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Abstract

This nenp specifies a packetization schenme for encapsul ating
unconpressed video into a payload format for the Real -tinme Transport
Protocol, RTP. It supports a range of standard- and hi gh-definition
video formats, including common television formats such as | TU

BT. 601, and standards fromthe Society of Mtion Picture and

Tel evi si on Engi neers (SMPTE), such as SMPTE 274M and SMPTE 296M  The
format is designed to be applicable and extensible to new video
formats as they are devel oped.

1. Introduction

This nenp defines a schene to packetize unconpressed, studio-quality
video streans for transport using RTP [RTP]. It supports a range of
standard and hi gh-definition video formats, including | TUR BT. 601
[601], SMPTE 274M [274] and SMPTE 296M [ 296] .

Formats for unconpressed standard definition television are defined
by I TU Recormendati on BT. 601 [601] along with bit-serial and parall el
interfaces in Recomendati on BT.656 [656]. These formats all ow both
625-1ine and 525-1ine operation, with 720 sanples per digital active
line, 4:2:2 color sub-sanpling, and 8- or 10-bit digital
representation.
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The representation of unconpressed high-definition television is
specified in SMPTE standards 274M [274] and 296M [296]. SMPTE 274M
defines a fanily of scanning systens with an inage format of
1920x1080 pixels with progressive and interlaced scanning, while
SMPTE 296M defines systenms with an i mage size of 1280x720 pixels and
progressive scanning. In progressive scanning, scan lines are

di spl ayed in sequence fromtop to bottomof a full frane. 1In
interlaced scanning, a frame is divided into its odd and even scan
lines (called fields) and the two fields are displayed in succession.
SMPTE 274M and 296M define i mages with aspect ratios of 16:9, and
define the digital representation for RGB and YCbCr conponents. In
the case of YCbCr conponents, the Cb and Cr conponents are

hori zontal |y sub-sanpled by a factor of two (4:2:2 color encoding).

Al t hough these formats differ in their details, they are structurally
very simlar. This nenp specifies a payload format to encapsul ate
these and other simlar video formats for transport w thin RTP

2. Conventions Used in This Docunent

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

3. Payl oad Design

Each scan line of digital video is packetized into one or nore RTP
packets. |If the data for a conplete scan |ine exceeds the network
MIU, the scan line SHOULD be fragnmented into multiple RTP packets,
each smaller than the MIU. A single RTP packet MAY contain data for
nore than one scan line. Only the active sanples are included in the
RTP payl oad: inactive sanples and the contents of horizontal and
vertical blanking SHOULD NOT be transported. |In instances where
ancillary data is being transmtted, the sender and receiver can

di sanbi guat e between ancillary and video data via scan |ine nunbers.
That is, the ancillary data will use scan |ine nunbers that are not
within the scope of the video frane.

Scan |ine nunbers are included in the RTP payl oad header, along with
afield identifier for interlaced video.

For SMPTE 296M format video, valid scan |line nunbers are from 26
through 745, inclusive. For progressive scan SMPTE 274M f or mat
video, valid scan lines are fromscan |line 42 through 1121
inclusive. For interlaced scan SMPTE 274M format video, valid
scan | ine nunbers for field one (F=0) are from21 to 560 and valid
scan |l ine nunbers for the second field (F=1) are from 584 to 1123.
For I TU- R BT. 601 format video, the blanking intervals defined in
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BT. 656 are used: for 625 line video, lines 24 to 310 of field one
(F=0) and 337 to 623 of the second field (F=1) are valid; for 525
line video, lines 21 to 263 of the first field, and 284 to 525 of
the second field are valid. Oher formats (e.g., [372]) may
define different ranges of active |ines.

The payl oad header contains a 16-bit extension to the standard 16-bit
RTP sequence nunber, thereby extending the sequence nunber to 32 bits
and enabling the payload format to acconmobdate high data rates

wi thout ambiguity. This is necessary as the 16-bit RTP sequence

nunber will roll over very quickly for high data rates. For exanpl e,
for a 1-Gops video streamw th packet sizes of at |east 1000 octets,
the standard RTP packet will roll over in 0.5 seconds, which can be a

probl em for detecting |oss and out-of-order packets particularly in
i nstances where the round-trip tinme is greater than half a second.
The extended 32-bit nunmber allows for a |onger wap-around tine of
approxi mately ni ne hours.

