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Abst ract

Thi s docunent specifies the WARP Stream ng Format, designed to
operate on Media Over QUIC Transport.

About Thi s Docunent
This note is to be renoved before publishing as an RFC

The latest revision of this draft can be found at https://nog-

wg. gi t hub. i o/ war p-stream ng-format/ draft-ietf-nog-warp.htnml. Status
information for this docunent may be found at
https://datatracker.ietf.org/doc/draft-ietf-noqg-warp/.

Di scussi on of this docunent takes place on the Media Over QUIC
Working Goup mailing list (mailto:mg@etf.org), which is archived
at https://milarchive.ietf.org/arch/browse/nog/. Subscribe at
https://ww.ietf.org/mailman/listinfo/nog/.

Source for this draft and an issue tracker can be found at
https://github. com nog- wg/ war p- st ream ng-f or mat .

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working documents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.
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1.

I nt roducti on

WARP Streaming Format (WARP) is a nedia format designed to deliver
LCOC [LOC] conpliant nedia content over Media Over QU C Transport
(MOQT) [ MoQTransport]. WARP works by fragnenting the bitstreaminto
obj ects that can be independently transmitted. WARP | everages a
catal og format to describe the output of the original publisher

WARP specifies how content shoul d be packaged and signal ed, defines
how t he catal og communi cates the content, specifies prioritization
strategies for real-tine and workflows for beginning and term nating
broadcasts. WARP al so details how end-subscribers may perform
adaptive bitrate switching. WARP is targeted at real-tine and
interactive levels of live latency, as well as VOD content.

Thi s docunent describes version 1 of the streanmi ng format.
Conventions and Definitions

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] [ RFCB174] when, and only when, they appear in all
capitals, as shown here

Thi s docunent uses the conventions detailed in Section 1.3 of
[ RFC9000] when descri bing the binary encoding.

Scope

The purpose of WARP is to provide an interoperable nedia strean ng
format operating over [MQIransport]. Interoperability inplies that:

* An original publisher can package incom ng nmedia content into
tracks, prepare a catal og and annouce the availability of the
content to a MOQT relay. Media content refers to audio and video
data, as well as ancillary data such as captions, subtitles,
accessibility and other tinmed-text data.

* A MOQT relay can process the annoucenent as well as cache and
propagate the tracks, both to other relays or to the fina
subscri ber.

* A final subscriber can parse the catal og, request tracks, decode
and render the received nedi a data.

WARP is intended to provide a format for delivering comercial nedia
content. To that end, the followi ng features are within scope:
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* Video codecs - all codecs supported by [LOC
* Audi o codecs - all audio codecs supported by [LOC]

* Catalog track - describes the availability and characteristics of
content produced by the original publisher

* Timeline track - describes the relationship between MOQT G oup and
hject IDs to nedia tine.

*  Token-based authorization and access contro

* Captions + Subtitles - support for [WEBVIT] and [I| MSC1]
transm ssi on

* Latency support across multiple reginmes (thresholds are
informative only and descri be the delay between the origina
publ i sher placing the content on the wire and the final subscriber
rendering it)

* Real-time - |less than 500mns

* Interactive - between 500nms and 2500mns

* Standard - above 2500ns

* VOD latency - content that was previously produced, is no |onger
live and is available indefinitely.

* Content encryption

* ABR between time-synced tracks - subscribers may switch between
between tracks at different quality levels in order to maxi m ze
visual or audio quality under fconditions of throughput
variability.

* Capable of delivering interstitial advertising.

* Logs and anal yti cs managenent - support for the reporting of
client-side QOE and relay delivery actions.

Initial verisons of WARP will prioritize basic features necessary to

exercise interoperability across delivery systems. Later versions
wi Il add conmercially necessary features.
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4.

4.

Medi a packagi ng
WARP delivers LOC [LOC] packaged nedi a bitstreans.
1. LOC packaging

Thi s specification references Low Overhead Container (LOC) [LOC] to
define how audi o and video content is packaged. Wth this packagi ng
nmode, each EncodedAudi oChunk or EncodedVi deoChunk sanple is placed in
a separate MOQT Cbject. Sanples that belong to the same G oup of
Pictures (GOP) MUST be placed within the same MOQT G oup

When LOC packaging is used for a track, the catal og packagi ng
attribute (Section 5.2.10) MJST be present and it MJST be popul at ed
with a value of "loc".

