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Abstract

Thi s docunent specifies the RTP payload format for encapsulating |ITU
Recomrendati on BT. 656-3 video streans in the Real -Tine Transport
Protocol (RTP). Each RTP packet contains all or a portion of one
scan |line as defined by | TU Recormendati on BT. 601-5, and i ncl udes
fragnentation, decoding and positioning information.

1. Introduction

Thi s docunent describes a schene to packetize unconpressed, studio-
quality video streans as defined by BT.656 for transport using RTP
[1]. A BT.656 video streamis defined by | TU-R Reconmendati on
BT.656-3 [2], as a neans of interconnecting digital television

equi pnent operating on the 525-1ine or 625-1ine standards, and
conplying with the 4:2:2 encoding paranmeters as defined in ITUR
Recomrendati on BT.601-5 (fornmerly CCl R-601) [3], Part A

RTP is defined by the Internet Engineering Task Force (I ETF) to
provi de end-to-end network transport functions suitable for
applications transnitting real-tine data over nulticast or unicast
network services. The conplete specification of RTP for a particul ar
application requires the RTP protocol docunent [1], a profile

speci fication docunent [4], and a payload format specification. This
docunent is intended to serve as the payl oad fornmat specification for
studi o-quality video streans.
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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 [5].

2. Definitions
For the purposes of this docunent, the follow ng definitions apply:

Y: An 8-bit or 10-bit coded "l uninance" sanple. Luminance in this
context refers to the BT.601-5 [3] definition which is not the sane
as a true CE lunminance value. The value of "luninance" refers
specifically to video luma. However, in order to avoid confusion with
the BT. 656 and BT. 601 standards, the video |luma value is referenced
in this docunent as |um nance. Each value has 220 quantization
level s with the black level corresponding to |level 16 and the peak
white | evel corresponding to 235.

Cb, Cr: An 8-bit or 10-bit coded color-difference sanple (as per

BT. 601-5). Each color-difference value has 225 quanti zation |evels
in the centre part of the quantization scale with a color-difference
of zero having an encoded val ue of 128.

True Bl ack: BT.601-5 defines a true black | evel as the quad-sanple
sequence 0x80, 0x10, 0x80, 0x10, representing color-difference val ues
of 128 (0x80) and a | um nance val ue of 16 (0x10).

SAV, EAV: Video timng reference codes which appear at the start and
end of a BT.656 scan line.

3. Payl oad Design

| TU Recommendati on BT. 656-3 defines a schema for the digital

i nterconnection of television video signals in conjunction with

BT. 601-5 which defines the digital representation of the original
anal og signal. Wile BT.601-5 refers to images with or without color
subsanpl i ng, the interconnection standard (BT.656-3) specifically
requires 4:2:2 subsanpling. This specification also requires 4:2:2
subsanpl i ng such that the | um nance stream occupies tw ce the

bandw dth of each of the two color-difference streans. For norna
4:3 aspect ratio imges, this results in 720 [ um nance sanpl es per
scan |line, and 360 sanpl es of each of the two chroni nance channel s.
The total nunber of sanples per scan line in this case is 1440.

Wi le this payl oad format specification can acconodate various inmage
sizes and franme rates, only those in accordance with BT.601-5 are
currently supported.
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Due to the lack of any form of video conpression wthin the payl oad
and sanpling-rate conpliance with BT.601-5, the resultant video

stream can be considered "studio quality". However, such a stream
can require approxi mately 20 negabytes per second of network
bandwi dth. In order to maxim ze packet size within a given MU, and

to optinize scan |line decoding, each video scan line is encoded
wi thin one or nore RTP packets.

To allow for scan |line synchroni zati on, each packet includes certain
flag bits (as defined in BT.656-3) and a unique scan |ine nunber.
The SAV and EAV tining reference codes are renoved. Furthernore, no
i ne bl anking sanples are included, so no ancillary data can be
included in the line blanking period. It is the responsibility of
the receiver to generate the tinming reference codes, and to insert
the correct nunber of Iine blanking sanples.

Simlarly, there is no requirenent that the franme bl anki ng sanpl es be
provided. However, it is possible to include franme blanking sanples
if such sanples contain relevant information, such as a vertical -
interlace tine code (VITC), or teletext data. |In the absence of
frame bl anki ng sanples, the receiver MJST generate true black |evels
as defined above, to conplete the correct nunber of scan |ines per
field. [If frame bl anking sanples are provided, they MJST be copied
wi t hout nodification into the resultant BT.656-3 stream

Scan lines MJST be sent in sequential order. Error conceal nent for
m ssing scan lines or fragnments of scan lines is at the discretion of
the receiver.

Both 8-bit and 10-bit quantization types as defined by BT.601-5 are
supported. 10-bit sanples are considered to have two extra bits of

fi xed-poi nt precision such that a binary value of 10111110.11
represents a sanple value of 190.75. Using 8-bit quantization, this
woul d give a sanple value of 190. An application receiving 8-bit
sanples for a 10-bit device MJST consider the sanple as reflecting
the nost-significant 8 bits. The two |east-significant bits SHOULD
be set to zero. Sinmilarly, an application sending 8-bit sanples from
a 10-bit device MJIST drop the two least-significant bits. For a 10-
bit quantization payl oad, each pair of sanples MJST be encoded into a
40-bit word (five octets) prior to transm ssion, as specified in
Section 6.

