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Abstract

This draft presents an approach for synchroni zed vi deo-on-denmand
(VoD) viewing with Media over QUIC Transport (MOQT). It extends the
current MOQT protocol to enable synchronized VoD functionality. This
approach adapts MOQ s push-content architecture to include
interactive features such as pause, resunme and seek
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1. Introduction

Medi a over QUIC Transport (MOQT) is a novel protocol designed for
efficient nedia stream ng over the QU C transport protoco

([ RFC9000]). While MOQT has shown prom se for |ive-edge stream ng,
its current design |acks support for essential VoD functionalities,
such as pause, resume and seek, leaving gaps in its applicability for
interactive nedia consunption. This docunent extends MOQT to enable
synchroni zed VoD pl ayback, introducing nmechani snms that allow users to
have nore control over the nedia pl ayback

Thi s docunent outlines the architectural design, control nechani snms
and synchroni zation logic inplemented to achi eve these objectives.
Thi s docunent’s innovations include new MOQT tracks for
synchroni zati on control, an exanple media publisher nodel for serving
on-demand vi deo and a Leader-Fol | ower nodel to denonstrate the
potential of MOQT for enhancing synchroni zed VoD consunpti on.

1.1. Terms and Definitions
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capital s, as shown here
Client: The party initiating a Transport Session
Server: The party accepting an incom ng Transport Session
Endpoint: A Cient or Server.

Publ i sher: An endpoint that handl es subscriptions by sending
requested Ohjects fromthe requested track

Subscriber: An endpoint that subscribes to and receives tracks.
Oiginal Publisher: The initial publisher of a given track

Relay: An entity that is both a Publisher and a Subscriber, but not
the Oiginal Publisher or End Subscri ber

Group: A tenporal sequence of objects. A group represents a join
point in a track. See ([MQIransport], Section 2.3).

ohject: An object is an addressabl e unit whose payload is a sequence

of bytes. Objects formthe base elenent in the MOQT data nodel.
See ([ MoQIransport], Section 2.1).
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Track: An encoded bitstream Tracks contain a sequential series of
one or nore groups and are the subscribable entity with MOQT. See
([ MoQTransport], Section 2.4).

Sync-Track: A dedicated track used to synchroni ze pl ayback across
multiple clients by transmitting PLAY, PAUSE and SEEK conmands.

Leader dient: The designated control authority within a
synchroni zed pl ayback session. The Leader client issues playback
control mnessages ([ MdQTransport], Section 7) that all subscribers
nmust fol | ow.

Follower Cient: A subscriber that foll ows playback instructions
fromthe Leader client to maintain synchronization

Vi deo- on- Denand (VoD) Session: A session where pre-recorded nedia is
streamed with user-controlled playback features

1.2. Notational Conventions

Thi s docunent uses the conventions detailed in ([ RFC9000],
Section 1.3) when describing the binary encodi ng.

As a quick reference, the following list provides a non-nornative
summary of the parts of RFCO000 field syntax that are used in this
speci fication.

X (..): Indicates that x can be any length, including zero bits.
Values in this format always end on a byte boundary.

X (i): Indicates that x holds an integer value using the variable-
| ength encoding as described in ([ RFC9000], Section 16).

2. Synchroni zed Pl ayback Contro

The MOQT protocol does not explicitly define dedicated contro
messages for PLAY, PAUSE or SEEK operations. |Instead, these
functionalities are achieved through subscription-based nmessagi ng.

2.1. Playback Control Mechani sns

Pl ayback is initiated by sending a SUBSCRI BE ([ MoQTransport],
Section 7.4) control message for the desired nmedia track. The
SUBSCRI BE nessage specifies the track namespace, track name and a
filter type (e.g., Latest G oup or Absolute Start) to determne the
starting point of the nedia delivery. Pausing playback is
acconpl i shed by sending a specific PAUSE nmessage with its
corresponding Goup ID via Sync-Track. This stops the origina
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publi sher from sending further objects for the specified track. To
resune playback, the client issues a PLAY message again via Sync-
Track. |In the case of staying inactive for an extended period of
time, the client will be unsubscribed automatically via MOQI's
UNSUBSCRI BE ([ MoQTransport], Section 7.6). To start the playback
again, the client sends a SUBSCRI BE nessage.

Seeking to a specific position within a track is supported using the
SEEK message via Sync-Track, with the corresponding Goup ID. This
allows the client to request nedia starting froma specific group and
continuing in a push-content fashion. However, this functionality
requires that the original publisher supports the ability to serve
media fromarbitrary positions within the track, which may not be
universally available in all inplementations. This is discussed in
Section 4 in detail.

