTP). Three npdes are
defined for the H 263 payl oad header. An RTP packet can use one of
the three nodes for H. 263 video streans depending on the desired

net wor k packet size and H. 263 encodi ng opti ons enpl oyed. The shortest
H. 263 payl oad header (node A) supports fragmentation at G oup of

Bl ock (GOB) boundaries. The long H 263 payl oad headers (nmode B and Q)
support fragnmentation at Macrobl ock (MB) boundari es.

1. Introduction

Thi s docunent describes a schene to packetize an H 263 video stream
for transport using RTP [1]. H. 263 video streamis defined by ITUT
Recomendati on H. 263 (referred to as H 263 in this docunent) [4] for
video coding at very low data rates. RTP is defined by the Internet
Engi neering Task Force (I ETF) to provide end-to-end network transport
functions suitable for applications transmitting real-time data over
mul ti cast or unicast network services.

2. Definitions
The followi ng definitions apply in this docunent:

CIF: Conmon Internediate Format. For H. 263, a CIF picture has 352 x
288 pixels for lum nance, and 176 x 144 pixels for chrom nance.

QCIF. Quarter CIF source format with 176 x 144 pixels for |um nance
and 88 x 72 pixels for chrom nance.

Sub-QCI F: picture source format with 128 x 96 pixels for |um nance
and 64 x 48 pixels for chrom nance.
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A4CI F: Picture source format with 704 x 576 pixels for |uninance and
352 x 288 pixels for chrom nance.

16CIF: Picture source format with 1408 x 1152 pixels for |um nance
and 704 x 576 pixels for chrom nance.

GOB: For H. 263, a Goup of Blocks (GOB) consists of k*16 lines,
where k depends on the picture format (k=1 for QCIF, CIF and sub-
QL F; k=2 for 4CF and k=4 for 16C F).

MB: A macrobl ock (MB) contains four blocks of |unminance and the
spatially correspondi ng two bl ocks of chrom nance. Each bl ock

consi sts of 8x8 pixels. For exanple, there are eleven MBs in a GOB in
QLI F format and twenty two MBs in a GOB in CIF format.

3. Design Issues for Packetizing H 263 Bitstreans

H 263 is based on the | TU-T Recomrendation H 261 [2] (referred to as
H 261 in this docunent). Compared to H 261, H. 263 enploys simlar
techni ques to reduce both tenporal and spatial redundancy, but there
are several major differences between the two algorithnms that affect
the design of packetization schenes significantly. This section
summari zes those differences.

3.1 Optional Features of H. 263

In addition to the basic source coding algorithnms, H 263 supports
four negotiable coding options to inprove performance: Advanced
Prediction, PB-franes, Syntax-based Arithnetic Coding, and
Unrestricted Motion Vectors. They can be used in any conbi nation

Advanced Prediction(AP): One or four notion vectors can be used for
some macrobl ocks in a frame. This feature makes recovery from packet
loss difficult, because nmore redundant information has to be
preserved at the beginning of a packet when fragnenting at a
macr obl ock boundary.

PB-frames: Two frames (a P frane and a B frame) are coded into one
bitstream wi th macrobl ocks fromthe two franes interl eaved. Froma
packetization point of view, a MB fromthe P frane and a MB fromthe
B frane nust be treated together because each MB for the B frane is
coded based on the corresponding MB for the P frame. A neans nust be
provided to ensure proper rendering of two franes in the right order
Al so, if part of this conbined bitstreamis lost, it will affect both
franmes, and possibly nore.
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Synt ax- based Arithnetic Coding (SAC): When the SAC option is used,
the resultant run-value pair after quantization of D screte Cosine
Transform (DCT) coefficients will be coded differently from Huf f man
codes, but the mmcrobl ock hierarchy will be preserved. Since context
vari abl es are only synchroni zed after fixed length codes in the
bitstream any fragnmentation starting at variable length codes wll
result in difficulty in decoding in the presence of packet |oss

wi t hout carrying the values of all the context variables in each

H. 263 payl oad header

The Unrestricted notion vectors feature allows |arge range of notion
vectors to inprove performance of notion conpensation for inter-coded
pictures. This option also affects packetization because it uses

| arger range of notion vectors than normnal

To enabl e proper decodi ng of packets received, w thout dependency on
previ ous packets, the use of these optional features is signaled in
the H 263 payl oad header, as described in Section 5.