Each scan line conprises an integer nunber of pixels. Each pixel is
represented by a nunber of sanples. Sanples may be coded as 8-, 10-,
12-, or 16-bit values. A sanple may represent a color conponent or a
| um nance conponent of the video. Color sanples may be shared

bet ween adj acent pixels. The sharing of col or sanpl es between

adj acent pixels is known as col or sub-sanpling. This is typically
done in the YCbCr col or space for the purpose of reducing the size of
the i nage dat a.

Pi xel s that share sanpl e val ues MJST be transported together as a
"pixel group”. If 10-bit or 12-bit sanples are used, each pixel may
al so conprise a non-integer nunmber of octets. |In this case, severa
pi xel s MJST be conbined into an octet-aligned pixel group for

transm ssion. These restrictions sinplify the operation of receivers
by ensuring that the conplete payload is octet aligned, and that
sanples relating to a single pixel are not fragnmented across nultiple
packets [ ALF].

For example, in YCbCr video with 4:1:1 col or sub-sanpling, each group
of 4 adjacent pixels conprises 6 sanples, Y1 Y2 Y3 Y4 C Cb, with the
Cr and Cb val ues being shared between all 4 pixels. |If sanples are
8-bit values, the result is a group of 4 pixels conprising 6 octets.

I f, however, sanples are 10-bit values, the resulting 60-bit group is
not octet aligned. To be both octet aligned and appropriately
framed, two groups of 4 adjacent pixels nmust be collected, thereby
becom ng octet aligned on a 15-octet boundary. This length is
referred to as the pixel group size ("pgroup").
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Formal |y, the "pgroup" paraneter is the size in octets of the
smal | est groupi ng of pixels such that 1) the grouping conprises an

i nt eger nunber of octets; and 2) if color sub-sanpling is used,
sanpl es are only shared within the grouping. Wen packeti zing
digital active line content, video data MJST NOT be fragnented within

a pgroup.

Vi deo content is al nost always associated with additional information
such as audio tracks, tinme code, etc. In professional digital video
applications, this data is conmmonly enbedded in non-active portions
of the video stream (horizontal and vertical blanking periods) so

t hat preci se and robust synchronization is naintained. This payl oad
format requires that applications using such synchronized ancillary
data SHOULD deliver it in separate RTP sessions that operate
concurrently with the video session. The normal RTP nechani sns
SHOULD be used to synchroni ze the nedi a.

4. RTP Packeti zation

The standard RTP header is followed by a 2-octet payl oad header that
extends the RTP Sequence Nunber, and by a 6-octet payl oad header for
each line (or partial line) of video included. One or nore lines, or
partial |ines, of video data follow. This fornmat nmakes the payl oad
header 32-bit aligned in the commobn case, where one scan line (or
fragnent) of video is included in each RTP packet.

For example, if two lines of video are encapsul ated, the payl oad
format will be as shown in Figure 1.
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Two (partial) lines of video data

Figure 1: RTP Payl oad Format showing two (partial) |ines of video
4.1. The RTP Header

The fields of the fixed RTP header have their usual neaning, with the
foll ow ng additional notes:

Payl oad Type (PT): 7 bits

A dynamically all ocated payload type field that designates the
payl oad as unconpressed vi deo.

Ti mestanp: 32 bits

For progressive scan video, the tinestanp denotes the sanpling
instant of the frame to which the RTP packet bel ongs. Packets MJST
NOT include data frommultiple franes, and all packets belonging to
the same frame MUST have the sane tinestanp.