4.2. Tinme-alignnent

WARP Tracks MAY be tine-aligned. Those that are, are subject to the
foll owi ng requirements

* Tinme-aligned tracks MJUST be advertised in the catal og as bel ongi ng
to a conmon render group

* The render duration of the first media object of each equally
nunbered MOQT Group, after decodi ng, MJST have overl appi ng
presentation tine.

A consequence of this restriction is that a WARP recei ver SHOULD be
able to cleanly switch between tinme-aligned nedia tracks at group
boundari es.

4.3. Content protection and encryption

5.

ToDo - content protection for LOC packaged content.
Cat al og

A Catalog is a MOQT Track that provides information about the other
tracks being produced by a WARP publisher. A Catalog is used by WARP
publishers for advertising their output and for subscribers in
consuming that output. The payl oad of the Catal og object is opaque
to Relays and can be end-to-end encrypted. The Catal og provides the
nanes and nanespaces of the tracks being produced, along with
therel ati onshi p between tracks, properties of the tracks that
consuners nmay use for selection and any relevant initialization data.

The catal og track MUST have a case-sensitive Track Name of "catal og"

Law, et al. Expi res 23 January 2026 [ Page 6]



I nternet-Draft WARP St ream ng For mat July 2025

A catal og obj ect MAY be independent of other catal og objects or it
MAY represent a delta update of a prior catal og object. The first
cat al og obj ect published within a new group MJST be i ndependent. A
catal og obj ect SHOULD only be published only when the availability of
tracks changes.

Each catal og update MJUST be mapped to a di screet MOQT (bj ect.

5.1. Catalog Fields
A catalog is a JSON [JSON] docunent, conprised of a series of
mandatory and optional fields. At a mininmum a catal og MJST provide
all mandatory fields. A producer MAY add additional fields to the
ones described in this draft. Customfield names MJST NOT collide
with field nanes described in this draft. The order of field nanes
within the JSON docunent is not inportant.
A parser MUST ignore fields it does not understand.

Table 1 provides an overview of all fields defined by this docunent.

[S pesfemmsbemesfesee e esee s ese s espe s es e es el e el e
| Field | Nare | Definition |
| WARP version | version | Section 5.2 |
Tt o m e e e oo - oo o - +
| Delta update | deltaUpdate | Section 5.2.1 |
o e e e e e e oo S S +
| Add tracks | addTracks | Section 5.2.2 |
o o o a o +
| Rerove tracks | renmoveTracks | Section 5.2.3 |
Tt o m e e e oo - oo o - +
| done tracks | cloneTracks | Section 5.2.4 |
o e e e e e e oo S S +
| Generated at | generat edAt | Section 5.2.5 |
o o o a o +
| Tracks | tracks | Section 5.2.6 |
Tt o m e e e oo - oo o - +
| Track nanespace | namespace | Section 5.2.8 |
o e e e e e e oo S S +
| Track nane | nane | Section 5.2.9 |
o o o a o +
| Packagi ng | packagi ng | Section 5.2.10 |
Tt o m e e e oo - oo o - +
| I's Live | isLive | Section 5.2.12 |
o e e e e e e oo S S +
| Track role | role | Section 5.2.11 |
o o o a o +
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| Track | abel | | abel | Section 5.2.13 |
Tt o m e e e oo - oo o - +
| Render group | render G oup | Section 5.2.14 |
o e e e e e e oo S S +
| Alternate group | altGoup | Section 5.2.15 |
o o o a o +
| Initialization data | initData | Section 5.2.16 |
Tt o m e e e oo - oo o - +
| Dependenci es | depends | Section 5.2.17 |
o e e e e e e oo S S +
| Tenporal ID | tenporalld | Section 5.2.18 |
o o o a o +
| Spatial ID | spatialld | Section 5.2.19 |
Tt o m e e e oo - oo o - +
| Codec | codec | Section 5.2.20 |
o e e e e e e oo S S +
| Mne type | m nmeType | Section 5.2.21 |
o o o a o +
| Framerate | framerate | Section 5.2.22 |
Tt o m e e e oo - oo o - +
| Tinmescale | timescale | Section 5.2.23 |
o e e e e e e oo S S +
| Bitrate | bitrate | Section 5.2.24 |
o o o a o +
| Wdth | width | Section 5.2.25 |
Tt o m e e e oo - oo o - +
| Hei ght | hei ght | Section 5.2.26 |
o e e e e e e oo S S +
| Audio sanple rate | sanplerate | Section 5.2.27 |
o o o a o +
| Channel configuration | channel Config | Section 5.2.28 |
Tt o m e e e oo - oo o - +
| Display width | displayWdth | Section 5.2.29 |
o e e e e e e oo S S +
| Display height | displayHeight | Section 5.2.30 |
o o o a o +
| Language | lang | Section 5.2.31 |
Tt o m e e e oo - oo o - +
| Parent name | parent Nane | Section 5.2.32 |
o e e e e e e oo S S +
| Track duration | trackDuration | Section 5.2.33 |
o o o a o +
Table 1