To allow for scan lines with octet lengths larger than the path

maxi num transmi ssion unit (MIU), a scan offset field is included in
the packet header. Applications SHOULD attenpt path MIU di scovery
[6] and fragment scan lines into nmultiple packets no |arger than the
MTU.
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Fragnentati on MJUST occur on a sanpl e-pair boundary, such that the
chromi nance and | unmi nance val ues are not split across packets. For
8-bit quantization this gives a four-octet alignnent, and a five-
octet alignment for 10-bit quantization. As a result, the scan
offset refers not to the byte offset within the payload, but the
sanpl e-pair offset.

4. Usage of RTP

Due to the unreliable nature of the RTP protocol, and the |ack of an
orderly delivery mechani sm each packet contains enough information
to forma single scan line without reference to prior scan lines or

prior frames. |In addition to the RTP header, a fixed |ength payl oad
header is included in each packet. This header is four octets in
| engt h.

0 1 2 3

01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
| RTP Header |
T S o T s T T o S T il sl S T R S i i
| Payl oad Header |
T S o T s T T o S T il sl S T R S i i

Payl oad Dat a |

: I

I
+

e i i S o i S I i S S i (s S
4.1. RTP Header usage

Each RTP packet starts with a fixed RTP header. The follow ng fields
of the RTP fixed header are used for BT.656-3 encapsul ati on:

Marker bit (M: The Marker bit of the RTP header is set to 1 for the
| ast packet of a frame (or the last fragnent of the last scan line if
fragmented), and set to O on all other packets.

Payl oad Type (PT): The Payl oad Type indicates the use of the payl oad
format defined in this docunent. A profile MAY assign a payl oad type
value for this format either statically or dynam cally as descri bed
in RFC 1890 [4].

Ti mest anp: The RTP Ti mestanp encodes the sanpling instant of the
video frane currently being rendered. Al scan |ine packets within
the same frame will have the same tinmestanp. The tinestanp SHOULD
refer to the "Ov field synchronization point of the first field.

For the payload fornmat defined by this docunent, the RTP tinmestanp is
based on a 90kHz cl ock.
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5. Payl oad Header

The payl oad header is a fixed four-octet header broken down as
foll ows:

0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i

| Fl V] Type [P Z | Scan Line (SL) | Scan O fset (SO
T S o T s T T o S T il sl S T R S i i

F: 1 bit

Wien 0, indicates the first field of a frame (line 4 through 265
inclusive for Type=0 or 2, and line 1 through 312 inclusive for Type=1
or 3). Any other scan line is considered a conmponent of the second
field, and the F bit will be set to 1. This bit is copied directly
fromthe BT.656-conpliant streamby the transmtter, and inserted into
the stream by the receiver

V. 1 bit
When 1, indicates that the scan line is part of the vertical interval
Shoul d al ways be 0 unless frane blanking data is sent. |n which case,

the V bit SHOULD be set to 1 for scan lines which do not form an
integral part of the image. This bit is copied directly fromthe

BT. 656-conpliant streamby the transmtter, and inserted into the
stream by the receiver. For receivers which do not receive scan |ines
during the vertical interval, BT.656 vertical interval data MJST be
generated by repeating the quad-sanpl e sequence 0x80, 0x10, 0x80,

0x10, representing a true black |evel.

Type: 4 bits

This field indicates the type of frame encoding within the payl oad.
It MJUST remai n unchanged for all scan lines within the same frame.
Currently only four types of encoding are defined. These are as
fol |l ows;

0 - NTSC (13.5MHz sanple rate; 720 sanples per line; 60 fields
per second; 525 lines per frane)

1 - PAL (13.5MHz sanple rate; 720 sanples per line; 50 fields
per second; 625 lines per frane)

2 - High Definition NTSC (18MHz sanple rate; 1144 sanpl es per
line; 60 fields per second; 525 |ines per frame)

3 - High Definition PAL (18MHz sanple rate; 1152 sanpl es per
line; 50 fields per second; 625 |ines per framne)
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Further encodi ngs can only be defined through the Internet Assigned
Nurmbers Authority (1 ANA). For nore information refer to Section 8,
"I ANA Consi derations".

P. 1 bit

I ndi cates the required sanple quantization size. Wen 0, the payl oad
is conprised of 8-bit sanples. Oherwise, it carries 10-bit sanples.
This bit MJST remai n unchanged for all scan lines within the same
frane.

Z. 2 bits
Reserved for future use. Mist be set to zero by the transnitter and
i gnored by the receiver.

Scan Line (SL): 12 bits

I ndi cates the scan |line encapsulated in the payload. Valid val ues
range from 1l through 625 inclusive. If no frame blanking data is
being transmitted, only scan |lines 23 through 310 inclusive, and
lines 336 through 623 inclusive SHOULD be sent in the case of Type=1
or 3. For 525/60 encoding (Type=0 or 2), scan lines 10 through 263
i nclusive and lines 273 through 525 SHOULD be transmnitted.