For interlaced video, the tinmestanp denotes the sanpling instant of
the field to which the RTP packet belongs. Packets MJST NOT
include data fromnmultiple fields, and all packets belonging to the
same field MIST have the sane tinmestanp. Use of field tinestanps,
rather than a frame tinmestanp and field indicator bit, is needed to
support reverse 3-2 pul | down.
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A 90-kHz tinmestanp SHOULD be used in both cases. |If the sanpling

i nstant does not correspond to an integer value of the clock (as
may be the case when interleaving), the value SHALL be truncated to
the next |owest integer, with no anbiguity.

Marker bit (M: 1 bit

| f progressive scan video is being transmitted, the marker bit
denotes the end of a video frame. |If interlaced video is being
transmtted, it denotes the end of the field. The marker bit MJST
be set to 1 for the last packet of the video frane/field. It MJST
be set to O for other packets.

Sequence Number: 16 bits

The loworder bits for RTP sequence nunber. The standard 16-bit
sequence nunber is augnented with another 16 bits in the payl oad
header in order avoid problens due to wap-around when operating at
high rate rates.

4.2. Payl oad Header
Ext ended Sequence Nunber: 16 bits

The high order bits of the extended 32-bit sequence nunber, in
net wor k byte order.

Length: 16 bits

Nurmber of octets of data included fromthis scan line, in network
byte order. This MJST be a nultiple of the pgroup val ue.

Line No.: 15 bits

Scan |ine nunber of encapsul ated data, in network byte order.
Successi ve RTP packets MAY contains parts of the same scan |ine
(with an increnented RTP sequence nunber, but the sanme tinestanp),
if it is necessary to fragnment a line.

Ofset: 15 bits

O fset of the first pixel of the payload data within the scan line.
If YCbCr format data is being transported, this is the pixel offset
of the lum nance sanple; if RG fornat data is being transport ed,
it is the pixel offset of the red sanple; if BGR format data is
being transported, it is the pixel offset of the blue sanple. The
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value is in network byte order. The offset has a value of zero if
the first sanple in the payload corresponds to the start of the
line, and increments by one for each pixel.

Field Identification (F): 1 bit

Identifies which field the scan |ine belongs to, for interlaced
data. F=0 identifies the first field and F=1 the second fi el d.
For progressive scan data (e.g., SMPTE 296M fornmat video), F MJST
al ways be set to zero.

Continuation (C: 1 bit

Determines if an additional scan |line header follows the current
scan |line header in the RTP packet. Set to 1 if an additiona
header follows, inplying that the RTP packet is carrying data for
nore than one scan line. Set to O otherwise. Several scan lines
MAY be included in a single packet, up to the path MU limt. The
only way to determ ne the nunber of scan lines included per packet
is to parse the payl oad headers.

4.3. Payl oad Data

Dependi ng on the video format, each RTP packet can include either a
singl e conplete scan line, a single fragnent of a scan line, or one
(or nore) conplete scan lines and scan line fragnents. The length of
each scan line or scan line fragment MJUST be an integer nultiple of
the pgroup size in octets. Scan |ines SHOULD be fragnented so that
the resulting RTP packet is smaller than the path Mru

It is possible that the scan line length is not evenly divisible by
the nunber of pixels in a pgroup, so the final pixel data of a scan
line does not align to either an octet or a pgroup boundary.
Nonet hel ess, the payl oad MJST contain a whol e nunber of pgroups; the
sender MUST fill the remaining bits of the final pgroup with zero and
the receiver MUST ignore the fill data. (In effect, the trailing edge
of the image is black-filled to a pgroup boundary.)

For RGB format video, sanples are packed in order Red-G een-Bl ue.
For BGR format video, sanples are packed in order Bl ue-G een-Red.
For both formats, if 8-bit sanples are used, the pgroup is 3 octets.
If 10-bit sanples are used, sanples from4 adjacent pixels form 15-
octet pgroups. |If 12-bit sanples are used, sanples from 2 adjacent
pi xels form 9-octet pgroups. |If 16-bit sanples are used, each pixe
forms a separate 6-octet pgroup
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For RGBA format video, sanples are packed in order Red-G een-Bl ue-
Al pha. For BGRA format video, sanples are packed in order Bl ue-
G een- Red- Al pha. For 8-, 10-, 12-, or 16-bit sanples, each pixe
forms its own pgroup, with octet sizes of 4, 5 6, and 8,
respectively.