Table 2 defines the allowed | ocations for these fields within the
docunent
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| Location | Allowed locations for the field

[} gy g —_—(———(—————(———————————(—————r L

| R | The Root of the JSON object |

Focmmnaaann . +

| T | Track object |

T T T +
Tabl e 2

5.2. WARP version
Location: R Required: Yes JSON Type: Nunber
Specifies the version of WARP referenced by this catalog. There is
no guarantee that future catal og versions are backwards conpati bl e
and field definitions and interpretation may change between versi ons.
A subscriber MJUST NOT attenpt to parse a catalog version which it
does not under st and.

5.2.1. Delta update
Location: R Required: Optional JSON Type: Bool ean
A Boolean that if true indicates that this catal og object represents
a delta (or partial) update. A delta update has a restricted set of
fields and special processing rules - see Section 5.3. This value
SHOULD NOT be added to a catalog if it is false.

5.2.2. Add tracks
Location: R Required: Optional JSON Type: Array

I ndicates a delta processing instruction to add new tracks. The
value of this field is an Array of track objects Section 5.2.7.

5.2.3. Renove tracks
Location: R Required: Optional JSON Type: Array
I ndicates a delta processing instruction to renove new tracks. The
value of this field is an Array of track objects Section 5.2.7. Each
track object MUST include a Track Nanme Section 5.2.9 field, MY

include a Track Namespace Section 5.2.8 field and MJUST NOT hol d any
ot her fields.
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5.2.4. done tracks
Location: R Required: Optional JSON Type: Array
I ndicates a delta processing instruction to clone new tracks from
previously declared tracks. The value of this field is an Array of
track objects Section 5.2.7. Each track object MJST include a Parent
Nanme Section 5.2.32 field.

5.2.5. Generated at
Location: R Required: Optional JSON Type: Nunber
The wal I cl ock time at which this catal og i nstance was generated,
expressed as the nunber of mlliseconds that have el apsed since
January 1, 1970 (midnight UTC/ GMI). This field SHOULD NOT be
included if the isLive field is fal se.

5.2.6. Tracks
Location: R Required: Yes JSON Type: Array
An array of track objects Section 5.2.7.

5.2.7. Tracks object

A track object is JSON bject containing a collection of fields whose
| ocation is specified 'T in Table 2

5.2.8. Track nanespace
Location: T Required: Optional JSON Type: String
The nane space under which the track nane is defined. See section
2.3 of [MoQTransport]. The track nanespace is optional. If it is
not declared within a track, then each track MJST inherit the
nanespace of the catal og track. A namespace declared in a track
obj ect overwites any inherited name space.

5.2.9. Track name
Location: T Required: Yes JSON Type: String
A string defining the nane of the track. See section 2.3 of

[ MoQTransport]. Wthin the catal og, track names MJST be uni que per
namespace
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5.2.10. Packagi ng
Location: T Required: Yes JSON Type: String

A string defining the type of payl oad encapsul ation. Allowed val ues
are strings as defined in Table 3.

