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Abst r act

This nmeno describes a Real -tinme Transport Protocol (RTP) payl oad
format for Tined Text Markup Language (TTM.), an XM.-based tinmed text
format from WBC. This payload format is specifically targeted at
stream ng wor kfl ows using TTM..

Status of This Meno
This is an Internet Standards Track document.

Thi s docunent is a product of the Internet Engineering Task Force
(ITETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Goup (IESG. Further information on
Internet Standards is available in Section 2 of RFC 7841

I nformation about the current status of this docunent, any errata,
and how to provide feedback on it may be obtained at
https://ww. rfc-editor.org/info/rfc8759

Copyri ght Notice

Copyright (c) 2020 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunments
carefully, as they describe your rights and restrictions with respect
to this docunent. Code Conponents extracted fromthis docunent nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided without warranty as
described in the Sinplified BSD License.
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I ntroduction

TTML (Ti med Text Markup Language) [TTM.2] is a nedia type for
describing timed text, such as closed captions and subtitles in
tel evi sion workfl ows or broadcasts, as XM.. This docunment specifies

how TTML shoul d be mapped into an RTP streamin stream ng workfl ows,
including (but not restricted to) those described in the tel evision-
br oadcast - ori ent ed European Broadcasting Union Tinmed Text (EBUTT)
Part 3 [ TECH3370] specification. This docunent does not define a
medi a type for TTM. but nmakes use of the existing application/

ttm +xm media type [ TTM.- MTPR] .

1.

2

Conventions and Definitions

Unl ess otherwi se stated, the term "docunent” refers to the TTM.

docunment being transnitted in the payl oad of the RTP packet(s).

The term"word" refers to a data word aligned to a specified nunber
of bits in a conputing sense and not to |inguistic words that m ght
appear in the transported text.

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB8174] when, and only when, they appear in all
capitals, as shown here

Medi a Format Description
Rel ation to O her Text Payl oad Types

Prior payload types for text are not suited to the carriage of closed
captions in television workflows. "RTP Payload for Text
Conversation" [RFC4103] is intended for |ow data rate conversation
with its own session managenent and mininmal formatting capabilities.
"Definition of Events for Mddem Fax, and Text Tel ephony Signals"

[ RFC4734] deals in large parts with the control signalling of
facsimle and other systens. "RTP Payload Format for 3rd Generation
Partnership Project (3GPP) Tinmed Text" [RFC4396] describes the
carriage of a tinmed text format with nuch nore restricted formatting
capabilities than TTM.. The lack of an existing format for TTM. or
generic XM. has necessitated the creation of this payload format.

TTM.2

TTML2 (Timed Text Markup Language, Version 2) [TTM.2] is an XM.-based
mar kup | anguage for describing textual information with associated
timng nmetadata. One of its primary use cases is the description of
subtitles and cl osed captions. A nunber of profiles exist that adapt
TTML2 for use in specific contexts [TTM.-MIPR]. These include both
file-based and stream ng workfl ows.

Payl oad For mat
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In addition to the required RTP headers, the payload contains a
section for the TTML docunent being transmitted (User Data Wrds) and
a field for the length of that data. Each RTP payl oad contai ns one
or part of one TTM. docunent.

A representation of the payload format for TTM. is Figure 1.

0 1 2 3
01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| V=2| P| X] CC M PT | Sequence Number |
B i s T T i i o S o T Ji I
| Ti mest anp |
e L o i T e R th o i R S
| Synchroni zati on Source (SSRC) |dentifier |
i e e R e s o e e b i o i N S T
| Reserved | Lengt h |
B i s T T i i o S o T Ji I

| User Data Words..
e s o i e e R th o i R S

Figure 1: RTP Payl oad Format for TTM
RTP Header Usage

RTP packet header fields SHALL be interpreted, as per [RFC3550], with
the follow ng specifics:

Marker Bit (M: 1 bit
The marker bit is set to "1" to indicate the | ast packet of a
docunent. Oherwise, set to "0". Note: The first packet m ght
al so be the |ast.

Ti mestanp: 32 bits
The RTP Ti mestanp encodes the epoch of the TTM. docunent in User
Data Wrds. Further detail on its usage may be found in
Section 6. The clock frequency used is dependent on the
application and is specified in the nmedia type rate paraneter, as
per Section 11.1. Docunents spread across multiple packets MJST
use the sane tinestanp but different consecutive Sequence Numbers
Sequenti al docunents MJST NOT use the same tinmestanp. Because
packets do not represent any constant duration, the tinestanp
cannot be used to directly infer packet |oss.