If the video is in YCbCr fornmat, the packing of sanples into the
payl oad depends on the col or sub-sanpling used.

For YCbCr 4:4:4 format video, sanples are packed in order Cb-Y-Cr for
both interlaced and progressive frames. |f 8-bit sanples are used,
the pgroup is 3 octets. |If 10-bit sanples are used, sanples from4
adj acent pixels form 15-octet pgroups. |f 12-bit sanples are used,
sanpl es from 2 adjacent pixels form9-octet pgroups. |If 16-bit
sanpl es are used, each pixel fornms a separate 6-octet pgroup

For YCbCr 4:2:2 format video, the Cb and Cr conponents are

hori zontally sub-sanpled by a factor of two (each Cb and Cr sanple
corresponds to two Y components). Sanples are packed in order CbO-
YO-Cr0-Y1l for both interlaced and progressive scan lines. For 8-,

10-, 12-, or 16-bit sanples, the pgroup is formed fromtwo adjacent
pi xels (4, 5, 6, or 8 octets, respectively).

For YCbCr 4:1:1 format video, the Cb and Cr conponents are

hori zontally sub-sanpled by a factor of four (each Cb and C sanple
corresponds to four Y conponents). Sanples are packed in order CbO-
Y0- Y1-Cr0-Y2-Y3 for both interlaced and progressive scan lines. For
8-, 10-, 12-, or 16-bit sanples, the pgroup is forned from four

adj acent pixels (6, 15, 9, or 12 octets, respectively).

For YCbCr 4:2:0 video, the Cb and Cr components are sub-sanpled by a
factor of two both horizontally and vertically. Therefore,

chrom nance sanpl es are shared between certain adjacent |ines.

Figure 2 shows the conmposition of |um nance and chrom nance sanpl es
for a 6x6 pixel grid of 4:2:0 YCbCr video. The pixel group is a
group of four pixels arranged in a 2x2 matrix. The octet size of the
pgroup for progressive scan 4:2:0 video with sanples sizes of 8, 10,
12, and 16 bits is 6, 15, 9, and 12 octets, respectively. For
interlaced 4:2:0 video, the correspondi ng pgroups are 4, 5, 6, and 8
octets.
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[ine 0: YOO Y01 Y02 Y03 Y04 Y05
Cb00 Cr00 Cb01 Cr 01 Cb02 Cr02
line 1. Y10 Y11 Y12 Y13 Y14 Y15
line 2. Y20 Y21 Y22 Y23 Y24 Y25
Cb10 Cr10 Cb1ll Cr11 Ch12 Cr12
line 3: Y30 Y31 Y32 Y33 Y34 Y35
line 4. Y40 Y41 Y42 Y43 Y44 Y45
Cb20 Cr20 Ch21 Cr21 Ch22 Cr22

Sept ember 2005

line 5: Y50 Y51 Y52 Y53 Y54 Y55
Fi gure 2: Chromi nance/l unm nance conposition in 4:2:0 YCbCr video

When packeti zi ng progressive scan 4:2:0 YCbCr video, sanples fromtwo
consecutive scan lines are included in each packet. The scan |ine
nunber in the payl oad header is set to that of the first scan line of
the pair:

line 0/ 1:
YOO- YO1- Y10- Y11l- Cb00O-Cr 00 YO02-Y03-Y12-Y13-Ch01l-Cr01
Y04- YO5- Y14- Y15- Cb02-Cr 02

line 2/3:
Y20- Y21- Y30- Y31- Cb10-Cr10 Y22-Y23-Y32-Y33-Ch1l1l-Cr11
Y24-Y25-Y34-Y35-Ch12-Cr 12

line 4/5:
Y40- Y41- Y50- Y51- Cb20-Cr 20 Y42-Y43-Y52-Y53-Ch21-Cr21
Y44- Y45- Y54- Y55- Ch22-Cr 22

