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Abst ract

Thi s specification describes a Low Overhead Medi a Contai ner (LOC)
format for encoded and encrypted audi o and video nedia data to be
used primarily for interactive Media over QU C Transport (MOQT). It
may be used in the WARP streani ng specification, which defines a
catalog format for publishers to annouce and describe their LOC
tracks and for subscribers to consune them Exanples are also

provi ded for building nmedia applications using LOC and MOQT.

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. github.io/loc/draft-ietf-nmog-loc.htm . Status information for
this docunment may be found at https://datatracker.ietf.org/doc/draft-
i etf-nmog-1oc/.

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/ | oc.

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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Internet-Drafts are draft documents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 8 January 2026
Copyright Notice

Copyright (c) 2025 | 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 Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
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1. Introduction

Thi s specification describes a | owoverhead nedi a contai ner (LOC)
format for encoded and encrypted audi o and vi deo nedi a dat a.

"Low overhead" refers to nminimal extra encapsulation as well as
m ni mal application overhead when interfacing with WbCodecs
[ WebCodecs] .

The container format description is specified for all audio and video
codecs defined in the WbCodecs Codec Registry

[ WEBCODECS- CODEC- REA STRY]. The audi o and video payload bitstreamis
identical to the "internal data" inside an EncodedAudi oChunk and
EncodedVi deoChunk, respectively, specified in the registry.

(Note: Do we need to support tinmed text tracks such as Web Vi deo Text
Tracks (WebVTT) ?)

In addition to the medi a payl oads, critical netadata is al so
specified for audio and video payloads. (Note: Align wth MOQT
term nol ogy of either "netadata" or "header".)

A primary nmotivation is to align with media formats used in WbCodecs
to mnimze extra encapsul ati on and application overhead when
interfacing with WebCodecs. Oher container formats |ike CVAF or RTP
woul d require nore extensive application overhead in format
conversions, as well as larger encapsultion overhead whi ch may burden
sone use cases like low bitrate audi o scenari os.

Thi s specification can al so be used by applications outside the
context of WebCodecs or a web browser. While the nedia payl oads are
defined by referring to the "internal data" of an EncodedAudi oChunk
or EncodedVi deoChunk in the WebCodecs Codec Registry, this "interna
data" is the elenmentary bitstream format of codecs without any
encapsul ation. Referring to the WebCodecs Codec Registry avoids
duplicating it in an identical | ANA registry.

* Section 2 defines the core nedia payl oad fornats.
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* Section 2.3 defines the netadata associated with audi o and vi deo
payl oads.

* Section 3 defines the usage of end-to-end encrypted LOC payl oads.

* Section 4 provides exanples with details for building audio and
vi deo applications using LOC over MOQ

1.1. Requirenents Notation and Conventions

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here

1.2. Term nol ogy

Track, G oup, Subgroup, Object, and their corresponding identifiers
(ID or alias) are defined in [ MQIransport] and used here to refer to
those aspects of the MOQT Cbject Model

2. Payl oad Format

The WebCodecs Codec Registry defines the contents of an

EncodedAudi oChunk and EncodedVi deoChunk for the audi o and vi deo codec
formats in the registry. The "internal data"” in these chunks is used
directly in this specification as the "LOC Payl oad" bitstream This
"internal data" is the elenentary bitstream format of each codec

wi t hout any encapsul ati on.

2.1. Video Payl oad Format

For video formats with nultiple bitstreamformats in the WbCodecs
Regi stry, such as H. 264/ AVC or H. 265/ HEVC, the LOC Payl oad can use
either the "canonical" format ("avc" or "hevc") often used in storage
containers like MP4 / 1SO BMFF, or the "annexB" format used in sone
non- MP4 applications. These formats differ in how they carry
initialization and configuration information called paraneter sets as
wel |l as how parts of a video frane are delimted with length prefixes
or start codes.

2.1.1. Paraneter Sets |In Payl oad
Par aneter sets can be sent in the bitstream payl oad before key
frames, simlar to "annexB" formats. Newer "canonical" formats such

as "avc3" and "hev1l" codec strings also support paraneter sets in the
bi t stream payl oad or outside it in "extradata" netadata headers
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2.1.2. Paraneter Sets in Headers

Par anmet er sets can be sent in headers before key franes, as described
in the Config LOC Header Extension Section 2.3.2.1, simlar to the
original "canonical" formats such as "avcl" and "hvcl" codec strings.
The Config contents are the "extradata" bytes defined by the
correspondi ng codec specification, which map to the WbCodecs

Vi deoDecoder Confi g description property in the

EncodedVi deoChunkMet adat a.