Thi s docunent introduces new Sync-Track nessages, which can only be
sent by the Leader client. Wen the Leader client sends these
messages, a conpatible publisher will respond by playing, pausing or
seeking as instructed. Upon receiving a PAUSE command, the origina
publi sher halts broadcasting at the specified Goup ID, freezing

pl ayback until a PLAY command resunmes it fromthe paused position. A
SEEK command directs the original publisher to calculate the frane
corresponding to the provided Goup ID and restart broadcasting from
that frame. This mechani smensures all subscribers remain

synchroni zed, allowing themto watch the stream simultaneously from
the adjusted pl ayback point.

2.1.1. Decoupling Seek from Pl ay/ Pause

The SEEK operation functions independently of PLAY and PAUSE
commands. A client can issue a SEEK comand regardl ess of the
current playback state. This neans a client may seek to a different
position while paused and | ater resune playback fromthe new
position. Likewise, if a client is currently playing, a SEEK command
will override the current playback position wi thout requiring a PAUSE
bef or ehand.

2.2. Sync-Track Messages

Every single nessage on the Sync-Track is a MOQT object, which is
transmtted using the MOQT streami ng architecture. These nessages
encapsul at e pl ayback control commands (PLAY, PAUSE, SEEK) within MOQT
obj ects, ensuring they are processed and rel ayed consi stently across
the session. The Sync-Track operates as a track within the MOQT
session, where control nessages are formatted as foll ows:
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2.

2.

Sync- Track Message {
Message Type (i),
Message Length (i),
Message Payl oad (..),

}

Figure 1: Overall Sync-Track message format

Each nessage type (PLAY, PAUSE, SEEK) is identified by its unique
Message Type ID and follows a structured format to ensure integration
with the MOQT transport nechani sns. These nessages are reliably

del i vered, maintaining synchronizati on anong all session
participants. Since the Sync-Track nessages are standard MOQT
objects, they | everage the existing MOQI stream handling mechani sms.

R el ety
| 1D]| Messages |
[ e e oo s e
| Ox1 | PLAY (Section 2.2.1) |
+----- B T I +
| 0x2 | PAUSE (Section 2.2.2) |
+----- B R i +
| Ox3 | SEEK (Section 2.2.3) |
+----- B I I I A R +
| Ox4 | STATUS (Section 2.2.4) |
+----- B T I +
Table 1

2.1. PLAY

PLAY Message {
Type (i) = 0x1,
Length (i),

Ti mestanmp (i),

}

Figure 2: Sync-Track PLAY nessage
2.2. PAUSE

PAUSE Message {
Type (i) = 0x2,
Length (i),

Ti mestanmp (i),
Goup ID (i),
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Fi gure 3: Sync-Track PAUSE nessage
2.2.3. SEEK

SEEK Message ({
Type (i) = 0x3,
Length (i),

Ti mestanmp (i),
Goup ID (i),

Fi gure 4: Sync-Track SEEK nmessage
2.2.4. STATUS

The Playing state is represented by 1, the Paused state is
represented by 0 in the PlaybackState paraneter.

STATUS Message {
Type (i) = 0x4,
Length (i),
Timestanmp (i),
Goup ID (i),

Pl aybackState (i),

Figure 5: Sync-Track STATUS nessage
2.3. Tinmestanmp for Playback Synchroni zation

Each Sync-Track control message (PLAY, PAUSE, SEEK) contains a
timestanp field, which represents the intended nedia position when
the action is triggered. This tinmestanp ensures that playback
actions (especially SEEK) are synchroni zed across clients, preventing
head- of -1 i ne bl ocki ng due to out-of-order commands. The origina
publ i sher uses this tinestanp to adjust the playback position
accordingly.

2.4. Gouping of Playback Control Messages

The PLAY and PAUSE commands nust be treated as dependent operations
and thus belong to the sane control subgroup. However, SEEK operates
i ndependently and belongs to a separate subgroup. This separation
ensures that PLAY/ PAUSE nmessages are processed sequentially within
their stream while the SEEK commands are handled in a separate
streamto avoid bl ocking the playback state transitions.
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2.5. Playback Status

To achi eve better synchronization, a new status reporting nessage is

i ntroduced. This streamcarries periodic updates fromthe original
publisher, indicating the current playback position, current

Pl aybackSt at e (Pl ayi ng/ Paused), and | ast acknow edged seek position.
Clients can subscribe to this streamto get notified of every

pl ayback state change.

2.6. Playback Message Fl ow

The foll owi ng nessage flow illustrates how t he playback operations
(PLAY, PAUSE and SEEK) are used through the relay servers, thus
enabling clients to stay in a synchronized pl ayback.

