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O ficial Protocol Standards" (STD 1) for the standardization state
and status of this protocol. Distribution of this meno is unlimnited.
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Abstract
Thi s docunent describes a nechani smfor associating tine-codes, as
defined by the Society of Mtion Picture and Tel evi si on Engi neers

(SMPTE), with nedia streans in a way that is independent of the RTP
payl oad format of the nmedia streamitself.
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1. Introduction

First a brief background on tine-codes [ SMPTE-12M.

The time-code systemin conmon use is defined by the Society of
Motion Picture and Tel evi si on Engineers (SMPTE); in it, time-codes
count franmes. A conmon formof the display |ooks |like a normal clock
value (hh:mmss.frame). Wen the frame rate is truly integral, then
this can be a normal clock value, in that seconds tick by at the same
rate as the seconds we know and | ove.

However, NTSC video infamously runs slightly slower than 30 franes
per second (fps). Some people call it 29.97, which isn't quite
right; to be accurate, a frane takes 1001 ticks of a 30000 tick/
second clock. Be that as it nmay, SMPTE tine-codes count 30 of these
frames and deemthat to nake a second.

This causes an SMPTE time-code display to "run slow conpared to
real-time. To aneliorate this, sonmetines a format call ed drop-frame
is used. Sone of the frane nunbers are skipped, so that the counter
periodically 'catches up’ (so sonme tinme-code seconds actually only
have 28 franes in them
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It is worth noting that in neither case is the SMPTE ti nme-code an
accurate clock; in the first case, it runs slow, and in the second,
the adjustments are abrupt and periodic -- and still not quite
accurate. Hence the rest of this docunment tries to be clear when
referring to a second in a tinme-code as a 'tinme-code second’ .

However, SMPTE tine-codes do run in real-tinme when used with systens
with integral fps (e.g., filmcontent at 24 fps or PAL vi deo).

Thi s specification defines howto carry tine-codes in RTP and RTCP
(RTP Control Protocol), associate themw th a nedia stream and
synchroni ze themwith the RTP tinmestanps. It uses the general RTP
header extensi on nechani sm [ RFC5285] .

2. Requirenents Notation
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

3. Design CGoals
What we desire is a systemthat allows us to associate an SMPTE ti ne-
code with some nedia in an RTP [ RFC3550] stream Since in RTP al
nmedi a has a clock already, we can often |everage that fact. If we
treat the nedia as having 'segnents’ of time in which the tinme-code
is sinply counting up, then the tine-code anywhere within a segnent
can be calculated if you know
0 the RTP tinmestanp of the start of the segnent;
0 the tine-code of the start of the segnent;
0 the counting rate and other paraneters of the time-code;
0 the RTP tinmestanp where you want to know the tine-code.
There are two cases to consider:

1. the tinme-codes are piece-wi se continuous with only occasi onal
di scontinuities;

2. the continuity of the tine-codes is not certain (or not known).
The first can be handl ed by providing details of the tinme-code axis

and an initial mapping fromRTP tinme to tine-code tinme as well as
periodi ¢ mappings in RTCP packets. This is defined in Section 6. 3.
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The second requires in-band signaling within the RTP packets
thenselves. This is defined in Section 6. 4.

There are applications where the transport of all 8 bytes of the
SMPTE 12M tine-code are inportant (e.g., when the date of the timne-
code nust be known or when the RTP transport is used as a transparent
pipe). On the other hand, there are cases (e.g., when tine-codes are
used with conpressed audi o) when bandwidth is also inportant. To
support both use cases, provision is nmade for both compact and ful
forms of the tine-code.

4. Requirements and Constraints

Recei vers MJUST support tine-codes in both RTCP and RTP as well as
both forns (conpact and full) of the tinme-code. Senders, of course,
are free to choose.

Note that the conpact formallows frame nunbers greater than the full
form(a field of 6 bits vs. a full binary-coded decinal (BCD) digit
and a 2-bit BCD digit, which gives a maximumtransm tted val ue of
29). In sonme cases, the color frame flag (bit 11) is used to
"extend’ the "tens of franes" field from2 to 3 bits; however, such
practices are outside the scope of this specification

In the case that a presentation contains nore than one stream
senders MUST continue to send the standard RTP synchroni zati on
information in RTCP, even if the streans carry SMPTE tine-codes that
coul d be used for synchronization. |In fact, when tine-codes are
carried by nore than one stream this docunent does not constrain the
ti me-codes: at a given point in time, they nmay be the sane, or they
may differ (e.g., if they carry the original time-codes of different
source material that was edited together).