2.1.3. Length Prefixes in Payl oad

A 4-byte length prefix can be sent before each NAL Unit, simlar to
"canoni cal" ("avc" or "hevc") formats. A length value of 1 should be
interpreted as a start code rather than a length. The length is in
network byte order, i.e. big endian, and SHOULD be 4 bytes long to

di sanbi guate fromstart code prefixes. A length prefix |less than 4
bytes long, which is uncommon, MAY be specified in the Config

Section 2.3.2.1.

2.1.4. Start Code Prefixes in Payl oad

A 4-byte start code can be sent before each NAL Unit, sinmilar to
"annexB" formats. The start code value is 1 in network byte order,
i.e. big endian, and SHOULD be 4 bytes long to di sanbi guate from

Il ength prefixes. A 3-byte start code, which is uncomon, MAY be used
if the track never uses length prefixes or any Config

Section 2.3.2.1.

2.2. MOQ Object Mapping

An application object when transported as a [ MoQTransport] object is
composed of a MOQ (hject Header, with optional Extensions, and a

Payl oad. Medi a objects encoded using the container fornat defined in
this specification populate the MOQ Cbject Payload with the LOC

Payl oad, and the MOQ Obj ect Header Extensions with the LOC Header

Ext ensi ons, as shown bel ow.

The LOC Payload is the "internal data" of an EncodedAudi oChunk or
EncodedVi deoChunk.

The LOC Header Extensions carry optional nmetadata related to the
Payl oad.
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S MOQ Qoject  ------------ >
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MOQ |  MOQ Header | MOQ
| Header | Extensions | Payload |
S oo s Fom e +
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I I
S N +
| LOC Header | LCC |
| Extensions | Payload |
oo s Fom e +

LCOC Header Extensions = sone MOQ Obj ect Header Extensions
LCC Payl oad = all MOQ hject Payl oad
LCC Payl oad = "internal data" of EncodedAudi o/ Vi deoChunk

2.3. LOC Header Extensions

The LOC Header Extensions carry optional metadata for the

correspondi ng LOC Payl oad. The LOC Header Extensions are contained
within the MOQ Obj ect Header Extensions. This netadata provides
necessary information for end subscribers, relays and other
intermediaries to performtheir operations w thout accessing the

medi a payl oad. For exanple, nedia switches can use this nmetadata to
performtheir media swtching decisions without accessing the payl oad
whi ch may be encrypted end-to-end (from original publisher to end
subscri bers).

The foll owi ng sections define specific netadata as LOC Header
Extensi ons and register themin the | ANA registry for MOQ hj ect
Header Extensi ons.

O her specifications can define other netadata as LOC Header
Extensi ons and register themin the sanme registry. Each extension
must specify the following information in the | ANA registry.

* Name: Short name for the nmetadata (not sent on the wre)

* Description: Detail ed description (not sent on the wire)

* |ID ldentifier assigned by the registry (varint)

* Length: Length of netadata Value in bytes (varint if IDis odd,
omtted if IDis even)

* Value: Value of netadata (varint if IDis even, Length bytes if ID
i s odd)
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2.3.1. Common Header Data
2.3.1.1. Capture Tinestanp
* Nane: Capture Tinestanp

* Description: Wall-clock tine in microseconds since the Unix epoch
when the encoded media frane was captured, encoded as a varint.

* |ID 2 (IANA, please assign fromthe MOQ Header Extensions
Regi stry)

* Length: Varies (1-8 bytes)
* Val ue: Varies
2.3.2. Video Header Data
2.3.2.1. Video Config
*  Name: Video Config
* Description: Video codec configuration "extradata", as defined by
t he correspondi ng codec specification, which maps to the WebCodecs
Vi deoDecoder Confi g description property in the
EncodedVi deoChunkMet adat a.

* |ID 13 (I ANA, please assign fromthe MOQ Header Extensions
Regi stry)

* Length: Varies
* Val ue: Varies
2.3.2.2. Video Frane Marking
* Nane: Video Frame MarKking
* Description: Flags for video frames which are independent,
di scardabl e, or base |layer sync points, as well as tenporal and
spatial layer identification, as defined in [RFC9626], encoded in

the least significant bits of a varint.

* ID 4 (IANA, please assign fromthe MOQ Header Extensions
Regi stry)

* Length: Varies (1-4 bytes)
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* Value: Varies
2.3.3. Audio Header Data
2.3.3.1. Audio Level
*  Nane: Audio Level
* Description: The magnitude of the audio | evel of the corresponding
audio frane as well as a voice activity indicator as defined in
section 3 of [RFC6464], encoded in the |east significant 8 bits of

a varint.