---- PAUSE {Group 18} --->| |
| ---- PAUSE {Group 18} --->|
| <--- Stop Media At GL8 ---|

I I
Figure 6: Sync-Track Message Fl ow and Pl ayback Exanpl e Scenari o

Leader dient Rel ay Server(s) Original Publisher

I I I

|----cnnn-- PLAY --------- >| |

| [---------- PLAY --------- >|

| | <----- Media Stream------ |

| <----- Media Stream------ [-------------- Media Stream-----------
| <----- Media Stream------ [----------e--- Media Stream-----------
| <----- Media Stream------ [------------ Media Stream -----------
|---- SEEK {Goup 10} ---->| |

| |---- SEEK {Goup 10} ---->|

| <-- Media Obj fromGlO ---]----------- Media o) fromGLlO -------
| <----- Media Stream------ [-------------- Media Stream-----------
| <----- Media Stream------ [----------e--- Media Stream-----------
I

I

I

I

2.6.1. Message Semantics

These nessages MJST be sent exclusively by the Leader client (dient
ID0). Relay servers MJST discard such nmessages if received from
non- Leader clients.

3. Leader-Follower dient Mdel

The Leader-Fol |l ower client nodel is a subscriber coordination
mechani sm desi gned to enforce synchroni zed nedi a pl ayback across
multiple clients. This nodel ensures determnistic control over
pl ayback operations to prevent conflicting actions and maintain
synchroni zati on.
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3.1. Role Assignnent

For simplicity, no Leader election algorithmis inplemented in this
nmodel . The first subscriber to join a session is automatically
designated as the Leader client (Client ID Q). Subsequent

subscri bers are assigned increnental Follower client IDs (e.g., 1, 2,
...) and inherit the playback state fromthe Leader. This ensures
straightforward session initiation wi thout requiring conpl ex
coor di nati on nmechani sns.

3.2. Playback Contro

Excl usive Control: Only the Leader client may issue playback Sync-
Track nessages (PLAY, PAUSE, SEEK).

The Sync-Track nmessage requests that are coning fromthe Fol | ower
clients will be forwarded to the Leader Cient for review

State Propagation: Control nessages fromthe Leader client are
distributed to all Follower clients via the relay servers,
ensuring synchroni zed execution

Leader Failure Handling: |If the Leader dient disconnects or becones
unresponsive, the lowest-1D active Follower client assunes the
Leader role. The new Leader client inherits Client 1D O, but the
other Follower 1Ds do not change.

4. Heartbeat-Based Sessi on Managenent and Advanced Synchroni zation

Wi | e the Leader- Fol |l ower paradi gm handl es pl ayback control,
addi tional functionality is needed for:

1. DMonitoring client synchronization and connectivity.

2. Handling clients that wish to get out of synchronization or
rejoin later.

3. Making group-level decisions in the face of network issues.

This section defines a “heartbeat” nechanism and outlines how clients
can join, leave and optionally “fall behind” or “skip ahead”
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4.

4.

4.

4.

1. Heartbeat Messages

Every client (Leader or Follower) periodically sends a *heartbeat*
nmessage to the relay (or or the original publisher, depending on

i npl ementation). The relay aggregates these nessages to nmaintain an
up-to-date view of each client’ s playback status and connectivity. A
heart beat nessage contains at |east:

1. *Local Playback Tinme*: The client’ s current playback position
(e.g., Goup IDor time offset (PTS) in the video)

2. *Current Gobal Time*: The client’ s global tinestanp, allow ng
the relay (and/or Leader) to account for the delay in nmessage
transm ssi on.

1.1. New Cient Announcenent

When a new client joins the session, the *first* heartbeat nessage
includes an additional “NewCient-Join” indicator. This allows the
relay (and indirectly the Leader) to:

* Recognhi ze a new participant in the session
* Potentially notify other participants (if needed).
1.2. Heartbeat Tineouts and Di sconnections

Each client is expected to send heartbeat nessages within a pre-
decided interval. |If a heartbeat is not received for a duration
exceeding that interval (plus sone tolerance), the relay assunes the
client has become inactive or disconnected. This triggers either

* *Tenporary Renoval *: The relay marks the client as “inactive” but
does not renove themfromthe session state i mmediately.

* *Full Renoval*: If no further heartbeat arrives within a | onger
grace period, the client is marked as “disconnected” and renoved
fromthe synchroni zed group

2. Qut of Sync and Re-Syncing

A client may decide to pause or seek independently of the group or
ot herwi se desynchroni ze its playback. For instance, a user might
rewind to re-watch a scene without causing the entire group to
follow Such actions are handl ed as foll ows:

1. *Local -Only Rew nd/ Seek*:
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The client can apply a |l ocal override of its playback buffer. It
continues to send heartbeats but indicates via a flag (e.qg.,
“Qut-of-Sync” ) that it is not follow ng the group

2. *Resum ng Sync*:

Once the client is ready to rejoin synchronized playback, it
sends a heartbeat with a special “Re-Sync Request” flag or re-
subscribes to the Sync-Track. The Leader (or relay) then
supplies the necessary offset or group position so the client can
junp to the current playback point and synchronize with others.