3.2 GOB Numberi ng

In H 263, each picture is divided into groups of blocks (GOB). GOBs
are nunbered according to a vertical scan of a picture, starting with
the top GOB and ending with the bottom GOB. In contrast, a GOB in

H. 261 is conposed of three rows of 16x16 MB for QCIF, and three

hal f-rows of MBs for CIF. A GOB is divided into nacrobl ocks in H 263
and the definition of the macrobl ocks are the sane as in H 261.

Each GOB in H. 263 can have a fixed GOB header, but the use of the
header is optional. If the GOB header is present, it may or nmay not
start on a byte boundary. Byte alignment can be achi eved by proper
bit stuffing by the encoder, but it is not required by the H 263
bit stream specification [4].

In summary, a GOB in H 263 is defined and coded with finer
granularity but with the sane source format, resulting in nore
flexibility for packetization than with H 261.

3.3 Motion Vector Encoding

Differential coding is used to code notion vectors as variable length
codes. Unlike in H 261, where each nmotion vector is predicted from
the previous MB in the GOB, H. 263 enploys a nore flexible prediction
schene, where one or three candidate predictors could be used
dependi ng on the presence of GOB headers.
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If the GOB header is present in a GOB, notion vectors are coded with
reference to MBs in the current GOB only. If a GOB header is not
present in the current GOB, three nmption vectors nust be available to
decode one macrobl ock, where two of them m ght come fromthe previous
GOB. To correctly decode a whole inter-coded GOB, all the notion
vectors for MBs in the previous GOB nust be available to conpute the
predictors or the predictors thensel ves nmust be present. The optiona
use of three motion vector predictors can be a major problemfor a
packetization scheme like the one defined for H 261 when packeti zing
at MB boundaries [5].

Consi der the case that a packet starts with a MB but the GOB header
is not present. If the previous packet is lost, then all the notion
vectors needed to predict the nmotion vectors for the MBs in the
current GOB are not available. In order to decode the received MBs
correctly, all the notion vectors for the previous GOB or the notion
vector predictors would have to be duplicated at the begi nning of the
packet. This kind of duplication would be very expensive and
unacceptable in ternms of bandw dth overhead.

The encoding strategy of each H 263 CODEC (CODer and DECoder)

i npl ementation is beyond the scope of this docunent, even though it
has significant effect on visual quality in the presence of packet

| oss. However, we strongly recomrend use of the GOB header for every
GOB at the beginning of a packet to address this problem

Sim | ar problenms exist because of cross-GOB data dependency rel ated
to notion vectors, but they can not be addressed by using the GOB
header. For 16CIF and 4ClF pictures, a GOB contains nore than one row
of MBs. If a GOB can not fit in one RTP packet, and the first packet
contai ning the GOB header is lost, then MBs in the second packet can
not conpute notion vectors correctly, because they are coded relative
to data in the |l ost packet. Simlarly, when OBMC (Overl apped Bl ock
Mot i on Conpensation) [4] in Advanced Prediction node is used, notion
conpensation for sone MBs in one GOB coul d use notion vectors of Ms
in previous GOB regardl ess of the presence of GOB header. When MBs
that are used to decode received MBs are |ost, those received MBs can
not be decoded correctly. Each inplenentation of the method descri bed
in this docunent should take these limtations into account.
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3.4 Macrobl ock Address

As specified by H 261, a macrobl ock address (MBA) is encoded with a
variable Il ength code to indicate the position of a macroblock within
a group of MBs in H 261 bitstreans. H 263 does not code the MBA
explicitly, but the macrobl ock address within a GOB is necessary to
recover from packet |oss when fragmenting at MB boundari es.
Therefore, this information nmust be included in the H 263 payl oad
header for nodes (node B and node C as described in Section 5) that
al | ow packeti zation at MB boundari es.