Reserved: 16 bits
These bits are reserved for future use and MJST be set to 0x0 and
i gnored upon reception.

Length: 16 bits
The I ength of User Data Wrds in bytes.

User Data Words: The length of User Data Wirds MJST natch the

val ue specified in the Length field
The User Data Wbrds section contains the text of the whole
docunent being transmtted or a part of the docunent being
transmtted. Docunents using character encodi ngs where characters
are not represented by a single byte MIST be serialised in big-
endi an order, a.k.a., network byte order. \Were a docunment wll
not fit within the Path MIU, it may be fragmented across nultiple
packets. Further detail on fragnmentation may be found in
Section 8.

Payl oad Dat a

TTML docunents define a series of changes to text over time. TTM



docunents carried in User Data Wrds are encoded in accordance with
one or nore of the defined TTM. profiles specified in the TTM
registry [TTM.-MIPR]. These profiles specify the docunent structure
used, systens nodels, timing, and other considerations. TTM
profiles may restrict the conplexity of the changes, and operationa
requirenents may limt the maxi mum duration of TTM. docunents by a
depl oynent configuration. Both of these cases are out of scope of
thi s docunent.

Docunents carried over RTP MJUST conformto the followi ng profile, in
addition to any others used.

Payl oad Content Restrictions

This section defines constraints on the content of TTM. docunents
carried over RTP.

Multiple TTML subtitle streans MJUST NOT be interleaved in a single
RTP stream

The TTML docunent instance’s root "tt" elenent in the
"http://ww. w3.org/ns/ttm " nanespace MJST include a "tinmeBase"
attribute in the "http://ww. wW3. org/ ns/ttm #paraneter"” nanmespace
contai ning the val ue "nedi a".

This is equivalent to the TTM.2 content profile definition docunent
in Figure 2.

<?xm version="1.0" encodi ng="UTF-8""?>
<profile xm ns="http://www. W3. org/ ns/ttmn #par aneter”
xmns:ttn="http://ww. w3. org/ ns/ttm #net adat a"
xmns:tt="http://ww. w3.org/ns/ttm "
type="content"
designator="urn:ietf:rfc:8759content”
conbi ne="nost Restrictive">
<features xm :base="http://ww. w3.0org/ns/ttm /feature/">
<tt:netadat a>
<ttm desc>
This docunent is a mnimal TTM.2 content profile
definition docunent intended to express the
m ni mal requirenents to apply when carrying TTM.
over RTP.
</ttm desc>
</tt: et adat a>
<feature val ue="required">#ti neBase- nedi a</ f eat ur e>
<f eat ure val ue="prohi bi t ed" >#ti neBase- snpt e</ f eat ure>
<f eature val ue="prohi bi t ed" >#ti neBase- cl ock</f eat ure>
</ f eat ures>
</profile>

Figure 2: TTM.2 Content Profile Definition for Docunents Carried
over RTP

Payl oad Processi ng Requirenents

This section defines constraints on the processing of the TTM
docunents carried over RTP.

If a TTM. docunent is assessed to be invalid, then it MJST be
di scarded. This includes enpty docunents, i.e., those of zero
I ength. When processing a valid docunment, the follow ng requirenents

appl y.

Each TTML docunent becones active at its epoch EE E MJST be set to
the RTP Timestanp in the header of the RTP packet carrying the TTM
docunent. Conputed TTM. nedia tinmes are offset relative to E, in



accordance with Section I.2 of [TTM.2].

When processing a sequence of TTM. docunents, where each is delivered
in the sane RTP stream exactly zero or one docunent SHALL be

consi dered active at each nonent in the RTP tine line. |In the event
that a docunent D (n-1) with E (n-1) is active, and document D (n) is
delivered with E (n) where E (n-1) < E (n), processing of D (n-1)
MUST be stopped at E (n) and processing of D (n) MJST begin.

When all defined content within a docunment has ended, then processing
of the docunent MAY be stopped. This can be tested by constructing
the intermedi ate synchroni ¢ docunent sequence fromthe docunent, as
defined by [TTM.2]. If the last internmediate synchronic docunent in
the sequence is both active and contains no region elenents, then al
defined content within the docunent has ended.

