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WCXW Use-cases for Ethernet in vehicles

Infotainment

* Highdatarates

* Interfacingto

* Synchronous traffic  Continuous streaming external tools Bandwidth
. . guarantees:
° Mlxed aUd|O and . Can be used by ADAS ° ngh throughput e.g. 10Mb|t/5

video data

needed
e MOST like TGRS 10-30ms latency constraints per image (e.g. 42 frames)

Control functions * Time-sensitive communication

 Small and large data payload

Cover CAN / Flexray use cases

e.g., sub-10ms
latency constraints

1 TWISTED-PAIR
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Main TSN QoS protocols on top of Ethernet

Temporal QoS = managing interfering traffic

Priority-based

IEEES02.1Q

8 priority levels for streams

Benefits:

v'standard and simple
vefficient at the highest priority
v'can be used with shaping in
transmission (“pre-shaping”)
Limitations:

v’ not fine-grained enough to
for all kinds of requirements

v'starvation at lowest priority
levels with bursty traffic

Traffic Shaping
AVB / Credit-Based

Shaper (CBS)

Two egress queues shaped +
6 priority levels below

Benefits:
v’ Perf. guarantee for AVB classes

v" No starvation for best-effort
traffic

Limitations:
v’ Per class (not stream) shaping
v Not for control traffic

v Not flexible enough with
standard configuration (CMI)

Time-triggered (TT)
TSN / Time-Aware

Shaper (TAS)

TAS defines egress ports’
gate schedule (open/close)

Benefits:

v’ Strong time constraints can
be met

v' Can be combined with AVB

Limitations:
v Hard to configure
v Rely on a global clock

v' Task sched. must be tailored
to communication for best perf.
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Main TSN QoS protocols on top of Ethernet

Priority-based

IEEES02.1Q

8 priority levels for streams

Traffic Shaping
AVB / Credit-Based

Shaper (CBS)

Two egress queues shaped +
6 priority levels below

Temporal QoS = managing interfering traffic

Time-triggered (TT)
TSN / Time-Aware

Shaper (TAS)

TAS defines egress ports’
gate schedule (open/close)

Benefits:
v'standard and simple

v'can be used with sh

Limitations:

In the picture too

vefficient at the highe v Frame-preemption (Qbu+3br)
ransmission (‘pre-sh: ¥ Asynchronous traffic shaping (Qcr)
v' Cyclic Queuing & Forwarding (Qch)

>.

J time constraints can

e combined with AVB

ons:

v’ not fine-grained enough to
for all kinds of requirements

v'starvation at lowest priority
levels with bursty traffic

v’ Per class (not stream) shaping
v Not for control traffic

v Not flexible enough with
standard configuration (CMI)

v Hard to configure
v Rely on a global clock

v' Task sched. must be tailored
to communication for best perf.
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QoS support in the switches — on each output port

TAs Time-Triggered
ST queue Transmission
L
SR Class A queue ——
wn Py
< 8 %
Traffic |~ =
SR Class B queue j =
Shapingr— S
- 5
---""".'...l.-...-l
SR Class BE queue
1 —

Up to 8 priority level overall

Priority-
Based
Scheduling

+
Frame
Preemption

[Figure inspired from Ashjaei2017]
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et Under IEEE802.1Q — 3rd hop

FrameSet |[a] Metwork traversal times of 'UC34' to 'DM3' after 2d ‘[:] Metwork traversal times of 'UC34' to 'DM3' after 2d I[c] Metwork traversal times of 'UC8' to 'Displayl’ after 2d 12 I [a] Metwork traversal times of 'UCE' to 'Displayl’ after 2d |
DM3:P1 (->Switch3) |Switch3:PT {->Switch2) | Switch2:P2 (->Switch4) | Switch4:P1 (->Di;p|ay1]| 8 - al -
A\ -
Zoom: D |- |+ Show: d h m s ms Hs Scenario start  Start of Maximum  End of Maximum / \

“Best-effort
o ;] streams
Obtained by

simulation

Under AVB/CBS - 3rd hop in RTaW-Pegase

FrameSet ‘ [a] MWetwork traversal times of 'UC34' to 'DM3' after 2d |[c] Metwork traversal times of 'UC34' to 'DM3' after 2d | [c] Metwork traversal times of 'UC8' to 'Display1’ after 2d I[a] Metwork traversal times of 'UCB' to 'Display1’ after 2d &% ]
DM3:P1 (->Switch3) | Switch3:P1 [->Switch) | Switch2:P2 (> Switchd) | Switch4:P1 [->Display1)

— — - T
— _—
Zoom: | - — | |++ Show: d h m s ms ps Scenario start  Start of Maximum Endtﬂumum

.x -~ Best effort streams

UCHp=3)  m ' " " ' . n 7z - n ' h im n " B %
" a [ l " a ' b | n n \
1 1 ! 1 ! 1 1 1 a ! [ LI a a 1
UC3 (p=5) a ] 1 | i | a | i i il I L] ] 1 1 a a a 1 i | a | a i a ) 1 a 1 '
. A ] . a i . 1 i . i 1 N A ] . 1 . i ! .
UC35 (p=5) L] a ] . ; . n ' [ ] . a . " . /
a n ~ a a n ] n
| | —
UGS (p=2) ! ~ — — wmm _— o - -~
’ a —y -
— —-— —d
—
U9 (p=1) H I h e ~
( [ ] ] m B ] m