4. Usage of RTP

When transmitting H 263 video streans over the Internet, the output
of the encoder can be packetized directly. For every video frame, the
H 263 bitstreamitself is carried in the RTP payl oad w t hout
alteration, including the picture start code, the entire picture
header, in addition to any fixed |l ength codes and variable | ength
codes. In addition, the output of the encoder is packetized w thout
adding the fram ng information specified by H 223 [6]. Therefore

mul ti pl exi ng audi o and video signals in the sane packet is not
acconmodat ed, as UDP and RTP provide a nuch nore efficient way to
achi eve mul ti pl exi ng.

RTP does not guarantee a reliable and orderly data delivery service,
so a packet might get lost in the network. To achieve a best-effort
recovery from packet |oss, the decoder needs assistance to proceed
wi th decodi ng of other packets that are received. Thus it is
desirable to be able to process each packet independent of other
packets. Sone frane |evel information is included in each packet,
such as source format and flags for optional features to assist the
decoder in operating correctly and efficiently in presence of packet
| oss. The flags for H 263 optional features also provide information
about coding options used in H 263 video bitstreans that can be used
by session managenent tool s.

H. 263 video bitstreans will be carried as payl oad data within RTP
packets. A new H. 263 payl oad header is defined in section 5 on the
H. 263 payl oad header. This section defines the usage of RTP fixed
header and H. 263 vi deo packet structure.

4.1 RTP Header Usage

Each RTP packet starts with a fixed RTP header [1]. The foll ow ng
fields of the RTP fi xed header are used for H. 263 video streans:
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Marker bit (Mbit): The Marker bit of the RTP fixed header is set to
1 when the current packet carries the end of current frame;, set to O
ot herw se.

Payl oad Type (PT): The Payl oad Type shall specify H 263 video payl oad
format using the value specified by the RTP profile in use, for
exampl e RFC 1890 [ 3].

Ti mestanp: The RTP tinmestanp encodes the sanpling instant of the
video frame contained in the RTP data packet. The RTP ti mestanp may
be the sane on successive packets if a video frane occupies nore

t han one packet. For H. 263 video streams, the RTP tinmestanp is based
on a 90 kHz clock, the sane as the RTP timestanp for H. 261 video
streams [5].

4.2 Video Packet Structure

For each RTP packet, the RTP fixed header is followed by the H. 263
payl oad header, which is followed by the standard H 263 conpressed
bitstream[4].

The size of the H 263 payl oad header is variabl e dependi ng on nodes
used as detailed in the next section. The layout of an RTP H. 263
vi deo packet is shown as:

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| RTP header |
O e i o R i i I R S e o
| H. 263 payl oad header |
i T s i o S i i S R I S I S S S M
| H. 263 bitstream |
B T S i T s i i e e SEI S

5. H. 263 Payl oad Header

For H. 263 video streans, each RTP packet carries only one H 263 video
packet. The H. 263 payl oad header is always present for each H 263
vi deo packet.

Three formats (nmode A, node B and node C) are defined for H 263

payl oad header. In node A, an H. 263 payl oad header of four bytes is
present before actual conpressed H 263 video bitstreamin a packet.

It allows fragnentation at GOB boundaries. In node B, an eight byte
H. 263 payl oad header is used and each packet starts at MB boundaries
wi thout the PB-frames option. Finally, a twelve byte H 263 payl oad
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header is defined in node C to support fragmentation at MB boundaries
for frames that are coded with the PB-frames option

The node of each H. 263 payl oad header is indicated by the F and P
fields in the header. Packets of different nodes can be interm xed.
Al client application are required to be able to receive packets in
any node, but decoding of node C packets is optional because the PB-
franes feature is optional.

In this section, the H 263 payload format is shown as rows of 32-bit
words. Each word is transmitted in network byte order. \Wenever a
field represents a nuneric value, the nost significant bit is at the
left of the field.

