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e We all know about WebRTC
® UDP based, ultralow latency
® Conceived for conversational use cases
® peer-to-peer, but often used with servers in the middle
® Supports retransmissions and congestion control
* Natively supported in browsers (simple APIs)
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e What about QUIC?
® TCP-like (e.g., HTTP/3), but UDP based
® Optionally supports DATAGRAM
® Always client/server
® Supports retransmissions, multiple streams, congestion control
® Can be used in browsers via WebTransport (+ WebCodecs, WebAssembly)



* |ETF is defining how to transport RTP on top of QUIC


https://datatracker.ietf.org/doc/draft-ietf-avtcore-rtp-over-quic/
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* Using QUIC, there are things we can (or have to) do differently
® No need for SRTP, QUIC is already encrypted
® Some feedback RTCP provides QUIC can already give us
® QUIC has integrated BWE as well
* We need framing for RTP packets (as in TCP)
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e Multiplexing has interesting opportunities too
® Can multiplex multiple sessions over the same QUIC connection (Flow ID)
® Multiplexing can be done in different ways (DATAGRAM vs. STREAM(s))
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Low-latency media delivery solution for ingest/distribution of media

Target is configurable latency
® From conferencing to HLS-like to VOD (Video On Demand)
® Of interest to both real-time services and CDNs

Publisher/Subscriber kind of approach
® Ppossible roles are Publisher, Subscriber and PubSub
® Not that far from a cascaded SFU, if you're familiar with WebRTC

MoQ Transport (MoQT) on top of QUIC or WebTransport
® Encryption via QUIC, but E2EE encryption possible too
* Independent of media formats (can transport anything media)
® Support for relays, caching and replication points


https://datatracker.ietf.org/group/moq/about/

What can it be used for, then?

MOQT Use Cases
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What can it be used for, then?

MOQT Use Cases

Typical Latency
H

High Latency Low Latency , Ultra-Low Latency , Near-Real-Time
H H

Latency

https://www.youtube.com/watch?v=3GRTV1U3bWw



https://www.youtube.com/watch?v=3GRTV1U3bWw

The simplest architecture diagram i




Something a bit more complex i
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* Different implementations (sometimes different MoQT versions)

. (Rust/JS, pub/sub/relay)
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. (C library, pub/sub/relay)
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o (TypeScript, pub/sub)

. (Rust/TS, pub/sub)

. (C library, pub/sub/relay)

e More info available on MoQT wiki
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A QUIC look at imquic (pun intended)

* Open source QUIC library
® https://github.com/meetecho/imquic
® https://www.meetecho.com/blog/imquic/
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e Open source QUIC library

e Generic library, but with native support for a few protocols
® Raw QUIC vs WebTransport (no full HTTP/3 support yet)
* RTP Over QUIC (RoQ)
® Media Over QUIC (MoQ)
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* High level APIs for servers/clients
® Methods to proactively do things
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Open source QUIC library

Generic library, but with native support for a few protocols
® Raw QUIC vs WebTransport (no full HTTP/3 support yet)
® RTP Over QUIC (RoQ)
® Media Over QUIC (MoQ)
High level APIs for servers/clients
® Methods to proactively do things
*® Callbacks to intercept events (e.g., connection, incoming data, etc.)
® Custom APIs for natively implemented protocols
Not really ready for production, yet
® Mostly a testbed/sandbox to experiment with new protocols
® QUIC stack in particular needs a bit of love (or replacing?)


https://github.com/meetecho/imquic
https://www.meetecho.com/blog/imquic/
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inquic $ ./examples/imquic-server -a h3 -s ../key_log.log -c
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* Integrating RoQ in my test library itself
® Leverages library core and events
® Exposes RoQ-specific APIs to end user

e Different demo applications for testing
* imquic-roqg-server: basic RoQ server (prints headers + echo mode)
* imquic-roq-client: basic RoQ client (injects RTP)
* Janus integration (WIP): gatewaying of RoQ to/from WebRTC

e A few interop tests for validation
® Mathis’ RoQ demos (IETF Hackathon 120)



A basic client/server demo

Terminal - -
View Terminal Tabs Help
L &ro niero imquic § ./examples/imquic-roq-
V1.r127.6.6.1 -R 9660 -m streams
Multiplexing: one STREAM per RTP packet
Audio: port 15682, flow ID @
Video: port 15684, flow ID 1
[rog-client] Bound to port 34715
[rog-client] Connected socket to remote address 127.8.8.1:9060
|mq client] Endpoint created