As described above, the RTP Tinmestanp does not specify the exact
timng of the media in this payload format. Additionally, docunents
may be fragmented across nultiple packets. This renders the RTCP
jitter calcul ation unusable.

6.1. TTM Processor Profile
6.1.1. Feature Extension Designation

Thi s specification defines the followng TTM. feature extension
desi gnati on:

"urn:ietf:rfc:8759#%rtp-rel ative-nedia-tine"
The nanespace "urn:ietf:rfc:8759" is as defined by [ RFC2648].

A TTM. content processor supports the "#rtp-relative-nedia-tine"
feature extension if it processes nedia tines in accordance with the
payl oad processing requirenments specified in this docunent, i.e.,
that the epoch Eis set to the time equivalent to the RTP Ti nmestanp,
as detailed above in Section 6.

6.1.2. Processor Profile Document

The required syntax and semantics declared in the mniml TTM2
processor profile in Figure 3 MIST be supported by the receiver, as
signified by those "feature” or "extension" el ements whose "val ue"
attribute is set to "required".

<?xm version="1.0" encodi ng="UTF-8"?>
<profile xm ns="http://ww. W3. org/ ns/ttmn #par aneter"
xmns:ttm="http://ww. w3. org/ ns/ttm #net adat a"
xmns:tt="http://ww. w3.org/ns/ttm"
type="processor"
designator="urn:ietf:rfc:8759#processor"”
conbi ne="nost Restrictive">
<features xm :base="http://www. w3.org/ns/ttm/feature/">
<tt:netadat a>
<ttm desc>
This docunent is a mninmal TTM.2 processor profile
definition docunent intended to express the
m ni mal requirenents of a TTM. processor able to
process TTM. delivered over RTP according to
RFC 8759.
</ttm desc>
</tt: et adat a>
<feature val ue="required">#ti neBase- nedi a</ f eat ur e>
<feature val ue="optional ">
#profile-full-version-2
</ feature>



</features>
<ext ensions xm :base="urn:ietf:rfc:8759">
<extension restricts="#tineBase-nedi a" val ue="required">
#rtp-relative-nedia-tine
</ ext ensi on>
</ ext ensi ons>
</profile>

Figure 3: TTM.2 Processor Profile Definition for Processing
Docunents Carried over RTP

Note that this requirement does not inply that the receiver needs to
support either TTM.1 or TTM.2 profile processing, i.e., the TTM.2
"#profile-full-version-2" feature or any of its dependent features.

6.1.3. Processor Profile Signalling

The "codecs" nedia type paranmeter MJST specify at | east one processor
profile. Short codes for TTM. profiles are registered at

[ TTM.- MTPR].  The processor profiles specified in "codecs" MJIST be
conpatible with the processor profile specified in this docunent.
Where nultiple options exist in "codecs" for possible processor
profile conbinations (i.e., separated by "|" operator), every
permitted opti on MIUST be conpatible with the processor profile
specified in this docunent. \Where processor profiles (other than the
one specified in this docunent) are advertised in the "codecs"
paraneter, the requirenments of the processor profile specified in
this docunment MAY be signalled, additionally using the "+" operator
with its registered short code.

A processor profile (X) is conpatible with the processor profile
specified here (P) if Xincludes all the features and extensions in P
(identified by their character content) and the "value" attribute of
each is, at least, as restrictive as the "value" attribute of the
feature or extension in P that has the same character content. The
term"restrictive" here is as defined in Section 6 of [TTM.2].

7. Payl oad Exanpl es

Figure 4 is an exanple of a valid TTM. docurment that may be carried
usi ng the payl oad format described in this docunent.