5.1 Mode A

In this node, an H 263 bitstreamw |l be packetized on a GOB boundary
or a picture boundary. Mdde A packets always start with the H 263
picture start code [4] or a GOB, but do not necessarily contain

compl ete GOBs. Four bytes are used for the node A H. 263 payl oad
header. The H. 263 payl oad header definition for node A is shown as
follows with F=0. Mbde A packets are allowed to start at a GOB
boundary even if no GOB header is present in the bitstreamfor the
GOB. However, such use is discouraged due to the dependencies it
creates across GOB boundaries, as described in Section 3.3.

1 2 3
1234567890123456789012345678901
T T T A S T
|FIP|SBIT |EBIT | SRC|I|U S| AR | DBQ TRB | TR |
T T S T T S T S S

0
0

F: 1 bit
The flag bit indicates the node of the payl oad header. F=0, node A
F=1, node B or node C depending on P bit defined bel ow.

P: 1 bit
Optional PB-franes node as defined by the H 263 [4]. "0" inplies
normal | or P frame, "1" PB-franes. Wen F=1, P al so indicates nodes:

mode B if P=0, node Cif P=1.

SBIT: 3 bits
Start bit position specifies nunber of nmpst significant bits that
shall be ignored in the first data byte.

EBIT: 3 bits

End bit position specifies nunber of |east significant bits that
shall be ignored in the |last data byte.
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SRC : 3 bits
Source format, bit 6,7 and 8 in PTYPE defined by H 263 [4], specifies
the resolution of the current picture.

I: 1 bit.
Picture coding type, bit 9 in PTYPE defined by H 263[4], "0" is
intra-coded, "1" is inter-coded

U 1 bit

Set to 1 if the Unrestricted Mdtion Vector option, bit 10 in PTYPE
defined by H 263 [4] was set to 1 in the current picture header,

ot herw se 0.

S: 1 bit

Set to 1 if the Syntax-based Arithmetic Coding option, bit 11 in
PTYPE defined by the H 263 [4] was set to 1 for current picture
header, otherw se O.

A 1 bit
Set to 1 if the Advanced Prediction option, bit 12 in PTYPE defi ned
by H 263 [4] was set to 1 for current picutre header, otherw se O.

R 4 bits
Reserved, nust be set to zero

DBQ 2 bhits

Differential quantization paraneter used to cal cul ate quantizer for
the B frame based on quantizer for the P frane, when PB-franmes option
is used. The val ue should be the sanme as DBQUANT defined by H. 263
[4]. Set to zero if PB-franmes option is not used.

TRB: 3 bits
Temporal Reference for the B frane as defined by H 263 [4]. Set to
zero if PB-franes option is not used.

TR 8 bhits
Temporal Reference for the P frane as defined by H 263 [4]. Set to
zero if the PB-frames option is not used.

5.2 Mode B

In this node, an H. 263 bitstream can be fragnented at MB boundari es.
Whenever a packet starts at a MB boundary, this node shall be used

wi t hout PB-franmes option. Mbde B packets are intended for a GOB whose
size is larger than the maxi mum packet size allowed in the underlying
protocol, thus naking it inpossible to fit one or nore conplete GOBs
in a packet. This npbde can only be used wi thout the PB-franmes option
Mode C as defined in the next section can be used to fragment H. 263
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bitstreams at MB boundaries with the PB-franes option. The H. 263
payl oad header definition for node B is shown as follows with F=1 and

0 1 2 3

01234567890123456789012345678901
T T S S S T e S S it S S i S S
|[FIP|SBIT |[EBIT| SRC| QUANT | GOBN | MBA IR |
S e T T S S T e S S S
[1]U S| A HW1 | Vw1 | HW2 | VM2 |
T i T i A S

The following fields are defined the same as in node A: F, P, SBIT,
EBIT, SRC, I, U S and AL OQher fields are defined as foll ows:

QUANT: 5 bits

Quanti zation value for the first MB coded at the starting of the
packet. Set to O if the packet begins with a GOB header. This is the
equi val ent of GQUANT defined by the H 263 [4].