Table 3: All owed packagi ng val ues

+o—ooooo-oo+4 o4 oo ——————=—=+4
| Nare | Val ue | Reference |
[ e el e e g s
| LOC | 1oc | See RFC XXXX |
R i R i i +
| Tinmeline | tineline | See Section 7 |
F--- - - F--- - - i I +
Table 3

5.2.11. Track role
Location: T Required: Optional JSON Type: String
A string defining the role of content carried by the track. Reserved
roles are described in Table 4. These role values are case-

sensitive

This role field MAY be used in conjunction with the M netype
Section 5.2.21 to fully describe the content of the track

Tabl e 4: Reserved track rol es
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| Role | Description |
[} g ——————— Ll —p—_—————————————r
| audi odescription | An audio description for |
| | visually inmpaired users |
e e +
| video | Visual content |
Fom e e e oo o e e e e e e oo o +
| audio | Audi o content |
o e e e e oo oo o e m e e e e e oo +
| tinmeline | A WARP tineline |
| | Section 7 |
IR e T e +
| caption | A textual representation |
| | of the audio track |
o e e e e oo oo o e m e e e e e oo +
| subtitle | A transcription of the |
| | spoken dial ogue |
IR T e +
| signl anguage | A visual track for |
| | hearing inpaired users. |
o e e e e oo oo o e m e e e e e oo +

Table 4

Custom rol es MAY be used as long as they do not collide with the
reserved rol es.

5.2.12. Is Live
Location: T Required: Required JSON Type: Bool ean
True if new Objects will be added to the track. False if no new
ojects will be added to the track. This is sent under two possible
conditions: * the publisher of a previously live track has ended the
track. * the track is Video-On-Denand (VOD) and was never |ive.
5.2.13. Track | abel
Location: TF Required: Optional JSON Type: String
A string defining a human-readabl e | abel for the track. Exanples

nm ght be "Overhead canera view' or "Deutscher Kommentar". Note that
the [JSON] spec requires UTF-8 support by decoders.
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5.2.14. Render group
Location: T Required: Optional JSON Type: Nunber

An integer specifying a group of tracks which are designed to be
rendered together. Tracks with the sane group nunber SHOULD be
rendered simultaneously, are usually time-aligned and are designed to
acconpany one another. A common exanple would be tying together
audi o and vi deo tracks.

5.2.15. Alternate group
Location: T Required: Optional JSON Type: Nunber

An integer specifying a group of tracks which are alternate versions
of one-another. Alternate tracks represent the sanme nedia content,
but differ in their selection properties. Aternate tracks SHOULD
have matching framerate Section 5.2.22 and nedia tine sequences. A
subscriber typically subscribes to one track froma set of tracks
speci fying the sane alternate group nunber. A common exanpl e woul d
be a set video tracks of the same content offered in alternate
bitrates.

5.2.16. Initialization data
Location: T Required: Optional JSON Type: String

A string hol di ng Base64 [ BASE64] encoded initialization data for the
track.

5.2.17. Dependenci es
Location: T Required: Optional JSON Type: Array
Certain tracks nay depend on other tracks for decoding. Dependencies
hol ds an array of track names Section 5.2.9 on which the current
track is dependent. Since only the track name is signaled, the
nanespace of the dependencies is assumed to match that of the track
decl aring the dependenci es.

5.2.18. Tenporal ID
Location: T Required: Optional JSON Type: Nunber
A nunber identifying the tenporal |ayer/sub-layer encoding of the

track, starting with O for the base layer, and increasing w th higher
tenmporal fidelity.
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5.2.19. Spatial ID
Location: T Required: Optional JSON Type: Nunber
A nunber identifying the spatial |ayer encoding of the track,
starting with O for the base |ayer, and increasing w th higher
fidelity.

5.2.20. Codec
Location: T Required: Optional JSON Type: String
A string defining the codec used to encode the track. For LCC
packaged content, the string codec registrations are defined in Sect
3 and Section 4 of [WEBCODECS- CODEC- REG STRY] .