4.3. Handling Network |Issues and Group Policy

Clients experiencing connection issues (e.g., |ow bandw dth or high
| at ency) can degrade the overall group experience if every other
client must wait. To nmitigate this:

1. *Adaptive Bitrate (ABR) at the Rel ay*:

The rel ay can detect from heartbeat messages that a client is
consistently behind or |osing packets. It may choose to deliver
| ower-resol ution encodings to that specific client (if avail able)
to help it catch up.

2. *Lobby Policy: Wit vs. Continue*:

An initial session-level policy can determine if the group is
willing to wait for slowclients or not. |If the policy is set to
“continue,” the lagging client might partially skip forward (or
remai n unsynchroni zed) until network conditions inprove. |f the
policy is set to “wait,” the group collectively applies
additional buffering or pause states to allowthe slowclient to
keep up.

4.4. Fetch-Based Architecture
The current design builds on MOJ s push-based content delivery. The
current revision introduces a nore scal able, fetch-oriented mechani sm
for client synchronization. This approach will further refine:
*  The structure of heartbeat/status nessages.

*  How the group menbership is signal ed and updat ed.

* Interaction between “push” and “fetch” paradigns for adaptive VoD
synchroni zati on.
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* More effective use of relays for nore scal abl e systens.
5. Security Considerations
TODO.
6. | ANA Consi derations
TODO
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Appendi x A. Exanpl e Publisher Nbdel

This section defines an exanple architecture for adapting MOQT to VoD
use cases. The nodel enables efficient retrieval and stream ng of
archived fragnented MP4 (f MP4) content through a specialized

publ i sher (nog-pub), while maintaining conpatibility with |ive-edge
wor kf | ows.
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A 1. Media Preparation
Encoding: Media is encoded in H 264 (AVC) fornmat.

Contai nerization: Media is packaged in fragmented MP4 (fMP4) format,
where content is divided into discrete "noof" (Myvie Fragnment) and
"ndat" (Media Data) atom pairs.

Initialization Segnents: The ftyp (File Type) and noov (Mvie
Met adata) atons are prepended to the media file. These provide
gl obal metadata (e.g., codec information, track |ayouts) and are
transmtted once per session.

A. 2. Publisher (mpg-pub) Responsibilities

Storage Integration: Streamarchived fMP4 content directly from
original publisher’'s local storage, elinminating the need for real-
time transcoding.

Efficient Retrieval of Media: Support arbitrary access to nedia
fragments (noof +ndat pairs) for |ow | atency seek operations.

Medi a Codec: npQ-pub supports H. 264 encapsul ated in fMP4.
A. 3. Stream ng Mechani sm

Atomic Units: Media is streaned as sequential "noof+ndat” atom
pairs, each representing a MOQT _object . The noof atom precedes
its corresponding ndat atomto ensure decodability.

Group Mapping: Each moof +ndat pair corresponds to a frame in the
H. 264 stream A group of frames forma Goup of Pictures (GOP).
A GOP begins with an intra-coded frame (I-frane), followed by
predictivel y-encoded franes (P/B-franes). The G oup |D paraneter
in MOQT aligns with the GOP index in H 264. This ensures that
seeking to a specific Goup ID starts playback fromthe I-frane at
t he begi nning of the requested GOP, enabling correct decoder
initialization. The original publisher maintains an internal
i ndex mapping Goup IDto the byte offset of the corresponding
GOP’ s noof +ndat pair.

A.3.1. Session Initialization
At the start of a stream ng session:

1. The original publisher transmts the ftyp and noov atoms as an
initialization segnent.
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Subsequent objects (noof+ndat pairs) are transnitted
incremental |y, adhering to the subscriber’ s playback state.

Dynam ¢ Pl ayback Contr ol

publ i sher asynchronously nonitors a dedi cated Sync- Track
messages (e.g., PLAY, PAUSE, SEEK) issued by the _Leader

ddient .

A 4. 1.

Seek Operations:

Conmand Processi ng

On receiving a SEEK comand:
publisher identifies the start of the nearest GOP
boundary for the requested Goup ID, and resumes publishing

Stream ng resunes fromthe start of the GOP containing the
dependent P/ B-franes are included

1. The original
fromthe correspondi ng frane.
2.
target |-frame, ensuring all
for seanl ess decodi ng.
3. Subscribers receive the full

GOP sequence,
errors caused by nissing reference franes.

el imnating decoder
Pause/ Resune:

A PAUSE command halts the transm ssion according to the Goup ID

specified in the PAUSE nessage,

where the Group I D corresponds to

the current group of the playback.
resunes streamng fromthe next sequenti al

obj ect .

A subsequent PLAY comand
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