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LET’S START FROM THE BEGINNING...

STUN, TURN, ICE, SDP, SIP, WebSockets ...

Web Service

Media path

Chrome Browser Firefox Browser
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LET’S START FROM THE BEGINNING...

STUN, TURN, IC

eb App: HTML + JS

Media path A .-
]

Chrome Browser Firefox Browser

This Talk




AGENDA

® Congestion Control for Real-Time media
e Google Congestion Control
® Tools to experiment with GCC

® Some results
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CONGESTION CONTROL 101

® Long standing research area bootstrapped by
Van Jacobson in the 80s

e Many approaches to do it depending on traffic to
transport and the underlying network

® ...itboils down to regulating the sending rate
of an application so that congestion is avoided
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BULK DATA vs MEDIA FLOWS TRANSPORT

Bulk data Media flows
> 9 ——>Encodert——>
Ei 0l o

Good Bad Good Bad

TCP for reliability UDP: can trade some
losses for timeliness
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WEBRTC STACK

Web Application APl (W3C) JavaScript

4 )
JL Focus of this talk
~
Internal WebRTC API Congestion COﬂtFOl
Audio Engine Video Engine Transport for audio/video y
o) Audio Codec Video Codec BeorCon DA CH.
%J 2 RTP/RTCP | SCTP
o Echo Cancellation Jitter Buffer Congestion Control
o DTLS
Noise Reduction Image enhancment | ICE |
Audio Capture Video Capture Network I/1O
il
oS Note: the dataChannel
is not affected
Device Hardware
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Multimedia Congestion Control for RTC

GOOGLE CONGESTION CONTROL ARCHITECTURE

Sender-side | Video | Receiver-side
S, e » Network »
(Loss based) RIS S (delay based) @

-

u feedback (RTCP) |
(losses, RTT, REMB)

Most part of the
job done here*

e Audio/video flows sent using RTP/UDP
(feedback over RTCP)

® The receiver employs a delay-based controller
with the aim of containing queuing delays

e The sender employs loss-based controller

Fall-back

* currently

Luca De Cicco -luca.decicco@poliba.it - Politecnico di Bari



Multimedia Congestion Control for RTC

CONGESTION METRIC

Control goal

Avoiding packet losses while controlling delays

One Way Delay = One Way Propagation Delay + Queuing Delay

Cannot do

anything E2E Can control this

Bottleneck link queue

Inst. queue level

—> —>  Queuing delay =
r(t) C Capacity
+—>




CONGESTION CONTROL IN A NUTSHELL

0 Estimate the
OWDV

e Congestion
Detection

e Compute
the rate
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Multimedia Congestion Control for RTC

ESTIMATION

® One Way Delay is affected by offsets (late-comer)
e \We propose to use the OWD variation (OWDV)
OWDV, = OWD, - OWD,

® Intuitively:
OWDVk>O m) delay t rate should be decreased
OWDV <0 =) delay l rate should be increased

What about OWDVk =07




Multimedia Congestion Control for RTC

OWDV =0

What happens when OWDV = 0 at steady-state
(i.,e. OWD, = OWD, , for all k)?

® persistent congestion (queue full)
e persistent underutilization (queue empty)
e persistent standing queue (queue constant)

Some (delay-based) probing is needed




Multimedia Congestion Control for RTC

OWDV ESTIMATION

Sender Receiver
Ti-1
Ti

OWDV.= OWD - OWD, =

i-1
Vfdeo Fame ; —_ - - - =

i
Vi g —
\ - (ti ) ti—l) - | T/ ) Ti—l )
ti

v v Inter-arrival Inter-depar.
time time

A T T
) 2

The measured OWDV is noisy
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Multimedia Congestion Control for RTC

OWDV ESTIMATION

10 g
0
-5
-10
0

Kalman
Filter

dm [ms]




Multimedia Congestion Control for RTC

CONGESTION DETECTION (FIST ATTEMPT)

The estimated OWDV is compared to a threshold to
detect congestion

1 _ _ _
— | | é overuse
g 051 N ________ ] ] _______ 1 ___________ | _____________ ___________ o i
E 0 H\FF&)JH'J /“'fu J/’“J ]("Iru-l normal
_0? ............................. { ............................. { ..... TR [— f ........... I ST T e underuse
0 50 100 150 200
@ Time(s)
d
noral normal . erusenormal/underuse overuse nA,(ti—1) Increase

Ar(t;) =  aR(%;) Decrease

:> Ar(tj—l) Hold
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CONGESTION CONTROL ACTUATION: REMBs

e |ETF RMCAT draft:
draft-alvestrand-rmcat-remb-03
e Specifies the RTCP feedback message to signal the

rate computed by GCC delay-based algo

“The reception of a REMB message [...] SHALL result in the
total bit rate sent on the RTP session this message applies to
being equal to or lower than the bit rate in this message. |[...]
The sender is free to apply additional bandwidth restrictions
based on its own restrictions and estimates.”