5.2.21. M netype
Location: T Required: Optional JSON Type: String
A string defining the mne type [M Mg of the track.

5.2.22. Franerate
Location: T Required: Optional JSON Type: Nunber

A nunber defining the video framerate of the track, expressed as
franmes per second.

5.2.23. Timescale

Location: T Required: Optional JSON Type: Nunber

The nunber of time units that pass per second.
5.2.24. Bitrate

Location: T Required: Optional JSON Type: Nunber

A nunber defining the bitrate of track, expressed in bits per second.
5.2.25. Wdth

Location: T Required: Optional JSON Type: Nunber

A nunber expressing the encoded wi dth of the video franmes in pixels.
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5.2.26. Height

Location: T Required: Optional JSON Type: Nunber

A nunber expressing the encoded hei ght of the video franes in pixels.
5.2.27. Audio sanple rate

Location: T Required: Optional JSON Type: Nunber

The nunber of audio franme sanples per second. This property SHOULD
only acconpany audi o codecs.

5.2.28. Channel configuration
Location: T Required: Optional JSON Type: String
A string specifying the audi o channel configuration. This property
SHOULD only acconpany audi o codecs. A string is used in order to
provide the flexibility to describe conplex channel configurations
for multi-channel and Next Generation Audi o schenas.

5.2.29. Display width
Location: T Required: Optional JSON Type: Nunber

A nunber expressing the intended display width of the track content
in pixels.

5.2.30. Display height
Location: T Required: Optional JSON Type: Nunber

A nunber expressing the intended display height of the track content
in pixels.

5.2.31. Language
Location: T Required: Optional JSON Type: String

A string defining the dom nant |anguage of the track. The string
MUST be one of the standard Tags for ldentifying Languages as defined

by [ LANG .
5.2. 32. Parent nane

Location: T Required: Optional JSON Type: String
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A string defining the parent track nane Section 5.2.9 to be cloned.
This field MIST only be included inside a Cone tracks Section 5.2.4
obj ect .

5.2.33. Track duration
Location: T Required: Optional JSON Type: Nunber

The duration of the track expressed in integer mlliseconds. This
field MUST NOT be included if the isLive Section 5.2.12 field val ue
is fal se.

5.3. Delta updates

A catal og update m ght contain increnmental changes. This is a usefu
property if many tracks may be initially declared but then there are
smal | changes to a subset of tracks. The producer can issue a delta
update to describe these changes. Changes are descri bed
incrementally, neaning that a delta update can itself nodify a prior
del ta update.

A restricted set of operations are allowed with each delta update: *
Add a new track that has not previously been declared. * Add a new
track by cloning a previously declared track. * Renobve a track that
has been previously decl ared.

The following rules are to be followed in constructing and processing
del ta updates

* A delta update MJUST include the Delta Update Section 5.2.1 field
set to true

* A delta update catal og MIST contain at |east one instance of Add
tracks Section 5.2.2, Renpve tracks Section 5.2.3 or Clone Tracks
Section 5.2.4 fields and MAY contain nore. |t MJST NOT contain an
instance of a Tracks Section 5.2.6 field or a WARP versi on
Section 5.2 field.

* The Add, Delete and Cl one operations are applied sequentially in
the order they are declared in the docunent. Each operation in
the sequence is applied to the target docunent; the resulting
docunent becones the target of the next operation. Evaluation
continues until all operations are successfully applied.

* A Coned track inherits all the attributes of the track defined by
the Parent Nane Section 5.2.32, except the Track Nanme whi ch MUST
be new. Attributes redefined in the cloning Cbject overwite
i nherited val ues.
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* The tuple of Track Namespace and Track Name defines a fixed set of
Track attributes which MJUST NOT be nodified after being decl ared.
To nodify any attribute, a newtrack with a different
Nanmespace| Nane tuple is created by Adding or C oning and then the
old track is renoved.

5.4. Catal og Exanpl es

The foll owi ng section provides non-normative JSON exanpl es of various
catal ogs conpliant with this draft.

5.4.1. Tinme-aligned Audi o/Video Tracks with single quality

Thi s exanpl e shows a catalog for a nedia producer capable of sending
LCC packaged, tine-aligned audio and video tracks.