Figure 3: Packetization of progressive 4:2:0 YCbCr video

For interlaced transport, chroninance sanples are transported with
every other line. The first set of chroninance sanples may be
transported with either the first line of field O, or the first line
of field 1. Figure 4 illustrates the transport of chrom nance
sanples starting with the first line of field O (signaled by the
"top-field-first" M ME paraneter).
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field O:
[ine O: YOO-YO1l-Cb00O-Cr00 YO2-Y03-Cbhb01l-Cr01 YO04-Y05-Ch02-Cro02
line 2: Y20-Y21 Y22-Y23 Y24-Y25
line 4: YA40-Y41-Cb20-Cr20 Y42-Y43-Ch21-Cr21 Y44-Y45-Ch22-Cr22
field 1:

[ine 1. Y10-Y11l Y12-Y13 Y14-Y15
line 3: Y30-Y31-Cb1l0-Cr10 Y32-Y33-Cb1ll Cr1l1 Y34-Y35-Cb12-Cr12
line 5: Y50-Y51 Y52-Y53 Y54-Y55

Fi gure 4: Packetization of interlaced 4:2:0 YCbCr video with
top-field-first.

Chrom nance val ues may be sanpled with different offsets relative to
| um nance val ues. For instance, in Figure 2, chrom nance val ues are
sanpl ed at the same di stance from nei ghboring | um nance sanples. It
is also possible for a chrom nance sanple to be co-sited with a
| um nance sanple, as in Figure 5:

line 0: YO00-C Y01 Y02-C Y03 Y04-C Y05

line 1: Y10 Y11 Y12 Y13 Y14 Y15

line 2: Y20-C Y21 Y22-C Y23 Y24-C Y25

line 3: Y30 Y31 Y32 Y33 Y34 Y35

line 4. Y40-C VY41 Y42-C Y43 Y44-C Y45

line 5: Y50 Y51 Y52 Y53 Y54 Y55

Figure 5: Co-sited video sampling in 4:2:0 YCbCr video where C
designates a CbCr pair

In general, chromninance val ues may be placed between | um nance
sanpl es or co-sited. Positions can be designated by an integer
nunbering systemstarting fromleft to right and top to bottom The
position matrices shown in Figures 6, 7, and 8 apply for 4:2:0,
4.:2:2, and 4:1:1 video, respectively:

line N: YIO] [1] Y[2]  Y[O] [1] Y[2]
_ [3] [4] Y[5] [3] [4] [5]
line N#1:  Y[6] [7] Y[8] VY[6] [7] Y[8]

Fi gure 6: Chromi nance position matrix for 4:2:0 YCbCr video
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line N Y[O] [1] Y[2] [3] VY[O] [1] Y[2] [3]
line N+1:  Y[0] [1] Y[2] [3] VY[O] [1] Y[2] [3]

Figure 7: Chromi nance position matrix for 4:2:2 YCbCr video

line N Y[O] [1] Y[2] [3] Y[4] [5] Y[6]
line N+1:  Y[0] [1] Y[2] [3] Y[4] [5] VY]6]

Figure 8: Chromi nance position matrix for 4:1:1 YCbCr video

Al t hough these positions do not affect the packetization order of
chromi nance and | umi nance sanples, the infornmation is needed for
interpolation prior to display and therefore should be signaled to
t he receiver.

5. RTCP Consi derations

RTCP SHOULD be used as specified in RFC 3550 [RTP]. It is to be
noted that the sender’s octet count in SR packets and the cumrul ative
nunber of packets lost will wap around quickly for high data rate
streans. This nmeans that these two fields may not accurately
represent octet count and nunber of packets |ost since the begi nning
of transmission, as defined in RFC 3550. Therefore, for network
noni tori ng purposes, other neans of keeping track of these variables
SHOULD be used.

6. | ANA Consi derati ons
The | ANA has regi stered one new M ME subtype al ong with an associ at ed
RTP Payl oad Format, and has created two sub-paraneter registries, as
described in the follow ng.