GOBN: 5 bits

GXB nunber in effect at the start of the packet. GOB nunber is
specified differently for different resolutions. See H 263 [4] for
details.

MBA: 9 bhits

The address within the GOB of the first MB in the packet, counting
fromzero in scan order. For exanple, the third MBin any GOB is
given MBA = 2.

HW1, VWI1: 7 bits each.

Hori zontal and vertical notion vector predictors for the first MBin
this packet [4]. Wen four notion vectors are used for current MB
wi th advanced prediction option, these would be the notion vector
predictors for block nunber 1 in the MB. Each 7 bits field encodes a
nmotion vector predictor in half pixel resolution as a 2's conpl enent
number .

HW2, VW2: 7 bits each.

Hori zontal and vertical notion vector predictors for block nunber 3
inthe first MBin this packet when four nobtion vectors are used with
t he advanced prediction option. This is needed because bl ock nunber 3
in the MB needs different notion vector predictors from other bl ocks
in the MB. These two fields are not used when the MB only has one
motion vector. See the H 263 [4] for block organization in a

macr obl ock. Each 7 bits field encodes a notion vector predictor in
hal f pi xel resolution as a 2’'s conpl enent nunber.
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R: 2 bits
Reserved, mnmust be set to zero.

5.3 Mde C

In this node, an H 263 bitstreamis fragnmented at MB boundaries of P
franes with the PB-frames option. It is intended for those GOBs whose
sizes are larger than the maxi num packet size allowed in the
under | ying protocol when PB-frames option is used. The H. 263 payl oad
header definition for node Cis shown as follows with F=1 and P=1

0 1 2 3
01234567890123456789012345678901
e T o S S I i S SR S T T T S IR S S A
| FIP|SBIT |EBIT | SRC | JANT | GOBN | VBA |R |
T S R S

| 11U S| A Hwl |

R e
| RR | DBQ TRB | TR |
T I o =i S S St S S et o Tyt

T
W1 | HW2 | VW2 |
i S S S A

<

The following fields are defined the sane as in node B. F, P, SBIT,
EBI T, SRC, QUANT, GOBN, MBA, R I, U S A HW1, VW1, HW2, VMW2.
The rest of the fields (TR, DBQ TRB) are defined the sane as in node
A, except field RR The RRfield takes 19 bits, and is currently
reserved. It nmust be set to zero.

5.4 Sel ection of Mbdes for the H 263 Payl oad Header

Packets carrying H 263 video streans with different nbdes can be

i nterm xed. The nodes shall be selected carefully based on network
packet size, H 263 coding options and underlyi ng network protocols.
More specifically, nmode A shall be used for packets starting with a
GB or the H 263 picture start code [4], and node B or C shall be
used whenever a packet has to start at a MB boundary. Mbdde B or C are
necessary for those GOBs with sizes larger than network packet size.

We strongly recomrend use of node A whenever possible. The mgjor
advant age of node A over node B and Cis its sinplicity. The H. 263
payl oad header is smaller than node B and C. Transmni ssion overhead is
reduced and the savings nmay be very significant when working with
very low data rates or relatively small packet sizes

Anot her advantage of node Ais that it sinplifies error recovery in
the presence of packet |oss. The internal state of a decoder can be
recovered at GOB boundaries instead of having to synchronize with Ms
as in node B and C. The GOB headers and the picture start code are
easy to identify, and their presence will normally cause a H. 263
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decoder to re-synchronize its internal states.

Finally, we would like to stress that recovery from packet | oss
depends on a decoder’s ability to use the information provided in the
H. 263 payl oad header within RTP packets.

Limtations

The packetization method described in this docunment applies to the
1996 version of H 263. It nay not be applicable to bitstreans with
features added after that.

urity Considerations

Security issues are addressed by RTP [1]. This nmeno does not bring
up any additional security issues.
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