® In other words: the sending rate will not exceed
the rate stamped in REMB messages
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Multimedia Congestion Control for RTC

CONGESTION DETECTION WITH A STATIC THRESHOLD: BAD NEWS

There is no static “right” value for the threshold
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Too large!
Too small!
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Multimedia Congestion Control for RTC

SOLUTION: MAKE THE THRESHOLD ADAPTIVE

Idea

® Increase the threshold when m is outside the range [-V,VY]
e Decrease the threshold when m falls back into [-V,Y]

d
B — k(apm(e)] — ()




Multimedia Congestion Control for RTC

ADAPTIVE THRESHOLD RESULTS: GOOD NEWS

STATIC ADAPTIVE
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The adaptive law finds the “right” value for the threshold
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Multimedia Congestion Control for RTC

ADAPTIVE THRESHOLD RESULTS
ADAPTIVE
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Can compete with a TCP greedy flow (but can’t perform miracles)
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Results

SINGLE FLOW - CONSTANT CAPACITY - DIFFERENT QUEUE SIZES

Link Capacity |LJ500( 110001500 l2000

100 !
2 High link
5 90 utilization
= D
£ 06
‘g} 04}
& 02].
2 100f S —— .S — T — o
3 N ﬁﬂl- -/ . QI! :
Tg=150ms Tq=350ms Tg=700ms
Log
(Negligible) losses only when the queue scale

is small (due to the “slow-start” phase)
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Results

GCC VS TCP - CONSTANT CAPACITY - DIFFERENT QUEUE SIZES

ICJGCC O TCP |
100 Link Capacity (kbps) L 11000 [32000 743000
< Y vV N\
Bs.:_r 50 [—— Ef: ................... }\.Z///; \\\:\\/;/f ....... Fair sharing
o 3
g 3 .............................................................................................................
S
E 'I -
= 700
= 500
D 300 5

Tg=150ms Tg= 350ms Tg= TOOm

Cannot perform miracles: losses and queuing due to
competing TCP flow
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TESTBED

EXPERIMENTING WITH GCC: TESTBED

e Video Encoder: VP8
e \ideo sequence: https://people.xiph.org/~thdavies/x264 streams/
e Signalling: https://apprtc.appspot.com/ (modified)
e \Wan Emulation Helpers: GitHub repository
https://apprtc.appspot.com/ E"
Nodel .~ . Node2
G owof]] NetE
1 Fwewo  on/off || e m
tc + TBF . gﬂ%fggr;/ \\ i to set
tosetT and C BT Tomin |
q ) ~ prop. delay
Traffic +J

shaper 3=

oot TCP R TT O [ Y (TCP oelt)
| Sinks : : Sources :

j | Node controller 1 \ | \ Node controller 2 \ |
_________________________ > ST 7 Commands —
Signaling -----
TCP flows —

Controller

GCC flows (RTP/UDP) ——
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Tool for Diagnostic

chrome://webrtc-internals

' [} WebRTC Internals

= c | D

_

webrtc-internals

» Create Dump

https:/lappric.appspot.com/r/155739826

[6515-1]

Q| ® ® %

GetUserMedia Requests

https://apprtc.appspot.com/r/155739826, { servers: [turn:64.233.165.127:19305?transport=udp, turn:
[2A00:1450:4010:C08::7F]:19305?transport=udp, turn:64.233.165.127:443?transport=tcp, turn:
[2A00:1450:4010:C08::7F]:443?transport=tcp, stun:stun.l.google.com:19302], iceTransportType: all,

bundlePolicy: max-bundle, rtcpMuxPolicy: require },

9/22/20186,
9/22/20186,
9/22/20186,
9/22/20186,
9/22/20186,
9/22/20186,
9/22/20186,
9/22/20186,
9/22/20186,
9/22/2016.
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Time

10:54:38 AM
10:54:38 AM
10:54:38 AM
10:54:38 AM
10:54:38 AM
10:54:38 AM
10:54:38 AM
10:54:38 AM
10:54:38 AM
10:54:38 AM

Event
» addStream
» createOffer
onRenegotiationNeeded
P> createOfferOnSuccess
» setLocalDescription
» signalingStateChange
setLocalDescriptionOnSuccess
P> iceGatheringStateChange
» oniceCandidate

P onlceCandidate

PeerConnection
Events
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Tool for Diagnostic

chrome://webrtc-internals: Dump diagnostic

[} WebRTC Internals X

= Gl [ C webrtc-internals

¥ Create Dump
Download the PeerConnection updates and stats data

Enable diagnostic audio recordings

A diagnostic audio recording is used for analyzing audio problems. It
speaker and recorded from the microphone and is saved to the local
WebRTC calls and for future WebRTC calls. When the box is unchec
and this recording functionality will be disabled for future WebRTC cz
recordings in the same tab. When enabling, you select a base filenar

<base filename>.<render process |D>.aec_dump.<recording |ID>
<base filename>.<render process |ID>.source_input.<stream ID>.wa

If recordings are disabled and then enabled using the same base file
AEC dump file will be appended to and may become invalid. It is rec
produced files before enabling again.

Luca De Cicco -luca.decicco@poliba.it - Politecnico di Bari

3. Click here

2. Start the call

4. End the call

5. Post process the
results with
rtp_analyzer.sh

¥ Enable diagnostic packet and event recording 1 Click here
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Tool for Diagnostic

chrome://webrtc-internals : Real-time metrics plot
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CONCLUSION

CONCLUSION

The analyzed congestion control algorithm:

1. Tracks the link capacity and provides fairness
in the presence of concurrent flows
2. Keeps queuing delays small

Future work

1. Move all the logic at the sender
2. Push forward the standardization
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