LPN: roq-16
|roq client] Connecting to remote endpoint
Creating new connection
[Ro0] [rog-client/1] Mew connection 8x51fB86682686
[rog-client/1] New connection
-~ [STREAMS] [flow=8][31] ssrc=124687720, pt=06, seq=15578, ts=3686730450
STREAMS] [flow=1][1488] ssre=318860862, pt=118, seq=7415, ts=1776581103
STREAMS] [flow=0] [163] ssrc=124687729, pt=06, seq=15579, ts=3686739450
[flow=1][208] ssrc=318868062, pt=116, seq=74l6, ts=1776581163

STREAMS] [flow=0][34] ssr 4687729, pt=96, seq=15588, ts=3686
[flow=0][21] ssrc=124687729, pt=06, seq=15581, ts=3686746131
[flow=1][113] ssrc=318868862, pt=118, seq=7417, te=1776584873
- [STREAMS] [flow=0][28] ssrc=124687720, pt=06, seq=15582, ts=3686741801
STREAMS | [ flow=0] [20] ssre=124687729, pt=96, seq=15583, 1s=3686742651

File Edit

client -a 15862 -A 8 -v 15864 -

'E!rmhil; : -
Tabs Help

i ero imquic § ./examples/imquic-roq-server -c .. /localhost.crt -k .
_flocalhost. key
[roq-server] Bound to port 9666
[rog-server] Endpoint created

File Edit View Terminal

[rog-server] Starting server
[RoQ] [rog-server/1] New connection 8x51f866681886
[roq-server/1] New Rol) connection

[roq-server/1] - [flow=8] [31] ssre=124687729, pt=96, seq=15578, ts=3686739459
[roq-server/l] -- [flow=1][1466] ssr:—}].saam pt=118, seq=7415, ts=177658116
3

[rog-server/1l] -- [flow=8][163] ssrc=124687729, pt=096, seq=15579, ts=3686739459
[rog-server/l] -- [flow=1][200] ssrc=318866662, pt=118, seq=7416, 776581183
[rog-server/1] -- [flow=8][34] ssrc=124687729, pt=96, seq=15580, ts=3686739459
[roq-server/1] -- [flow=B][21] ssre=124687720, pt=96, seq=15581, ts=3686748131
[roq-server/1] -- [flow=1][113] ssrc=318860062, pt=118, seq=7417, ts=1776584673
[rog-server/l] -- [flow=8][20] ssrc=124687729, pt=96, seq=15582, ts=3686741891
ﬁroq-server/].l -- [flow=8][28] ssrc=124687729, pt=96, seq=15583, ts=3686742851




[STREAMS] [flow=1] [787] ssrc=799365432, pt=110, sequ2B464, ts=1789299545
[STREAMS] [flow=0] [56] ssrc=3245565862, pt=96, seq=23936, ts=1579988816
[STREAMS] [flows1] [1488] ssrcw799385432, pt=118, sequ20485, ts=1789382515
[STREAMS] [flow=1] [1488] ssrc=799385432, pt=118, sequ20406, ts=1789302515
[STREAMS] [ flow=8] [56] ssrc=3245565862, pt=96, seq=23937, ts=1579989776
[STREAMS] [flows1] [1400] ssrc=799305432, pt=l10, sequ20407, ts=1769302515
[STREAMS] [Flow=1] [684] ssrc=799305432, pt=118, seq=20468, ts=1789382515
[STREAMS] [flow=8] [52] ssrc=3245565062, pt=96, seq=23938, ts=1579998736
[STREAMS] [flow=1] [1460] ssrc=799385432, pt=110, sequ20409, ts=1789385575
[STREAMS] [flow=1] [921] ssrc=799385432, pi=l18, sequ2B418, ts=1789385575
[STREAMS] [Flow=8] [S7] ssrc=3245565062, pt=96, seq=23939, ts=1579991696
[STREAMS] [flow=8] [59] ssrc=3245565862, pt=96, seq=23940, ts=1579992656
[STREAMS] [flow=1] [1488] ssrc=799385432, pt=118, sequ2B4ll, ts=1789388545
[STREAMS] [flow=1] [1488] ssrc=799385432, pt=118, sequ20412, ts=1789388545
[STREAMS] [flow=1] [1460] ssrc=7993085432, pt=110, seqe20413, ts=1789308545
[STREAMS] [flows1] [649] s5rce799385432, ptwll®, sequ2B4ld, ts=1789388545
[STREAMS] [ Flow=8] [58] ssrc=3245565062, pt=96, seqe2394l, ts=1579993616
[STREAMS] [flow=1] [1460] ssrc=799385432, pt=116, seqe264l5, ts=1789311515
[STREAMS] [flow=1] [1400] ssrc=799305432, pt=110, seq=20416, ts=1769311515
[STREAMS] [flow=1] [20] ssrc=799385432, pt=118, seq=20417, ts=1789311515
[STREAMS] [flow=8] [SB] ssrc=3245565062, pt=96, seq=23942, ts=1579994576
[STREAMS] [flow=8] [S8] ssrc=3245565062, pt=96, seq=23943, ts=1579995536
- [STREAMS] [flow=0] [58] ssrc=3245565062, pt=96, seqe=23944, ts=1579996496