6.1. MME type registration
M ME nedi a type name: video
M ME subtype nane: raw

Requi red paraneters:

rate: The RTP tinmestanp clock rate. Applications using this
payl oad format SHOULD use a val ue of 90000.

sanpling: Determines the col or (sub-)sanpling node of the video
stream Currently defined values are RGB, RGBA, BGR, BGRA
YChCr-4:4:4, YCbCr-4:2:2, YCbCr-4:2:0, and YCbCr-4:1:1. New val ues
may be registered as described in section 6.2 of RFC 4175.

Gharai & Perkins St andards Track [ Page 11]



RFC 4175 RTP Payl oad Fornmat for Unconpressed Video Septenber 2005

wi dth: Determ nes the nunber of pixels per line. This is an
i nt eger between 1 and 32767.

hei ght: Determines the nunber of lines per frame. This is an
i nt eger between 1 and 32767.

depth: Deternines the nunber of bits per sanple. This is an
integer with typical values including 8 10, 12, and 16.

colorimetry: This paraneter defines the set of colorinmetric
speci fications and other transfer characteristics for the video
source, by reference to an external specification. Valid values
and their specification are:

BT601-5 | TU Recormmendati on BT. 601-5 [ 601]
BT709- 2 | TU Recormendati on BT. 709-2 [ 709]
SMPTE240M SMPTE standard 240M [ 240]

New val ues nmay be registered as described in section 6.2 of RFC
4175.

Opti onal paraneters:

Interlace: If this OPTIONAL paraneter is present, it indicates that
the video streamis interlaced. |If absent, progressive scan is

i mpl i ed.

Top-field-first: If this OPTIONAL paraneter is present, it

i ndi cates that chrom nance sanpl es are packetized starting with the
first line of field 0. |Its absence inplies that chrom nance
sanpl es are packetized starting with the first line of field 1.

chroma- position: This OPTI ONAL paraneter defines the position of
chrom nance sanples relative to |lum nance sanples. It is either a
single integer or a conma separated pair of integers. |nteger

val ues range fromO to 8, as specified in Figures 6-8 of RFC 4175.
A single integer inplies that Cb and Cr are co-sited. A conmm
separated pair of integers designates the locations of Cob and Cr
sanpl es, respectively. In its absence, a single value of zero is
assuned for col or-subsampl ed video (chroma-position=0).

gamma: An OPTI ONAL floating point gama correction val ue.
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Encodi ng consi derations:

Unconpressed video is only transnitted over RTP as specified in RFC
4175. No file format nedia type has been defined to go with this
transni ssion nedia type at this tine.

Security considerations: See section 9 of RFC 4175.
Interoperability considerations: NONE

Publ i shed specification: RFC 4175.

Applications which use this nedia type: Video communi cation
Addi tional information: None

Person & email address to contact for further infornmation:

Ladan CGharai <l adan@ si .edu>
| ETF Audi o/ Vi deo Transport worki ng group.

I nt ended usage: COMVON

Aut hor: Ladan Gharai <l adan@ si . edu>
Change controller: IETF AVT Wrking G oup
del egated fromthe | ESG

6.2. Paraneter Registration

New val ues of the "sanpling" paranmeter MAY be registered with the
| ANA provided they reference an RFC or other permanent and readily
avai |l abl e specification (the Specification Required policy of RFC
2434 [2434]). A new registration MJST define the packing order of
sanpl es and a valid conbi nati ons of color and sub-sanpling nodes.

New val ues of the "colorinetry" paraneter MAY be registered with the
| ANA provided they reference an RFC or other permanent and readily
avai |l abl e specification if colorinmetric paranmeters and ot her
appl i cabl e transfer characteristics (the Specification Required
policy of RFC 2434 [2434]).

7. Mapping M ME Paraneters into SDP

The information carried in the MM nedia type specification has a
specific mapping to fields in the Session Description Protocol (SDP)

[ SDP], which is commonly used to describe RTP sessions. Wen SDP is
used to specify sessions transporting unconpressed vi deo, the mapping
is as follows:
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- The MM type ("video") goes in SDP "m=" as the medi a nane.

