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2 topics

Understanding L4S for WiFi

Can we adapt DualPI2 to WiFi MAC Latency?

Can we improve WiFi MAC Latency?
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How to adapt the L4S AQM to the WiFi MAC?
WiFi MAC latency exposed

Understanding L4S for WiFi

WiFi MAC jitter

WiFi TXOP

Large undeterministic peek latency
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WiFi TXOP WiFi MAC jitterWiFi MAC jitter

Transmitting

Receiving

Busy channel Busy channel

Random backoff time Random backoff time
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Wi-Fi L4S Latency tests: Topology

Understanding L4S for WiFi

WiFi sniffer

WAN Link
UDP upload

WiFi TXOP plots

STA_1

L4S and Cubic Server

WiFi Latency in congested (continuous contending) channel on 2 STAs, sending 200Mbps UDP (full buffer) in same channel

WAN Link
UDP upload

STA_2

full buffer

full buffer



© 2024 Nokia5

AC_BE: TXOP = 2.5ms  &  Inter-TXOP avg/peek = 5ms/100ms

Understanding L4S for WiFi
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Paced Prague IP packets

>1ms

Aggregated
Frames

Aggregation
buffer

Wi-Fi device

L4S using 1ms sojourn is not going to work at all…
All packets exceed 1ms sojourn, so different marking strategy

Understanding L4S for WiFi

2ms – 100ms

RFC 9332: 1ms sojourn? 
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L4S AQM for Wi-Fi

Understanding L4S for WiFi

Paced Prague IP packets

>TXOP size

Aggregated
Frames

Aggregation
buffer

Wi-Fi device

>TXOP size

Aggregation
buffer

Wi-Fi device

AQM threshold set based on TXOP size = dependent on MCS and TXOP time

Allow a TXOP of aggregation:
CE mark packets that won’t fit in current TXOP



© 2024 Nokia8 Understanding L4S for WiFi

Classic Latency

L4S Latency

Classic Thruput

L4S Thruput

P99 Latency

L4S: 13 ms

Classic: 274 ms

Nokia Beacon 6 WiFi AP
Reduced channel conditions (20MHz) and contention
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L4S Coupled AQM for Wi-Fi

Understanding L4S for WiFi

Aggregation
Buffer$

Wi-Fi device

* W-Agg = a Weighted Aggregator, making sure that L4S can fill up to 90% of the next TXOP
$ Aggregation should optimally be limited to one TXOP

ect(1),
ce

ect(0), 
non-ect

L4S

Classic
W-Agg*

90%

10%

PI2

>TXOP

Coupled marking

Loading L4S packets with priority, top-up with Classic packets
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L4S Coupled AQM for Wi-Fi
Above 90% loaded, Classic Packets get priority and L4S AQM is triggered

Understanding L4S for WiFi

Aggregation
Buffer$

Wi-Fi device

W-Agg*
90%

10%

PI2

>TXOP

Coupled marking

90%

* W-Agg = a Weighted Aggregator, making sure that L4S can fill up to 90% of the next TXOP
$ Aggregation should optimally be limited to one TXOP

ect(1),
ce

ect(0), 
non-ect

L4S

Classic
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L4S Coupled AQM for Wi-Fi
If Classic AQM is triggered, also pushing back L4S with marks

Understanding L4S for WiFi

Aggregation
Buffer$

Wi-Fi device

W-Agg*
90%

10%

PI2

>TXOP

Coupled marking

p²
2p

* W-Agg = a Weighted Aggregator, making sure that L4S can fill up to 90% of the next TXOP
$ Aggregation should optimally be limited to one TXOP

ect(1),
ce

ect(0), 
non-ect

L4S

Classic
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L4S is implementable and very important for Wi-Fi
Wi-Fi is very important for L4S

• L4S drastically reduces Latency-under-Load 

• Benefit is easily10x lower latencies

• Cost is less than 2x rate reduction

• Proven technology

• L4S in Nokia Wi-Fi APs since 2019 on top of many existing chipsets

Understanding L4S for WiFi
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2 topics

Understanding L4S for WiFi

Can we adapt DualPI2 to WiFi MAC Latency?

Can we improve WiFi MAC Latency?
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Wi-Fi L4S Latency tests: Topology with different EDCA configs

Understanding L4S for WiFi

WiFi sniffer

WAN Link
UDP upload

WiFi TXOP plots

STA_1

L4S and Cubic Server

WiFi Latency in congested (continuous contending) channel on 2 STAs, sending 200Mbps UDP (full buffer) in same channel

WAN Link
UDP upload

STA_2

full buffer

full buffer

EDCAconfigurations:
AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)

WMM?

NEW?
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AC_BE: TXOP = 2.5ms  &  Inter-TXOP avg/peek = 5ms/100ms

Understanding L4S for WiFi

EDCA configurations:
AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)
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AC_VI: TXOP = 3ms  &  Inter-TXOP avg/peek = 6ms/30ms

Understanding L4S for WiFi

EDCA configurations:
AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)
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AC_VO: TXOP = 1.5ms  &  Inter-TXOP avg/peek = 3ms/15ms

Understanding L4S for WiFi

EDCA configurations:
AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)
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NEW: TXOP = 1ms  &  Inter-TXOP avg/peek = 2ms/10ms

Understanding L4S for WiFi

EDCA configurations:
AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)
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Understanding L4S for WiFi
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EDCA configurations:

AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)

Video and Voice WMM categories perform better at the cost of Best Effort:
Lower latency, but causing high latency for Best Effort and
very unfair for Best Effort’s throughput…
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EDCA configurations:

AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)

Video and Voice WMM categories are losing most of the advantages when competing with themselves…
Throughput and latency becoming even worser than best effort when more of the same compete

Only one application can use it??
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EDCA configurations:

AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)

A single new category is enough:
it is always better for latency, also for itself

No need for differentiation,
at the cost of a bit lower “speedtest” throughput (=test on one device)

Throughput also becomes rapidly better than WMM
when more devices use the NW in parallel
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EDCA configurations:

AC_BE (3/15/1023/2.5ms)

AC_VI (2/7/15/3ms)

AC_VO (2/3/7/1.5ms)

NEW (1/15/15/1ms)

The new category is also better for your nice neighbors that use only best effort
and better resilient for your (not so fair) neighbors that use WMM
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Conclusion?

Forget WMM: (avoid using AC_VI and AC_VO ?)

Very unfair and not a scalable solution!

Part of the problem, not the solution…

Define better MAC, 

Rethink MAC with lowest Latency and jitter as objective 

instead of highest Throughput

Understanding L4S for WiFi
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Understanding L4S for WiFi

Questions?

koen.de_schepper@nokia-bell-labs.com

Low Loss, Low Latency and Scalable Throughput

RFC 9330, RFC 9331 and RFC 9332

Linux Open-Source repository, many contributors
 L4STeam/linux: Kernel for TCP Prague and Dualpi2 (github.com)

     L4STeam/udp_prague: Prague congestion control protocol for UDP-based very interactive apps

https://github.com/L4STeam/linux#linux-kernel-tree-with-l4s-patches
https://github.com/L4STeam/udp_prague/
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