5. Signaling Information

I f the recipient nust ever calculate tinme-codes based on the RTP
times, then some setup information is needed. This MJST be sent out-
of -band -- for exanple, in a SIP offer/answer exchange [ RFC3264].
Since this specification is a general header extension [RFC5285],
when the Session Description Protocol (SDP) is used, the ’extmp’
attri bute defined by the extension nechanismis al so used.

The setup information should incl ude:

1. the duration, in the RTP tinmescale, of a single frane-count in
the "frames’ portion of the tine-code (frame_duration)
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2. the nunber of those franes that nmake a tine-code second
(frames_per_tc_second); framecounter values may be between 0 and
(franmes_per _tc_second - 1)

3. the drop-frane indication, is-NISCdrop-franme, which indicates
whet her the usual drop-frame behavior should be applied or not

Note that other information we need to do the calculation (e.g., the
clock rate of the RTP tinmestanp) is supplied already and assuned to
be avail abl e.

For exanple, if associated with a video streamw th the conmon ti ne-
scal e of 90000 ticks per second, then a frane_duration of 3003 and
frames-per-tc-second of 30 would yield a 'nornal’ SMPTE tine-code for
NTSC video. Simlarly, values of 3750 and 24 yield a tinme-code for
24 fps filmcontent, and so on

Note al so that we supply explicitly the frame duration and fps, even
t hough they are obviously closely related. This renoves any
anmbi guity of what the counter values should be in the case of drop-
frame counting. These three values MJST correspond with each other.
When the SDP is used, these three paranmeters are transnitted as
extensionattri butes, as defined in the header extension specification
[ RFC5285], with the foll owi ng ABNF syntax [RFC5234]. The form of the
extension attributes is 'owned by the extension name. These
paraneters to the extension do not need registration action beyond
their docunentation here. Note that the paraneters are supplied as
extension attributes, suitable for in-line use in RTP, even if in a
gi ven streamonly the RTCP mapping is used.

di gi t = n OII/ n 1Il/ n 2Il/ n 3"/ n 4Il/ n 5Il/ n 6Il/ n 7Il/ n 8Il/ n 9Il

integer = 1*digit

frame-duration-length = integer

ti mestanp-rate = integer

frame-duration = frame-duration-length "@ tinestanp-rate
frames-per-tc-second = integer

drop = "/drop"

extensionattributes = franme-duration "/" frames-per-tc-second [drop]
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The frane duration is specified as a count of ticks of a clock that
has tinestanp-rate ticks per second. It is recomended that the
timestanp-rate be the sane as the clock rate of the RTP streamin

whi ch the extension is enbedded, to avoid the |oss of accuracy in
conversion of tinestanps. |If the payload type changes during a
stream especially between payloads with different clock rates, it is
strongly recommended that the header extension be included on the
first packet(s) of the new payload, to set the mapping for the new
clock rate explicitly.

If */drop’ is specified, then the first two frane nunbers are omtted

fromthe count of each minute, except for minutes 00, 10, 20, 30, 40,

and 50, as docunented in Section 4.2.2 of SMPTE specification

[ SMPTE-12M . (Note that this usually only applies to NTSC video.)

The URI used for the signaling is
"urn:ietf:parans:rtp-hdrext:snpte-tc".

This URI signals the possible presence of associations in RTCP or
RTP, as defined bel ow.

An exanple in the SDP, for filmmaterial, on a streamw th a
ti mescal e of 600, m ght be:

a=extmap: 4 urn:ietf:paranms:rtp-hdrext:snpte-tc 25@00/ 24

Anot her exanple, for drop-frame NTSC, on a streamw th a tinescale of
600, m ght be:

a=extmap: 4 urn:ietf:paranms:rtp-hdrext:snpte-tc 20@00/ 30/ dr op
6. In-Stream Information
6.1. Conpact Format of the Ti nme- Code

A conpact binary SMPTE tinme-code in this design occupies 24 bits. It
is NOT formatted in the BCD system but uses binary fixed-w dth

fields. It has the follow ng structure:

sign(l) -- 1 for negative, 0 for positive

hours (5 bits) -- 0 to 23; the values 24-31 are reserved
mnutes (6 bits) -- 0 to 59; 60-63 are reserved
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seconds (6 bits) -- 0 to 59; 60-63 are reserved
frames(6 bits) -- 0 to (franes-per-tc-second - 1)
Note that these fields are larger than the provision in SMPTE 12M
where BCD (bi nary-coded decinmal) is used (and notably, where only two
bits are provided for the tens digit of the franme-count, so frane
nunbers above 39 cannot be represented).