If a receiver is generating a BT.656-3 data streamdirectly fromthis
packet, the F and V bits MJST be copied fromthe header rather than
bei ng generated inplicitly fromthe scan line nunber. 1In the event
of a conflict, the F and V bits have precedence.

Scan Offset (SO: 11 bits

I ndi cates the offset within the scan line for application-I|eve
fragnentation. After doing PMIU di scovery, if the path MU is |ess
than the required size for one conplete scan line, the data SHOULD be
fragmented such that a given RTP packet does not exceed the allowabl e
MIU. The offset for the first packet of a scan line MJST be set to
zero. The scan offset refers to the sanple-pair offset within the
scan such that for a scan line width of 720, the maxi mum scan of f set
is 359.

6. Payl oad For mat

In keeping with the 4:2:2 col or subsanpling of BT.656 and BT. 601,
each pair of color-difference sanples will be interm xed with two

| um nance sanples. As per BT.656, the fornmat for transni ssion SHALL
be Cb, Y, O, Y. The following is a representation of a 720 sanple
packet with 8-bit quantization
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0 1 2 3
01234567890123456789012345678901
T S T T S e T S S T i S S S S s i s

| Ch0 | YO | Cro | Y1 |
N S S S S S S S
| Ch1l | Y2 | Crl | Y3 |

T T T S i T S S St e e LT i S T

T S T T S e T S S T i S S S S s i s
| Cb359 | Y718 | Cr 359 | Y719
T T T S i T S S St e e LT i S T

1144 and 1152 sanpl e packets SHOULD increase the packet size
accordi ngly while maintaining the sanple order.

For 10-bit quantization, each group of four sanples MJST be encoded
into a 40-bit word (five octets) prior to transmission. The sanple
order is identical to that for 8-bit quantization. The following is
a representation of a 720 sanple packet with 10-bit quanti zati on:

0 1 2 3
024680246802468024638
Fomm e oo Fomm e oo Fomm o e Fomm e o e +
| Cb0 | YO | Cro | Y1 |
Fomm e oo Fomm e oo Fomm o e Fomm e o e +
| Cbl | Y2 | Crl | Y3 |
Fomm e oo Fomm e oo Fomm o e Fomm e o e +
Fomm e oo Fomm e oo Fomm o e Fomm e o e +
| Ch359 | Y718 | Cr359 | Y719 |
Fomm e oo Fomm e oo Fomm o e Fomm e o e +
(Note that the word width is 40 bits)
Fomm e - Fomm e - Fomm e - Fomm e - R +
Cctets: | 0 | 1 | 2 | 3 | 4 |
Fomm e - Fomm e - Fomm e - Fomm e - R +

The octets shown in these diagrans are transnmitted in network byte
order, that is, left-to-right as shown.
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7. Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [1]. This inplies that confidentiality of the nedia
streans is achieved by encryption. Because the payload format is
arranged end-to-end, encryption MAY be perfornmed after encapsul ation
so there is no conflict between the two operations.

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.

8. | ANA Consi derati ons

The four encoding types defined by this docunent relate to specific
schema defined by | TUR Recommendati on BT. 656-3. Future revisions of
the recommendati on may create further encodi ng types which need to be
supported over RTP. The "Type" field is four bits wide allowing for a
total of up to sixteen possible encodings, with twelve currently
reserved for future use. Due to the small nunber of possible
encodings and given that it is very unlikely that future revisions of
BT. 656 will introduce any new schena, requests to extend the Type
field MIUST be vetted by the Internet Assigned Numbers Authority.
Furthernore, inplenentors SHOULD check the | ANA repository for new
definitions of the Type field in order to conply with this document.

Applications for a new Type val ue MJST be subnmitted to the | ANA and

i nclude the requestors nane and contact information, the reason for
requesting a new Type and references to appropriate standards, such
as an updated version of |ITU R Reconmendati on BT. 656. Furthernore,
in the unlikely event that the new Type will |essen the security of a
conpliant inplenmentation, such security risk MJST be detailed in the
application. The application will be reviewed by a Designated Expert
and if appropriate, a new Type will be assigned. This type will be
listed in the | ANA repository for future inplenentations.
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11. Full Copyright Statenent
Copyright (C) The Internet Society (1998). Al Rights Reserved.

Thi s docunent and translations of it nmay be copied and furnished to
ot hers, and derivative works that comment on or otherw se explain it
or assist inits inplenentation may be prepared, copied, published
and distributed, in whole or in part, without restriction of any

ki nd, provided that the above copyright notice and this paragraph are
i ncluded on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zati ons, except as needed for the purpose of
devel opi ng I nternet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into |Ianguages other than
Engli sh.

The limted perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assigns.

Thi s docunent and the information contained herein is provided on an
"AS | S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LI M TED TO ANY WARRANTY THAT THE USE OF THE | NFORMATI ON
HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE.
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