* ID 6 (IANA, please assign fromthe MOQ Header Extensions
Regi stry)

* Length: Varies (1-2 bytes)
* Value: Varies

3. Payl oad Encryption
When end to end encryption is supported, the encoded payload is
encrypted with synmetric keys derived from key establishnent
mechani sms, such as [ MOQ MLS], and the payload itself is protected
usi ng mechani sns defined in [ Secure(bjects].

4. Exanpl es
This section provides exanples with details for building audio and
vi deo applications using MOQ and LOC, nore specifically, it provides
i nformati on on:
* Using a WARP catal og [ MoQCat al og] to describe track information,

* Packaging nmedia into LOC stream ng format, and

*  Mapping application nmedia objects to the MOQT obj ect nmodel and
transport.

The figure bel ow shows the conceptual nodel for napping nedia

application data to the MOQT object nodel and underlying QU C
transport.
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| Medi a Application |
| Audi o, Video Franes |

MOQT Obj ect Mbdel |
| Tracks, G oups, Subgroups, Objects |

R o e e e o - +
I
I

I I I Vemmm s e s e e e e - +

I QI C I

| Streans, Datagrans |

o e e e e e e o - +

4.1. Application with one audio track

An exanpl e is shown bel ow for an Qpus mono channel audio track at
48Khz.

codec: "opus"
bitrate: 24000

sampl erate: 480000
channel Config: "nono"
| ang: "en”

When ready for publishing, each encoded audi o chunk, say 10ns,
represents a MOQT Object. |In this setup, there is one MOQI hj ect
per MOQT G oup, where the GrouplD in the object header is increnent
by one for each encoded audi o chunk and the ObjectIDis defaulted to
val ue 0.

These objects can be sent as QU C streans or datagranms. Wen napped
to QUI C datagrans, each object nust fit entirely within a QUC

dat agram and when mapped to QU C Streans, each such unitary group is
sent over an individual unidirectional QU C streamsince there is
just one SubG oup per each MOQIr G oup.

4.2. Application with one single quality video track

An exampl e is shown bel ow for an H. 264 video track with 1280x720p
resolution and 30 fps frane rate at 1 Mips bitrate.
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codec: "avc3.42E01E"
bitrate: 1000000
framerate: 30

wi dt h: 1280

hei ght: 720

When ready for publishing, each encoded video chunk is considered as
i nput to MOQT Cbj ect payload. |If encrypted, the output of encryption
will serve as the object’s payload. The GouplDis increnmented by 1
at I DR Frane boundaries. The OhjectID is increnment by 1 for each
encoded video frane, starting at O and resetting to O at the start of
a new group. The first encoded video frame, MOQT Object with
ojectI D 0, shall be the Independent (IDR) frane and the rest of the
encoded video franes corresponds to dependent (delta) frames,

organi zed in the decode order.

When mapping to QUIC for sending, one unidirectional QU C streamis
setup to deliver all the encoded video chunks within a MOQT group

When decodi ng at the ' End Consuner’, the objects fromeach of the
QUIC streans are fed in the GouplD then ObjectlD order to the
decoder for the track.

4.3. Application with single video track with tenmporal |ayers

An exanple is shown bel ow for an H 264 video track with 1280x720p
resolution and 2 tenporal layers at 30 fps and 60 fps frane rate.

codec: "avc3.42E01F"
bitrate: 1500000
franerate: 60

wi dt h: 1280

hei ght: 720

When ready for publishing, each encoded video chunk is considered as

i nput to MOQT Cbj ect payload. |If encrypted, the output of encryption
will serve as the object’s payload. The GouplDis incremented by 1

at | ndependent (IDR) franme boundaries. Each MOQT group shall contain
2 SubG oups corresponding to the 2 tenporal |ayers as shown bel ow

Layer: 0/ 30f ps Subgroup: 0 ObjectID: even
Layer: 1/ 60f ps Subgroup: 1 ObjectlD: odd

Wthin the MOQT group, ObjectlDis increnent by 1 for each encoded
video frame, starting at 0 and resetting to O at the start of a new
group. The first encoded video franme, MOQT hject with CbjectID O,
shal |l be the Indepedent (IDR) frame and the rest of the encoded video
franmes corresponds to dependent (delta) frames, organized in the
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decode order. Wen mapping to QU C for sending, one unidirectional
QUIC streamis used per SubGoup, thus resulting in 2 QU C streans
per MOQT group.