6.2. Full Format of the Tine-Code
A full SMPTE tine-code occupies 64 bits. It is formatted exactly as
defined in Sections 7 and 8 of SMPTE 12M [ SMPTE- 12M, wit hout the
16-bit syncword. The value of the "drop frame flag" MJST agree with
the use of the "drop" indicator in the signaling.
Here are the bit assignnents from SMPTE 12M for information
0--3 Units of frames

4--7 First binary group

8--9 Tens of franes
10 Drop franme flag
11 Color frame flag

12--15 Second binary group
16--19 Units of seconds
20--23 Third binary group
24--26 Tens of seconds

27 Pol arity correction
28--31 Fourth binary group
32--35 Units of mnutes
36--39 Fifth binary group
40--42 Tens of minutes

43 Bi nary group flag BGFO
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44--47 Sixth binary group

48--51 Units of hours

52--55 Seventh binary group

56--57 Tens of hours

58 Bi nary group flag BGFl

59 Bi nary group flag BGF2

60--63 Eighth binary group
6.3. Associations in RTCP

Wien the time-codes are piece-w se continuous, we then supply in RTCP
packets an RTP tinmestanp and an SMPTE tine-code for the start of each
run of calcul able tine-codes. This establishes the tine-code for all
RTP tinmes greater than or equal to the one given, until a subsequent
RTCP packet reestablishes the mapping.

Note that the RTP tinmestanp in the RTCP mappi ng may not match the
timestanp of any frane in the nedia stream For video, it normally
woul d; but a tinestanp transition nay happen part-way through a
decoded audio frame. Since they share the sane clock, the timng of
that transition and the tinm ng of the audio streamitself have the
sanme accuracy.

The RTCP packets need not use the sane RTP tinestanp as the sender
report (or transmission tine) in the same RTCP packet. They can be
sent 'ahead of need if possible (e.g., for stored content, when the
server can | ook ahead) or 'just-in-tine’. For exanple, packets sent
"just-in-time' may be sent as early feedback packets, follow ng the
rules in [RFC4585], after a discontinuity in the tine-code is
detected. Such packets allow nedia-buffering in the client the
chance to 'catch’ the RTCP before the matching RTP packet is
processed and di spl ayed.

The association is a new RTCP Control Packet Type, using the val ue

194 (see Section 10). This control packet has one of the two
followng forns, differentiated by its |ength.
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0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
| V=2| P| SC | PT=SMPTETC=194 | | engt h=3 |
R e e e e e e e e A A A R e
| SSRC of packet sender |
R e e e e e e e e A A A R e
| RTP ti nestanp |
R e e e e e e e e A A A R e
| S| hours | mnminutes | seconds | franes | reserved=0 |
+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+=+

Figure 1: RTCP Short Form Packet

The fields S (sign), hours, mnutes, seconds, and franes are defined
in Section 6.1.

For this short form the length takes the fixed value 3, indicating a
control packet of 4 32-bit words.

0 1 2 3
01234567890123456789012345678901
T S o T s T T o S T il sl S T R S i i
| V=2| P| SC | PT=SMPTETC=194 | | engt h=4 |
+=+=+=+=+=+=+=+=+=+=+=+=t+=+=+=+=+=+=t=+=+=+=+=+=+=+=+=+=+=+=+=+=+
| SSRC of packet sender |
R e e e e e e e e A A A R e
| RTP ti nestanp |
+=4=+=+=+=+=+=+=+=+=+=+=+=+=+=+ =+ =+ ==+ =+ =+ ==+ =+ ===+ ==+ ===+
| Full 8-byte |
| SMPTE 12M ti me- code |
R e e e e e e e e A A A R e

Figure 2: RTCP Full Form Packet

For this full time-code (long form, the Iength takes the fixed val ue
4, indicating a control packet of 5 32-bit words.

