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Low Latency, Low Loss, and Scalable
Throughput (L4S)

« DCTCP [SIGCOMM2010]D 741 T 7
- RT =57 )L38R&EHE © Scalable TCP[Kelly2003]
- ECNZBRHES [CEE USRI THIR
- 2015FE D SIETFTIZE L (CRIF7EEED
« 2023F1A(CRFC 3=
- RFC9330: L4S architecture
- RFC9331: ECN protocol for L4S
- RFC9332: DualQ coupled AQM for L4S
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- TCP Prague in Linux, Apple next MacOS/iOS, Google QUIC, DOCSIS 3.1
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c WABAREENLEE. BHRHAES([E>TLTHHD (S LY
- IETF CTHEHMDWGTZE(LHIETT « tsvwg, tcpm, icerg, etc

* IOFERHSDQOSWIPNgD 7 A T 77 DF

7 DRESE

- LAS(ETHEDDIRELEWVWS LD DI 2 =57+ DR DEKAR
» RED (CCR1991), ECN (CCR1994, RFC3168 2001)

- diffserv (RFC2475, 1998), IPv6 (RFC2460, 1998)
» Scalable TCP (2003), high-speed TCP, Fast TCP, etc.

« DCTCP (SIGCOMM2010)
- accurate ECN (ID2011-)

« |ETF: TCP Prague requirements for L4S (2015) ZZH 59 TIC9x




scalable congestion control
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Figure 1: Traditional TCP scaling properties. Figure 2: Scalable TCP scaling properties.
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The trick: scalable congestion control

@ Today (typical) @ Today (at best) ©, Unacceptable @ L4S
Bottleneck Bloated drop-tail buffer AQM Shallower AQM Immediate AQM
Sender CC Classic Classic Classic Scalable (tiny saw-teeth)
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DCTCP

2 aIi (CTCP £ ECNZHGE (SIGCOMM2010, RFC8257 2017)

- ECN: B85S ZBIRES(CREA. T D E{tZXERITTE®

- TCP: 888553

- KIBITH:

FRECHE

& 7= (FewndZfE/\

Data Center TCP Algorithm

Switch side: B mark K Don’t
I Mark
« Mark packets when Queue Length > K ;

|
Sender side:
« Maintain moving average of fraction of marked packets ( @)

cach RTT: F=2 Ofmarked ACKs - = 1 _ o)+ oF
Total # of ACKs

« Adaptive congestion window decrease: I « (1—%)W

[tsv84-2012]
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More Accurate ECN feedback

* Accurate ECN: 3EY FDHDOVHEZT 1 —KI\v D
- BIFEDTCPO S50 D3EY hZZmHERD
- DRV Y3 VHEIRICaccECNZES HZERD
 ECN++: ECN for control packets (e.g. SYN)
* (BIRMACQUICIFECNAD VHEZIRT TR EZDTLND)

Codepoint Binary Meaning
0 3 4 6 7 8 9 10 11 12 13 14 15
Not-ECT 00 Not ECN-Capable Transport CIETUTATPIRTS T
ECTO) 10 ECN-Capable Transport (Classic) Header Length | Reserved ‘é wWiclrRICcls!|sl|yll
ECT(1) Ol ECN-Capable Transport (L4S) R|E|G|K|H|T|N|N
CE 11 Congestion Experienced

2 bit ECN field in IP header

12

3 bits in TCP header flag field




Dual Queue Coupled AQM

» LASZEEIR I SR/IRDIKEZT ER
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Fig. 3: Dual Queue Coupled AQM: Structure
|Schepper2022]
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« RFC9330 (2023-01 Informational): Low Latency, Low Loss, and Scalable Throughput (L4S) Internet Service: Architecture

- B. Briscoe (editor, Independent), K.D. Schepper (Nokia Bell Labs), M. Bagnulo (Universidad Carlos lll de Madrid), G. White
(CablelLabs)

« RFC9331 (2023-01 Experimental): The Explicit Congestion Notification (ECN) Protocol for Low Latency, Low Loss, and Scalable
Throughput (L4S)

- K.D. Schepper (Nokia Bell Labs), B. Briscoe (editor, Independent)

« RFC9332 (2023-01 Experimental): Dual-Queue Coupled Active Queue Management (AQM) for Low Latency, Low Loss, and
Scalable Throughput (L4S)

- K.D. Schepper (Nokia Bell Labs), B. Briscoe (editor, Independent), G. White (CablelLabs)
* Internet Drafts:

- More Accurate ECN Feedback in TCP

- ECN++: Adding Explicit Congestion Notification (ECN) to TCP Control Packets

- Non-Queue-Building Per-Hop Behavior (NQB PHB) for Differentiated Services

- Operational Guidance on Coexistence with Classic ECN during L4S Deployment

- ISP Dual Queue Networking Deployment Recommendations
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 Linux Prague TCP/QUIC: L4S development hub
- https://github.com/L4STeam
* Apple
- WWDC2023: Reduce network delays with L4S
- developer: testing_and_debugging_|4s_in_your_app
* L4S on 10S,iPad0S,MacOS can be turned on in Developer settings
» apple’s QUIC supports L4S, TCP supports only receiver-side
» Google
- BBRvZ2 TCP/QUIC supports L4S
 Comcast: Low Latency DOCSIS field tests since 2023, reported at [tsvwg118-2023][nanog90-2024]
* Nokia and Vodafone: first trial of L4S technology over an end-to-end PON (April 2024)
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