{

"version": 1,

"generatedAt": 1746104606044,

"tracks": [

{

"nane": "1080p-vi deo",
"nanmespace": "conference. exanpl e. coni conferencel23/alice",
"packagi ng": "loc",
"isLive": true,
"role": "video",
"render G oup": 1,
"codec":"av01. 0. 08M 10. 0. 110. 09",
"wi dt h": 1920,
"hei ght": 1080,
"franmerate": 30,
"bitrate": 1500000

"name": "audi 0",

"namespace": "conference. exanpl e. coni conferencel23/alice",
"packagi ng": "loc",

"isLive": true,

"role": "audio",

"render G oup": 1,

"codec": "opus",

"sanpl erat e": 48000,

"channel Config":"2",

"bitrate": 32000
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5.4.2. Simulcast video tracks - 3 alternate qualities along with audio

Thi s exanpl e shows catal og for a nedi a producer capable of sending 3
time-aligned video tracks for high definition, |ow definition and
medi um definition video qualities, along with an audio track. In
thi s exanpl e the nanespace is absent, which infers that each track
must inherit the nanespace of the catal og.

{
"version": 1,
"generatedAt": 1746104606044,

"tracks": [
{

"nanme": "hd",
"render G oup": 1,
"packagi ng": "loc",
"isLive": true,
"role": "video",
"codec":"av01l",
"wi dt h": 1920,

"hei ght": 1080,
"bitrate": 5000000,
"framerate": 30,
"altGoup":1

"name": "md",
"render G oup": 1,
"packagi ng": "loc",
"isLive": true,
"role": "video",
"codec":"av01",

"wi dt h": 720,

"hei ght ": 640,
"bitrate": 3000000,
"franerate": 30,
"altGoup":1

"name": "sd",
"render Goup": 1,
"packagi ng": "loc",
"isLive": true,
"role": "video",
"codec":"av01l",
"width":192,

"hei ght": 144,
"bitrate": 500000,
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"franmerate": 30
"altGoup":1

"nanme": "audio",
"render Goup": 1,
"packagi ng": "loc",
"isLive": true,
"role": "audio",
"codec": "opus",
"sanpl erat e": 48000,
"channel Config":"2",
"bitrate": 32000

}

]

}

5.4.3. SVCvideo tracks with 2 spatial and 2 tenporal qualities
Thi s exanpl e shows catal og for a nedia producer capable of sending

scal abl e video codec with 2 spatial and 2 temporal |ayers with a
dependency rel ati on as shown bel ow

S R +
R >| S1T1 |
| | 1080p30 |
| S +
| N
I I

- + |

| S1TO | |

| 1080p15 | |

S + +--- - - +----+

A | SOri |
| | 480p30 |
| - +
| N

Fomm e e e oo + |

| SOTO | |

| 480p15 [--------- +

S R +

The correspondi ng catal og uses "depends" attribute to express the
track rel ati onshi ps.
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{
"version": 1,
"generatedAt": 1746104606044,

"tracks": [
{

"nanme": "480pl5",
"namespace": "conference. exanpl e. coni conferencel23/alice",
"render G oup": 1,
"packagi ng": "l oc",
"isLive": true,
"role": "video",
"codec":"av01l. 0. 01M 10. 0. 110. 09",
"wi dt h": 640,
"hei ght ": 480,

"bitrate": 3000000,
"franmerate": 15

"name": "480p30",

"namespace": "conference. exanpl e. coni conferencel23/alice",
"render G oup": 1,

"packagi ng": "loc",

"isLive": true,

"role": "video",
"codec":"av01.0.04M 10. 0. 110. 09",
"wi dt h": 640,

"hei ght ": 480,

"bitrate": 3000000,

"framerate": 30,

"depends": ["480pl1l5"]

"pame": "1080pl5",

"nanmespace": "conference. exanpl e. conif conferencel23/alice",
"render Group": 1,

"packagi ng": "loc",

"isLive": true,

"role": "video",
"codec":"av01.0.05M 10. 0. 110. 09",
"wi dt h": 1920,

"hei ght": 1080,

"bitrate": 3000000,

"franerate": 15,
"depends":["480p15"]

name": "1080p30",
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"namespace": "conference. exanpl e. coni conferencel23/alice",
"render G oup": 1,