<?xm version="1.0" encodi ng="UTF-8"?>
<tt xm:lang="en"
xm ns="http://ww. w3.org/ns/ttm "
xmns:ttmE"http://ww. w3. org/ ns/ttm #net adat a"
xm ns:ttp="http://ww. w3. org/ ns/ttm #paraneter"
xmns:tts="http://ww.w3.0rg/ns/ttm #styling"
ttp:ti meBase="nedi a"
>
<head>
<met adat a>
<ttmtitle>Tinmed Text TTML Exanple</ttmtitle>
<ttm copyri ght>The Authors (c) 2006</ttm copyright>
</ met adat a>
<styling>
<l--
sl specifies default color, font, and text alignnment
-->
<style xm :id="s1"
tts:color="white"
tts:fontFam | y="proportional SansSeri f"
tts:fontSi ze="100%
tts:textAlign="center"
/>
</styling>



<l ayout >
<region xm:id="subtitl eArea"
styl e="s1"
tts:extent="78% 11%
tts: paddi ng="1% 5%
tts: backgroundCol or =" bl ack"
tts:displayAlign="after"
/>
</l ayout >
</ head>
<body regi on="subtitl eArea">
<di v>
<p xm :id="subtitlel” dur="5.0s" style="sl1">
How truly delightful
</ p>
</ div>
</ body>
</[tt>

Figure 4: Exanple TTM. Docunent
Fragnmentation of TTML Docunents

Many of the use cases for TTM. are low bit-rate with RTP packets
expected to fit within the Path MITU. However, some docunents may
exceed the Path MITU. In these cases, they nay be split between
mul tiple packets. Where fragnentation is used, the follow ng

gui del i nes MUST be fol |l owed:

* It is RECOWENDED that documents be fragmented as sel dom as
possible, i.e., the | east possible nunber of fragnents is created
out of a docunent.

*  Text strings MJST split at character boundaries. This enables
decodi ng of partial docunments. As a consequence, docunent
fragmentation requires know edge of the UTF-8/ UTF-16 encodi ng
formats to determ ne character boundari es.

*  Document fragments SHOULD be protected agai nst packet | osses
More information can be found in Section 9.

When a docunent spans nore than one RTP packet, the entire docunent
i s obtained by concatenating User Data Wrds from each consecutive
contributing packet in ascendi ng order of Sequence Nunber.

As described in Section 6, only zero or one TTM. docunent nay be
active at any point in tine. As such, there MIST only be one
docunent transmtted for a given RTP Timestanp. Furthernore, as
stated in Section 4.1, the marker bit MJST be set for a packet
containing the | ast fragnent of a docunent. A packet foll owi ng one
where the marker bit is set contains the first fragment of a new
docunent. The first fragnent m ght also be the |ast.

Protecti on agai nst Loss of Data

Consi deration nmust be devoted to keeping | oss of docunents due to
packet loss within acceptable limts. Wat is deened acceptable
limts is dependent on the TTM. profile(s) used and use case, anong
other things. As such, specific limts are outside the scope of this
docunent .

Docurents MAY be sent without additional protection if end-to-end
network conditions guarantee that docunent loss will be within
acceptable limts under all anticipated | oad conditions. Were such
guar ant ees cannot be provided, inplenmentations MJST use a mechani sm
to protect against packet loss. Potential mechani sns include Forward
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Error Correction (FEC) [ RFC5109], retransm ssion [ RFC4588],
duplication [ST2022-7], or an equival ent technique.

Congestion Control Considerations

Congestion control for RTP SHALL be used in accordance with [ RFC3550]
and with any applicable RTP profile, e.g., [RFC3551]. "Miltinedia
Congestion Control: Circuit Breakers for Unicast RTP Sessions"

[ RFC8083] is an update to "RTP: A Transport Protocol for Real-tine
Applications" [RFC3550], which defines criteria for when one is
required to stop sending RTP packet streans. Applications

i mpl ementing this standard MJST conply with [ RFC8083], with
particular attention paid to Section 4.4 on Media Usability.

[ RFC8085] provides additional information on the best practices for
appl yi ng congestion control to UDP streans.

Payl oad Format Paraneters

This RTP payload format is identified using the existing application/
ttm +xm media type as registered with ANA [1 ANA] and defined in
[ TTM.- MTPR] .

1. dock Rate

The default clock rate for TTM. over RTP is 1000 Hz. The clock rate
SHOULD be included in any advertisenents of the RTP stream where
possi ble. This paraneter has not been added to the nedia type
definition as it is not applicable to TTM. usage other than within
RTP streams. |In other contexts, timing is defined within the TTM.
docurnent .

When choosing a clock rate, inplenenters should consider what other
media their TTM. streans nmay be used in conjunction with (e.g., video
or audio). 1In these situations, it is RECOWENDED that streans use
the same clock source and clock rate as the related media. As TTM
streans may be aperiodic, inplenmenters should al so consider the
frequency range over which they expect packets to be sent and the
tenmporal resolution required

2. Session Description Protocol (SDP) Considerations

The mapping of the application/ttm +xm nedia type and its paranmeters
[ TTM.- MTPR] SHALL be done according to Section 3 of [RFC4855].