e Edit
[rog-server/1]
[rog-server/1]
[reg-server/1]
[rog-server/1]
[rog-server/1]
[rog-server/1]
[roq-server/1]1
[rog-server/1]
[rog-server/1]
[rog-server/1]
[rog-server/1]
[rog-server/1]
[roq-server/1]
[rog-server/1]
[rog-server/1]
[rog-server/1]
[roq-server/11
[rog-server/1]
[reg-server/1]
[rog-server/1]
[rog-server/1]
[rog-server/1]
ﬁreq—servarll]

[lows1] [1092] ssrce3138418967, pt=120, seqe28, tse56948
-- [flows][74] ssrcs=2714730688, pt=109, seqedd, ts=4128B
[TlowsB] [88] ssrcs2714730680, ptuled. sequds, ts=d224p
[lowsB] [77] ssrca2714730689, ptm169. seqedb, ts=d3200
[flows1] [1014] ssrce3138418867, pt=120, seqe2l, ts=568B8
[Tlows1] [1014] ssrcw3130418067, pt=l2D, seqe2Z, tss56880
[Flows1][1014] ssrcw3138418967, pt=120, seqe23, tsa56889
[flows1] [1014] ssrce3138418867, pt=120, seqe24, ts=568B9
[flow=0][76] ssrc=2714730680, pt=109, seqe=47, ts=44160
[flowsB][77] ssrcs2714738688, ptm1B9, sequdB, tsm45128
[flow=0][74] ssrc=2714730680, pt=109, seqe=49, ts=456080
[flow=0][74] ssrc=2714730680, pt=109, seqe=50, ts=47040
[lows1][1141] s3rce3130418867, pt=120, seqe25, tse5300
[flow=1][1142] ssrc=3138418067, pt=128, seq=26, ts5=63080
[flow=1][1142] ssrc=3130418067, pt=120, seq=27, ts=63000
[flows1] [1142] ssrcw3130418667, pt=l20, seqe2B, tss5300
[lows1][1142] s$rcw3138418967, pt=120, seqe2d, ts=63008
[lows1] [1142] ssrce3138418867, pt=120, seqe3®, ts=63008
[flow=11[1142] $5rc=3130418067, pt=120, seq=3l, ts=63600
-~ [flows1][1142] 5srce3139418967, pt=120, sequ32, ts=63900
[flow=1][1142] ssrc=31304180867, pt=120, seq=33, ts=63008
[flow=0][77] ssrc=2714730688, pt=109, seqe=51, ts=4B8000
-~ [flowsB1[78] s5rc=2714730680, pt=109, seqe52. ts=48960







* Integrating MoQT (now from -11 to -16) in my test library itself
® Leverages library core and events
® Exposes MoQT-specific APIs to end user
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e Different demo applications for testing
* imquic-moq-pub: basic MoQT publisher (same as Luke’s moq-clock)
* imquic-moq-sub: basic MoQT subscriber (different formats)
* imquic-moq-relay: proof-of-concept relay
* imquic-moq-test: amoq-test’ implementation
* Janus plugin (WIP): gatewaying of MoQT pub/sub to WebRTC (using LOC)
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* Integrating MoQT (now from -11 to -16) in my test library itself
® Leverages library core and events
® Exposes MoQT-specific APIs to end user

e Different demo applications for testing
* imquic-moq-pub: basic MoQT publisher (same as Luke’s moq-clock)
* imquic-moq-sub: basic MoQT subscriber (different formats)
* imquic-moq-relay: proof-of-concept relay
* imquic-moq-test: amoq-test’ implementation
* Janus plugin (WIP): gatewaying of MoQT pub/sub to WebRTC (using LOC)

e Many interop tests with different implementations
® Regular tests during IETF Hackathon sessions
® Active #moq channel on quicdev Slack
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mog-rs + imquic