"packagi ng": "l oc",

"isLive": true,

"role": "video",

"codec":"av01l. 0. 08M 10. 0. 110. 09",
"wi dt h": 1920,

"hei ght": 1080,

"bitrate": 5000000,

"framerate": 30,

"depends": ["480p30", "1080pl5"]

"name": "audi 0",

"namespace": "conference. exanmpl e. coni conferencel23/alice",
"render G oup": 1,

"packagi ng": "loc",

"isLive": true,

"role": "audi 0",

"codec": "opus",

"sanpl er at e": 48000,

"channel Config":"2",

"bitrate": 32000

}

5.4.4. Delta update - adding two tracks
Thi s exanpl e shows the catal og delta update for a nedia producer

adding two tracks to an established video conference. One track is
new y declared, the other is cloned froma previous track.
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"del taUpdate": true,
"generatedAt": 1746104606044,
"addTracks": |

{
"nanme": "slides",
"isLive": true,
"role": "video",
"codec": "av01.0.08M 10.0. 110. 09",
"width": 1920,
"hei ght": 1080,
"franerate": 15,
"bitrate": 750000,
"render G oup": 1

}

I,
"cl oneTracks": [

{
"parent Nane": "vi deo-1080",
"nanme": "video-720",
"wi dt h": 1280,
"hei ght": 720,
"bitrate": 600000

}

}

5.4.5. Delta update renoving tracks

Thi s exanpl e shows a delta update for a nedia producer renpving two
tracks froman established video conference.

"del taUpdate": true,
"generatedAt": 1746104606044,
"removeTracks": [{"nanme": "video"},{"nanme": "slides"}]

}

5.4.6. Tinme-aligned Audio/Video Tracks with customfield val ues
Thi s exanpl e shows catal og for a nedi a producer capable of sending

LOC packaged, tine-aligned audio and video tracks along with custom
fields in each track description.
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{

"version": 1,

"generatedAt": 1746104606044,

"tracks": [

{

"nanme": "1080p-vi deo",
"namespace": "conference. exanpl e. coni conferencel23/alice",
"packagi ng": "l oc",
"isLive": true,
"role": "video",
"render Goup": 1,
"codec":"av01l. 0. 08M 10. 0. 110. 09",
"wi dt h": 1920,
"hei ght": 1080,
"framerate": 30,
"bitrate": 1500000,
"com exanpl e-bi | l'i ng-code": 3201,
"com exanpl e-tier": "premuni,
"com exanpl e-debug": "h349835bf kj f g82394d945034j sdf n349f ns"

"name": "audi 0",
"nanmespace": "conference. exanpl e. coni conferencel23/alice",
"packagi ng": "loc",
"isLive": true,
"role": "audio",
"render G oup": 1,
"codec": "opus",
"sanpl erat e": 48000,
"channel Config":"2",
"bitrate": 32000

}

]
}

5.4.7. Tinme-aligned VOD Audi o/ Vi deo Tracks
Thi s exanpl e shows catal og for a nedia producer offering VOD (video

on-demand) non-live content. The content is LOC packaged, and
includes tinme-aligned audi o and video tracks.
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{
"version": 1,
"tracks": [
{

"nane": "video",
"namespace": "novies. exanpl e. conf asset s/ boy-neet s-girl - season3/ epi sode5",
"packagi ng": "loc",
"isLive": fal se,
"trackDuration": 8072340,
"render G oup": 1,
"codec":"av01l. 0. 08M 10. 0. 110. 09",
"wi dt h": 1920,
"hei ght": 1080,
"franmerate": 30,
"bitrate": 1500000

"name": "audi 0",

"namespace": "novies. exanpl e. conf asset s/ boy-neet s-gi rl - season3/ epi sode5",
"packagi ng": "l oc",

"isLive": fal se,

"trackDuration": 8072340,

"render Group": 1,

"codec": "opus",

"sanpl erat e": 48000,

"channel Config":"2",

"bitrate": 32000

6. Medi a transm ssi on

The MOQT Groups and MOQT Objects need to be mapped to MOQT Streans.
Irrespective of the Section 4 in place, each MOQT Object MJIST be
mapped to a new MOQT Stream

