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Where does WARP fit in to MOQT? 

Raw QUIC

WebTransport

Streaming Format 
A

A scheme for mapping 
media to MOQT objects

Media over QUIC Transport
A pub/sub protocol for moving binary messages 

Streaming Format B
A different scheme for 

mapping media to MOQT 
objects

Streaming Format N
Another scheme for 

mapping media to MOQT 
objects

…WARP
Streaming Format



WARP Streaming Format - high level 

• Designed to deliver CMAF packaged content with good interop with 
existing encoders, packaging systems and player decoders. 

• Focus on live and near-live streaming

• WARP works by fragmenting the bitstream into objects that can 
independently transmitted via QUIC streams.

• Congestion response - intra-track stream prioritization combined with 
track adaptation.



Packaging
• Each codec bitstream MUST be packaged into a sequence of Objects 

within a separate track.

• Media tracks SHOULD be media-time aligned. CMAF Switching Sets 
meet this requirement. A receiver SHOULD be able to cleanly switch 
between media tracks at group boundaries.

• Each group MUST be independently decodable. 

0:0 0:1 0:2 0:3 1:0 1:1 1:2 1:3 1920x1080_6Mbps_video

0:0 0:1 0:2 0:3 1:0 1:1 1:2 1:3

0:0 0:1 0:2 0:3 1:0 1:1 1:2 1:3

1280x720_3Mbps_video

640x360_1Mbps_video

Group 1Group 0



What media objects can you place within each 
MOQT Group & Object?

0:0 1:0

0:0 0:1 0:2 0:3 1:0 1:1 1:2 1:3

OBJECT GROUP

CMAF Fragment CMAF Fragment

CMAF Chunk CMAF Fragment

Frame CMAF Fragment

Frame-per-object is better suited to real-time delivery.
The draft allows all mappings, with the only constraint being 
that the start of each group is independently decodable. 



Catalog objects
• A catalog is a track that describes the 

availability of other tracks. It is a directory 
of what is being published under a 
content "bundle".

• Each catalog object describes changes 
which add or delete a track.

• Catalog objects can represent deltas from 
prior objects. 

• The init header serves dual purposes:
• information the client needs to select the 

track (resolution, codec, bitrate etc)

• initializing the decoder. 
Deletion Header {

Last group: (i),
Last object: (i)

}

CATALOG payload { 
media format type (i),
version (i),
parent object sequence (i),
track change count (i),
track change descriptors (..)

}

Track Change Descriptor {
full track name length (i),
full track name (..),
operation (1),
change payload(..)

}

Initialization Header {
init length (i),
init payload (..)

}



Workflow

• A WARP publisher MUST make available a catalog track object after 
ANNOUNCE and before (or concurrently with) any media track objects.

• A publisher only pushes content in response to a valid SUBSCRIBE 
request (this is a core MOQT behavior).

• At the completion of a session, a publisher should publish a catalog 
object with track count of 0. This SHOULD be interpreted by receivers 
that the publish session is complete.



Proposal for connect/catalog addressing scheme
Client is given a single URI for playback, which combines the CONNECT URL with the 

catalog track name. For example:

 https://cdn.example.com/jhgh4534/example.net/user12345/catalog

Client makes a WebTransport connection to this address. 

The server uses a fraction of the path for routing and/or validation, in this case 
cdn.example.com/jhgh4534/. The fraction is determined by prior agreement with the 
distribution network and is intentionally left flexible by the WARP specification. 

The server automatically extracts the catalog full track name and subscribes the client 
to this content as soon as SETUP is complete. 

example.net/user12345/catalog

https://cdn.example.com/jhgh4534/example.net/user12345/catalog
https://cdn.example.com/jhgh4534/example.net/user12345/catalog
https://cdn.example.com/jhgh4534/example.net/user12345/catalog


Proposal for client-initiated server-side ABR
Add an options{} object to each subscribe request, that defines a switching group and a 

throughput threshold.

Subscribe { 1920x1080_6Mbps_video, {group:1, throughput: 8000} }

Subscribe { 1280x720_3Mbps_video, {group:1, throughput: 5000} }

Subscribe { 640x360_1Mbps_video, {group:1} }

The server will switch tracks at the next group boundary
• Requires time-aligned group boundaries

• Requires server to have an estimate of the throughput

Edge server must subscribe-to and cache all tracks, but only forward one at a time to 
each client. 



To debate:
1. Prioritization strategy – dependent on what MOQT offers. 

2. Define ABR strategy – client side, or server side, or not part of spec?

3. Should track names be strings? If so, need to specify encoding for wire transfer. 

4. Can catalogs hold content under different track namespaces?

5. Should common group numbers in different tracks hold media-time synced data. 

6. Do we need a reserved name for catalog tracks?

7. Content protection – current draft has a SHOULD for CENC cbcs, as this is CMAF 
compliant. Would AEAD be preferred? #8

8. Do we relax the CMAF packaging requirement and allow other packaging types, for 
example Ogg/Opus  #13 ?

9. What about SVC support? #14

10. Should we support multiple catalog types within a streaming format? #7.

https://github.com/wilaw/MoQ/issues/8
https://github.com/wilaw/MoQ/issues/13
https://github.com/wilaw/MoQ/issues/14
https://github.com/wilaw/MoQ/issues/7