When decoding at the 'End Consuner’ for a given MOQT group, the
objects nmust be fed in the GouplD then ObjectID order. This inplies
that the consuner nedia application needs to order objects across the
SubGroup QUI C streans.

4.4. Application with nutiple dependent video tracks

An example is shown bel ow for an H. 264 video track with 2 spati al
qualities at 360p and 720p each at 30 fps

Video Track 1

codec: "avc3. 42E01E"
bitrate: 500000
franerate: 30

wi dt h: 640

hei ght: 360

Video Track 2

codec: "svcl.56401F"
bitrate: 1000000
franerate: 30

wi dt h: 1280

hei ght: 720

When ready for publishing, the mapping to the MOQT object nobdel and
to underlying QU C, follows the sane procedures as described in
Section 4.2 for each video track.

When decoding at the ' End Consuner’ for a given MOQT group, the
objects nmust be fed in the GouplD then ObjectID order in the
ascending quality track order.

For the exanple in the section, this would inply follow ng pattern
when decodi ng group 5.

Track 1 Group 5 Object
Track 2 Group 5 Object
Track 1 Goup 5 Object
Track 2 Goup 5 Object

PP, OO
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4.5. Application with nmutiple dependent video tracks with dyadic
franerate | evels.

An exanple is shown below for an H 264 video track with 2 spatia
qualities at 360p and 720p, however, the framerate between tracks
vary dyadi cal |l y.

Video Track 1

codec: "avc3.42E01E"
bitrate: 500000
franerate: 30

wi dt h: 640

hei ght: 360

Video Track 2

codec: "svcl.56E01F"
bitrate: 1000000
franerate: 60

wi dth: 1280

hei ght: 720

When ready for publishing, the mapping to the MOQT object nobdel and
to underlying QU C, follows the sane procedures as described in
Section 4.2 for each video track

When decoding at the ’'End Consumer’ for a given MOQT group, the
objects fromacross the tracks nmust be fed in the timestanp order to
the decoder, if no frame reordering is present in the encodi ng.

If the encoding uses frame reordering, or if tinestanp cannot be
obt ai ned, the object to choose next shall follow the bel ow formul a.

hj ect Decode Order = ObjectID * nultiplier + offset

mul tiplier = 2*(maxl ayer-max(0, | ayer-1))
of fset = 2~(maxl ayer-layer) MO multiplier

4.6. Application with multiple simulcast qualities video tracks

An exanple is shown below for an H 264 video track with 2 simulcast
spatial qualities at 360p and 720p each at 30 fps.
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Video Track 1

codec: "avc3.42E01E"
bitrate: 500000
franerate: 30

wi dt h: 640

hei ght: 360

Vi deo Track 2

codec: "avc3.42E01F"
bitrate: 1000000
franerate: 30

wi dth: 1280

hei ght: 720

When ready for publishing, the mapping to the MOQI object nodel and
to underlying QU C, follows the sane procedures as described in
Section 4.2 for each video track

When decoding at the 'End Consuner’, the objects fromthe QU C stream
are fed in the GouplD then ObjectlD order to the decoders setup for
the correspondi ng video tracks.

5. Security and Privacy Considerations

The netadata in LOC Header Extensions is visible to relays, since the
MOQ (bj ect Header Extensions are often not encrypted end-to-end (from

original publisher to end subscribers) in common schenes. 1n sone
cases, this may be an intentional design intent for proper relay
operation. 1In other cases, this nmay be unintentional or undesirable

| eaki ng of the netadata to relays. Each netadata that is defined
shoul d consider the security and privacy aspects of granting rel ays
visibility to the metadata. End-to-end encyption schenmes shoul d
support end-to-end encryption of sensitive netadata.

The netadata defined and registered in this specification (Capture

Ti mestanp, Video Frame Marking, and Audi o Level) may be sensitive

met adata that shoul d be encrypted end-to-end. They are used by nedia
swi tches, which are not nerely relays, and |likely have access to some
medi a keys. This may require end-to-end encryption schemes with
multiple different security key contexts for payl oad versus netadata.

6. | ANA Consi derations
The 1 ANA registry for MOQ (bj ect Header Extensions is populated with

the entries specified in section Section 2.3, referencing this
speci fication.
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Thi s docunent creates a new entry in the "MdQ Stream ng Format"
Regi stry (see [MdQIransport] Sect 8). The type value is 0x002, the
nane is "LOC Stream ng Format” and the RFC is XXX
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