-  The M ME subtype (payload format nanme) goes in SDP "a=rtpmap" as
t he encodi ng nane.

- Remaining paranmeters go in the SDP "a=fntp" attribute by copying
themdirectly fromthe MM nedia type string as a seni col on-
separated |ist of paraneter=value pairs.

A sanpl e SDP mappi ng for unconpressed video is as follows:

mevi deo 30000 RTP/ AVP 112

a=rtpmap: 112 raw 90000

a=fnmt p: 112 sanpling=YCbCr-4:2:2; w dth=1280; hei ght=720; depth=10;
col ori metry=BT. 709- 2; chroma-position=1

In this exanple, a dynam c payload type 112 is used for unconpressed
video. The RTP sanpling clock is 90 kHz. Note that the "a=fntp:"
line has been wapped to fit this page, and will be a single |ong
line in the SDP file.

8. Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [RTP] and any appropriate RTP profile. This inplies
that confidentiality of the nmedia streans is achieved by encryption

Thi s payl oad type does not exhibit any significant non-uniformty in
the receiver side conputational conplexity for packet processing to
cause a potential denial-of-service threat.

It is inportant to note that unconpressed video can have imense
bandwi dth requirenments (up to 270 Mips for standard-definition video,
and approximately 1 Gops for high-definition video). This is
sufficient to cause potential for denial-of-service if transmtted
onto nost currently available Internet paths.

Accordingly, if best-effort service is being used, users of this

payl oad format MJST nonitor packet |loss to ensure that the packet
loss rate is within acceptable paraneters. Packet |oss is considered
acceptable if a TCP flow across the sanme network path, and
experiencing the sane network conditions, would achieve an average

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

i npl enenti ng congestion control mnechani sns to adapt the transm ssion
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10.

rate (or the number of |ayers subscribed for a |ayered nulticast
session), or by arranging for a receiver to | eave the session if the
|l oss rate is unacceptably high.

Thi s payl oad format nmay al so be used in networks that provide

qual ity-of -service guarantees. |f enhanced service is being used,
recei vers SHOULD nonitor packet |oss to ensure that the service that
was requested is actually being delivered. [If it is not, then they

SHOULD assune that they are receiving best-effort service and behave
accordingly.

Rel ation to RFC 2431

In conparison with RFC 2431, this neno specifies support for a w der
variety of unconpressed video, in ternms of frame size, color sub-
sanpling and sanple sizes. Although [BT656] can transport up to 4096
scan |lines and 2048 pi xels per |ine, our payload type can support up
to 32768 scan lines and pixels per line. Al so, RFC 2431 only address
4:2:2 YCbCr data, while this meno covers YCbhCr, RGB, RGBA, BGR BGRA
and nost common col or sub-sanpling schenes. G ven the variety of

vi deo types that we cover, this nenp al so assunmes out - of - band
signaling for sanple size and data types (RFC 2431 uses in band
signaling).

Rel ati on to RFC 3497

RFC 3497 [ 292RTP] specifies a RTP payl oad fornmat for encapsul ating
SMPTE 292M vi deo. The SMPTE 292M st andard defines a bit-serial
digital interface for |ocal area Hi gh-Definition Tel evision (HDTV)
transport. As a transport medium SMPTE 292M utilizes 10-bit words
and a fixed 1.485 Gbhps (and 1.485/1.001 Gops) data rate. SMPTE 292M
is typically used in the broadcast industry for the transport of

ot her video formats such as SMPTE 260M SMPTE 295M SMPTE 274M and
SMPTE 296M

RFC 3497 defines a circuit emulation for the transport of SMPTE 292M
over RTP. It is very specific to SMPTE 292 and has been designed to
be interoperable with existing broadcast equi pnent with a constant
rate of 1.485 Cbps.

This nenp defines a flexible native packetization schene that can
packeti ze any unconpressed video, at varying data rates. In
addition, unlike RFC 3497, this meno only transports active video

pi xel s (i.e., horizontal and vertical blanking are not transported).
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