6.1. G oup nunbering

The Goup ID of the first Group published in a track at application
startup MJUST be a unique integer that will not repeat in the future.
One approach to achieve this is to set the initial Goup IDto the
creation tinme of the first Object in the group, represented as the
nunber of milliseconds since the Unix epoch, rounded to the nearest
mllisecond. This ensures that republishing the same track in the
future, such as after a | oss of connectivity or an encoder restart,
will not result in smaller or duplicate Goup IDs for the same track
nane. Note that this nmethod does not prevent duplication if nore
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than 1000 groups are published per second.
Each subsequent G oup I D MJIST increase by 1.

If a publisher is able to naintain state across a republish, it MJST
signal the gap in Goup IDs using the MOQT Prior Goup ID Gap
Ext ensi on header.

7. Tinmeline track

The tineline track provides data about the previously published
groups and their relationship to wallclock tine, nedia tinme and
associ ated tinmed-nmetadata. Tineline tracks allow players to seek to
preci se points behind the live head in a |ive broadcast, or for
random access in a VOD asset. A tineline track mght also be used to
insert events at nedia tines which do not correlate with Object
boundaries. Tineline tracks are optional. Miltiple tineline tracks
can exi st inside a catal og.

7.1. Timeline track payl oad

The payload of a tineline track is a UTF-8 encoded CSV text file.
This payload is formatted according to RFC4180 " Comopn Format and

M ME Type for Conma- Separated Values (CSV)" Files [ RFC4180]. The
separator is a conma and each line is separated by a carriage return.
The nmine-type of a timeline track MIST be specified as "text/csv" in
the cat al og.

Each tineline track begins with a header row of
MEDI A PTS, GROUP_I D, OBJECT I D, WALLCLOCK, METADATA. Thi s row defi nes
the 5 colums of data within each record.

* MEDIA PTS: a nedia tinestanp rounded to the nearest mllisecond.
This entry MJUST NOT be enpty. |If the OGhject ID entry is present,
then this value MUST match the nedia presentation tinestanp of the
first media sanple in the referenced Object.

* GROUP_ID: the MOQT Group ID. This entry MAY be enpty.

* OBJECT_ID: the MOQT nject ID. This entry MAY be enpty.

* WALLCLOCK: the wallclock tine at which the nedia was encoded,
expressed as the number of milliseconds that have el apsed since

January 1, 1970 (m dnight UTC/GMI). For VOD assets, or if the
wal | clock tinme is not known, the value SHOULD be O.

Law, et al. Expi res 23 January 2026 [ Page 25]



I nternet-Draft WARP St ream ng For mat July 2025

* METADATA: a flexible field holding arbitrary string netadata.
This field my be enpty. |If not enpty, it MJIST be enclosed in
doubl e quotes. A doubl e-quote appearing inside this field MIST be
escaped by preceding it with another doubl e quote.

7.2. Tinmeline Catal og requirenents

Atimeline track MIUST carry a '"type’ identifier in the Catalog with a
value of "tinmeline". A tineline track MIST carry a ’dependes’
attribute which contains an array of all track names to which the
tinmeline track appli es.

7.3. Timeline track updati ng.

The publisher MJST publish a conplete tineline in the first MOQr

oj ect of each MOQT Group of a tineline track. The publisher MAY
publish incremental updates in the second and subsequent bjects
within each GROUP. Increnental updates only contain tineline events
since the last tineline Cbject. G oup duration SHOULD not exceed 30
seconds inside a tineline track.

8. Workfl ow

A WARP publ i sher MJST publish a catal og track object before
publi shing any nedia track objects.

At the completion of a session, a publisher MJST publish a catal og
update that renoves all currently active tracks. This action SHOULD
be interpreted by receivers to nean that the publish session is
conpl et e.

9. Security Considerations
ToDo

10. | ANA Consi derations
Thi s docunent creates a new entry in the "MdQ Stream ng Format"
Regi stry (see [MQIransport] Sect 8). The type value is 0x001, the
nane is "WARP Streanmng Format" and the RFC is XXX
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