6.4. Associations in RTP

When the tine-codes are not known to be piece-w se continuous, or
absol ute surety of mapping is desired, then the napping can be placed
into some or all of the RTP packets. This is a |ess desirable route;
it uses the RTP header extension [RFC5285], which sone termnals may
find problematic. And clearly placing mapping information in every
packet uses nore bandw dt h.
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In as many RTP packets as needed (possibly all), an RTP header
extension is used [ RFC5285] to associate an RTP tine to an SMPTE
ti me- code.

There are two fornms of this header extension, again differentiated by
their length. The short form associates a conpact tine-code with the
RTP tinmestanp of the packet. The long formallows associates a full
time-code with a tinmestanp offset fromthe RTP tinmestanp of the
packet .

The short formhas a length of 3 bytes (24 bits). The long form has
a length of 12 bytes (96 bits) and consists of a full SMPTE 12M ti ne-
code, followed by a signed 32-bit offset D fromthe RTP tinestanp.

| f the packet has tinmestanmp T, this establishes an RTP to time-code
association for the RTP tinme T+D.

7. Inplenmentation Note (Informative)

This section contains a suggestion on howto calculate both a tine-
code for atinme T2, given an initial code at time T1l, and the frane
durati on.

It might seemthat when drop-frane is used, there is a 'fence post’
probl em how many m nutes in which frame-nunbers are dropped have
passed since the initial tine-code? However, this can be avoided if
all calculations are 'zero-based ; then the nunber of 'fence posts’
i s known.

framesSi nceTCzero : = Ti neCodeToFrameCount ( initial Ti mreCode );
framesSi nceMapping := floor( (T2-T1)/frameDuration );

total Frames : = franesSi nceTCzero + franesSi nceMappi ng;

ti meCode : = FraneCount ToTi neCode( total Frames );

The SMPTE engi neering gui deline [ SMPTE-EX40] contains all the
appropriate equations, constants, etc. for performng these and ot her
conver si ons.

8. Discussion (Informative)

Thi s design has the advantage of not requiring the introduction of
new | P packets into the sessions or new data into the main data
channel by using | ow bandw dth (vanishingly lowin the case of
streans with no discontinuities), and it is independent of the design
of the RTP packets thenselves: the RTP profile (including possibly
encryption) and the RTP payload format. SMPTE tinme-codes can be
associ ated with any RTP stream including those with existing payl oad
formats.
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10.

It might be argued that we could set the initial mapping also in the
SDP, since RTCP packets might get lost. But this neans that the SDP
now has to have know edge of the RTP random offset, which is nasty;
also, if one puts this RTCP packet into all sender reports, that’'s
probably good enough. Then if you don’'t have tine-codes, you don’'t
have audi o-vi deo-sync either

This specification associates the tine-code with a particular nedia
stream An alternative would be to make it an RTP streamin its own
right; however, the data rate is so low, this seens egregious. By
packing it inline, we can do this backwards-conpatible for gateways,
etc., that already handl e dual - stream

There is no way described in this docunent to detect that an RTCP
packet has been |lost and that a mappi ng nay be being used outside its
i nt ended range.

The design assunes that clients will hold mappings until they are
superseded, and that a client may need to buffer some nunber of
upconi ng mappi ngs.

Security Considerations

SMPTE tine-codes are only informative and there are no known security
consi derations fromassociating themw th nmedia streans.

| ANA Consi der ati ons

The RTCP packet type used for SMPTE tine-codes has been registered,
in accordance with Section 15 of [RFC3550]. | ANA has added a new
value to the RTCP Control Packet types sub-registry of the Real -Tine
Transport Protocol (RTP) Paraneters registry, according to the
foll owi ng dat a:

abbrev. name val ue Ref er ence

SMPTETC SMPTE ti nme-code napping 194 RFC 5484

Additionally, 1 ANA has registered a new extension URI to the RTP
Conpact Header Extensions sub-registry of the Real -Tine Transport
Protocol (RTP) Paraneters registry, according to the foll owi ng data:

Extension URI: urn:ietf:parans:rtp-hdrext:snpte-tc
Descri ption: SMPTE ti ne- code mappi ng

Cont act : si nger @ppl e. com

Ref er ence: RFC 5484
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