File

Edit View Terminal Tabs Help

ayload=164 byte
Ilnq sub/1] ln:oling object:
ayload=97 byte:
[mog-sub/1] ln:olj.ng object:
ayload=164 es
[mog-sub/1] Incoming object:
ayload=72 bytes
[moq-sub/1] Incoming object:
ayload=164 bytes
[moq-sub/1] Incoming object:
ayload=143 bytes
[mog-sub/1] Incoming object:
ayload=164 bytes
[mog-sub/1] Incoming object:
ayload=93 bytes
[wog-sub/1] Incoming object:
ayload=164 bytes
[moq-sub/1] Incoming object:
ayload=176 bytes
[mog-sub/1] ln:oling object:
ayload=164
[mog-sub/1] ln:oling object:
ayload=154 bytes

sub=1, alias=1,
alias=1,
, alias=1,
alias=1,
alias=1,
alias=1, g

, alias=!

, alias=1,
alias=1, g
alias=1,

1d=55,
1d=56,
1d=57,
1d=58,
1d=59,
id=68,

id=63,
id=64,
id=65,

~e0

order=4294964295,
order=4294964295,
order=4294964295,
order=4204064295,
order=4294964295,
order=4294964295,
order=4294964295,
order=4294964295,
order=4204064295,
order=4294964295,
order=4294964295,

o B

Terminal - -

File Edit View Terminal Tabs Help
lminiero@lminiero debug § ffmpeg -hide_banner -v quiet -stream loop -1 -re -i -/
p Work/code/janus/streaming-scripts/meetecho-spot.mpd4 -c copy -an -f mpd -movflags
cmaf+separate s -oo!-de'lay moov+skip trailer+frag_every_frame - | RUST_LOG=moq_pu
p b=trace ./moq-pub --name pippo https://127.8.8.1:9860
2024-88-29T14:49: 347. INFO  moq_publ connecting to relay: url=https://127.8.
p 9088/
2024-88-29T14:49:347 INFO  moq_pub::media| catalog: {
P *tracks®: [
P
P
P
P
P N 1
e [
P




mog-rs + imquic

File Edit view Terminal

ayload=164 bytes
[mog-sub/1] Incoming
ayload=97 bytes
[moq-sub/1] Incoming
ayload=164 bytes
[moq-sub/1] Incoming
ayload=72 bytes
[moq-sub/1] Incoming
ayload=164 bytes
[moq-sub/1] Incoming
ayload=143 bytes
[mog-sub/1] Incoming
ayload=164 bytes
[moq-sub/1] Incoming
ayload=93 bytes
[moq-sub/1] Incoming
ayload=164 bytes
[moq-sub/1] Incoming
ayload=176 bytes
[mog-sub/1] Incoming
ayload=164 bytes
[mog-sub/1] Incoming
iy\oan#lSt! bytes

Terminal -
Tabs Help

object:
object:
object:
object:
object:
object:
object:
object:
object:
object:

object:

sub=1,
sub=1,
sub=1,
sub=1,
sub=1,
sub=1,
sub=1,
sub=1,
sub=1,
sub=1,
sub=1,

alias=1, group=2, id=5§,
alias=1, group=2, id=56,
alias=1, group=2, id=57,
alias=1, group=2, id=58,

alias= N

order=4294964295,
order=4294964295,
order=4294964295,
order=4294964295,

MPlayer

T T B B

Terminal - q -

File Edit View Terminal Tabs Help

iniero debug § ffmpeg -hide banner -v quiet -stream loop -1 -re -i -/

Uork/:ode/janus/strea-ing scripts/meetecho-spot.mpd -c copy -an -f mpd -movflags

cmaf+separate_moofsdelay_mooveskip trailer+frag_every frame - | RUST_LOG=moq_pu

b=trace ./moq-pub --name pippo https://127.0.8.1:9860

2024-88-29T14:49:347 1 moq_pub| connecting to relay: url=https://127.6.8.1:
)/

2024-88-29T14:49:347 INFO  moq_pub::media| catalog: {
*tracks®: [




mogq-rs + imquic

s

- 20624-88-29 15:15:

N §

T
[mog-sub/1] Incoming object:
bytes

- 56
[mog-sub/1] Incoming object:
bytes

.. 57
[moq-sub/1] Incoming object:
bytes

T
[mog-sub/1] Incoming object:
bytes

.. 50
[mog-sub/1] Incoming object:
bytes
[moq-sub/1] Incoming object:
bytes

Py
[mog-sub/1] Incoming object:
s

alias=8,

group=14,

group=14,

group=14,

group=14,

group=15,

group=15,

dd=2,

id=3,

id=4,

id=5,

dd=1,

id=2,

order=8,

order=98,

order=0,

order=8,

order=98,

order=0,

order=8,

i I.-iniem@'l-mi.ero debug 4§ RUST LM=-oq_c1.o:k—1rm ./mog-clock --publish https:/§
1:9660

£127.8
'2524&8 29T15:14:55Z INFO mog_clock| connecting to server: url=https://127.6.8




mog-rs + imquic

Terminal -
File Edit view Terminal Tabs Help

[mog-pub] Bound to port 33586

[mog-pub] Connected socket to remote address 127.6.6.1:9868
[mog-pub] Endpoint created

ALPN: h3

Subprotocol: moq-66
Delivery: STREAM_HEADER GROUP
[moq-pub] Connecting to remote endpoint
Creating new connection
Establishing WebTransport
Ho@] [mog-pub/1] New connection 6x51f866082686
moq-pub/1] New MoQ connection
moq-pub/1] Mo connection ready
moq-pub/1] Announcing namespace 'clock'
moq-pub/1] Announce 'clock” accepted
-~ 2624-68-29 17:39:56
-~ 2624-68-29 17:39:57
[moq-pub/1] Incoming subscribe for 'clock’/'now" (ID 6/8)
Startj.ng to send MoQ objects
282 :

4-68-29 17:39:58
-+ 2024-68-29 17
++ 20824.68-29 17
=+ 20824.68.29 17
+ 2024-88-29 17:48:02

Terminal

File Edit View Terminal Tabs Help

19808
20824-88-29T15:39:58Z
.1:9888/
=57

leroflminiero debug $ RUST_LOG=moq_clock=trace ./moq-clock https://127.6.8.1
INFO  moq_clock

connecting to server: url=https://127.6.8
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MoQT + WebRTC (via Janus/imquic) i

mog-encoder-player |:(> ‘ moxygen ‘ |::> : mqmmuq Janus core :
src-encoderhtml MOQT (MoQ relay) MOQT : (MoQ subscriber) (WebRTC publisher) : %D

: 1.0C — RTP \
1 AVCC — Annex B

mog-encoder-player moxygen imqui q Janus core
sre-playerhtml MOQT (MoQ) relay) MOQT : (MoQ) publisher) (WebRTC subscriber) ] <:|
\ o H \ | WebRTC

: RTP — LOC
B Annex B — AVCC

Janus WebRTC Server

https://www.meetecho.com/blog/moq-webrtc/


https://www.meetecho.com/blog/moq-webrtc/
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https://www.youtube.com/watch?v=l4dwczI5Bis
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® QUIC stack itself needs some (maybe too many?) enhancements (e.g., CC)
* Evaluating ngtcp2 for QUIC itself (imquic for high level API and RoQ/MoQ)
® Release Janus integration (new plugin, RoQ forwarders, Streaming plugin)
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e ALOT still to do
® QUIC stack itself needs some (maybe too many?) enhancements (e.g., CC)
* Evaluating ngtcp2 for QUIC itself (imquic for high level API and RoQ/MoQ)
® Release Janus integration (new plugin, RoQ forwarders, Streaming plugin)

* Keep up to date with MoQT (and maybe RoQ too)
® Working group is very active
® Specification changes often, thanks to feedback from implementations

e Start working on media
® Functional tests on transport are helpful, but not that fun
® Time to play more with LOC, WARP, WebCodecs, and stuff like that!
e Testing testing testing!
* Interop (for everything, from QUIC to MoQT) helps, but is not enough
® Play with it, have fun, and break things!



Thanks! Questions? Comments? 51

Contacts
o @ https://fosstodon.org/@Iminiero
* ¥ https://bsky.app/profile/Iminiero.it
e M https://www.meetecho.com/blog/
e & https://Iminiero.it
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