* The type nane "application" goes in SDP "m" as the nedi a nane.

* The media subtype "ttm +xm " goes in SDP "a=rtpnap" as the
encodi hg nane.

* The clock rate also goes in "a=rtpmap" as the clock rate.

Addi tional format-specific paraneters, as described in the nmedia type
specification, SHALL be included in the SDP file in "a=fntp" as a
sem col on-separated |ist of "parameter=value" pairs, as described in
[ RFC4855]. The "codecs" parameter MJST be included in the "a=fntp"
line of the SDP file. Specific requirenents for the "codecs"
paraneter are included in Section 6.1.3.

2.1. Exanples
A sample SDP mapping is presented in Figure 5
mFappl i cati on 30000 RTP/ AVP 112

a=rtpmap: 112 ttm +xm /90000
a=fm p: 112 charset =utf-8; codecs=i n2t
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Figure 5: Exanpl e SDP Mappi ng

In this exanple, a dynam ¢ payl oad type 112 is used. The 90 kHz RTP
timestanp rate is specified in the "a=rtprmap" line after the subtype.
The codecs parameter defined in the "a=fntp" line indicates that the
TTM. data conforms to Internet Media and Captions (I MSC) 1.1 Text
profile [ TTM.-1 MSCL. 1].

| ANA Consi der ati ons
Thi s docunent has no | ANA acti ons.
Security Considerations

RTP packets using the payload format defined in this specification
are subject to the security considerations discussed in the RTP
specification [ RFC3550] and in any applicable RTP profile, such as
RTP/ AVP [ RFC3551], RTP/ AVPF [ RFC4585], RTP/ SAVP [ RFC3711], or RTP/
SAVPF [ RFC5124]. However, as "Securing the RTP Protocol Framework:
Why RTP Does Not Mandate a Single Media Security Solution" [RFC7202]
di scusses, it is not an RTP payload format’s responsibility to

di scuss or mandate what solutions are used to neet the basic security
goals (like confidentiality, integrity, and source authenticity) for
RTP in general. This responsibility Iays on anyone using RTP in an
application. They can find guidance on avail able security nmechani sns
and i nportant considerations in "Options for Securing RTP Sessions”

[ RFC7201]. Applications SHOULD use one or nore appropriate strong
security mechani sms. The rest of this Security Considerations
section discusses the security inpacting properties of the payl oad
format itself.

To avoid potential buffer overflow attacks, receivers should take
care to validate that the User Data Wirds in the RTP payl oad are of
the appropriate length (using the Length field).

Thi s payl oad format places no specific restrictions on the size of
TTML docunents that may be transmtted. As such, nmalicious

i mpl ementations could be used to perform denial -of -service (DoS)
attacks. [RFC4732] provides nore information on DoS attacks and
describes sone mtigation strategies. |Inplementers should take into
consi deration that the size and frequency of docunments transmitted
using this format may vary over time. As such, sender

i npl ement ati ons shoul d avoi d produci ng streans that exhibit DoS-like
behavi our, and receivers should avoid false identification of a

|l egitimate stream as mali ci ous.

As with other XML types and as noted in Section 10 of "XM. Medi a
Types" [RFC7303], repeated expansion of maliciously constructed XM
entities can be used to consune | arge anmounts of menory, which may
cause XM. processors in constrained environnents to fail

In addition, because of the extensibility features for TTM. and of
XM. in general, it is possible that "application/ttm +xm " may
descri be content that has security inplications beyond those

descri bed here. However, TTM. does not provide for any sort of
active or executable content, and if the processor follows only the
normative semantics of the published specification, this content wll
be outside TTM. nanmespaces and nmay be ignored. Only in the case
where the processor recogni zes and processes the additional content
or where further processing of that content is dispatched to other
processors woul d security issues potentially arise. And in that
case, they would fall outside the domain of this RTP payl oad format
and the application/ttm +xm registration docunent.

Al t hough not prohibited, there are no expectations that XM
signatures or encryption would normally be enpl oyed.
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Further information related to privacy and security at a docunent
| evel can be found in Appendix P of [TTM.2].
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