— ) ', .'n .'n II'm I.III- m‘_.;] II:';I :]".l )'
AVB SRA oty o _ P /

SAE INTERNATIONAL streams




WCXWORLD

e TSN/TAS: coordinating gate scheduling tables

SENAING N0AG s White bands = transmission allowed i
e e e R s S
HeadUnitC5_9 (p=0) ']: g reM ban d S - n Ot a.l I OWEd )
HeadUnitC5_8 (p=0) II: i
HeadUnitCs_7 (p=0) : i !
. I |
Switch #1 i :
Ix- Laaaan :;:_._ | . ‘:'I::.I ay= 25ms 244y
MultiMedia (p=2) gk = o=
LeftCamV (p=1) : -,].l',|.",l.l',:'f..",..l',|.'f|..',|.l',|.'f|.",.
FrontCamV (p=1) |
1
.-JI ‘3
1
RightCam(5 7 (p=0 A
I i
Switch #2 i
e i 'f___l rx,_d_'l },_‘__iSmsBMu
TopViewC5_9 (p=0) il : 9 1 s
| N i |
TopViewC5_8 (p=0) “1 i ¥
. H 1 : | /
TopViewC5_7 (p=0) ! i I |
¥ ¥
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Pre-shaping mechanism
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IEEE802.1Q with pre-shaping in transmission

— Pre-shaping = inserting “well-
chosen” minimum distance between

frames of a segmented message
on the sender side only — other
characteristics of traffic unchanged

Obijective is to spread out
transmissions to reduce latencies
of lower priority traffic
Pre-shaping typically applies to
video streams to improve perf. of
best-effort

B g

The last packet of the segmented
message must be received by the
deadline, typically 16.66ms for
60FPS camera

Deadline (D)

N

Sending link Receiving link

A 4
Delay i.1

A

[F| Deldyi2

v
Commu
Laté
A

Delafy i,3
v

A

Delafy i3

v 5

Receiving side

nication

ERGEEE

|Fil]Fiz2

Fi3|Fia|

Reassembling

Sending side
| Image i |
A :
Fragmentation
|rid]Fiz2|Fi3]|Fia]
B ~
i1
§A i -
idle Téme (1)
[Fiz2]Fia[Fid] v |
F ™ -
i.2
A -
idle Téme (1)
[Fis[Fia] v |
F ™ -
i.3
A -
idle Téme (1)
Fi4 v
3
i.4
w~
X
| Image i+1 |
v
Time line

| Image i |

/
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WCX Pre-shaping in practice

_ NO need for dedlcated HW unllke CBS & Mame \E’riurit}r MinDistance MaxSize Sender Receiver
TAS, implemented in SW in end-systems uca? 0 10ms  256byte CAM1  DM3
. C27 0 10 ms 256 byte  CAM!1 DA
— Not part of TSN but not forbidden! ues3 0 10ms  26byte CAMA  DM3
. o . ucz2 0 8ms 1024 byte  DM1 ECU3
— Flnd DrlOrltIES and fransmission pauses ucis3 1 1,25 ms 236 byte DM3 ECU2
UC14 1 1,25 ms 128 byte DM3 ECLIZ
between frames of segmented messages ;s 1 125ms | 128byte | DMB ccup
Ucie 1 1,25 ms 128 byte DM3 ECLIZ
SUCh that U1y 1 1,25 ms 128 byte DM3 ECLIZ2
_ 1 _ LIC18 1 1,25 ms 128 byte DM3 ECLZ2
a” burSty frames SUbJeCt to pre UC1g 1 1,25 ms 256 byte  DM3 ECLIZ
shaping meet their deadlines, uc2s | o LSms  2ebye ECL2 DM3
] o uce 2 3ms/32ms, 10x1246 byte DM3 Display2
— while m|n|m|z|ng as much as uce 2 | 1ms,razm;| 30x 1446 byte  DM3 Display1
. . uc1o 2 I 1rms /32 msl 30 1046 byte  DM3 Display3
possible the latency of frames in uon 2" 1ms/3msy 1x1M6byte DM3  Displayd
1 1 1 UC26 2 I Tms/32ms 30x 1446 byte CAMI e
Iower prlorlty traﬂ:lc Classes C32 2 I 05ms /16 msl 30 % 1446 byte CAM4 kA3
UC3e 2 I'I]j?_dmsHP_ms 30x 1446 byte CAM3 Dr
Setting idle-times by hand is not practical - Pt Dxihhre S W
— “PRESH?” algorithm in RTaW-Pegase
automates it
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Case-study
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WCXWC Renault Ethernet prototype network

4 Cameras - 30 and 60fps

3 control units

CAT CAM2 CAM3 Display1 ECU1 Display3 Display4 CAM4 ECv2 ECU3 #Nodes 14
27%y| #Switches 5
0
T43% \ / #streams 41
_ Switchs Workload per Min: <1%,
\ link med:11%
j \ N46% N\ max:60%
\ \ Link data rates 100Mbit/s and
Display2 1Gbit/s (1 link)

\ 50% L L3+ ;
4 Displays ‘ 3 domain
A60%
 Switefi3 00% DM2 master
7135%

—249%

Swila¥]
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WC W Case-study: 4 types of traffic

Audio streams * 8 streams
* 128 and 256 byte frames
* up to sub-10ms periods
and deadlines
I Video Streams * 2 ADAS + 6 Vision streams ! W| [0 h p fe-s h ap N g
* up to 30*1446byte frame each I . . .
l 16ms (60FPS) or each | N transm|SS|On
| 33ms (30FPS) |
I * 10ms (ADAS) or 30ms — e e
I deadline (Vision) I Name Priority I MinDistance MaxSize Sender Receiver
* hardandsoft I yoo 2l ameym: ms | 101245 byte DM3 Display2
| deadline constraints I I I -
— CommEnd T CoTreT = Mstroars 50 5107 — — — uca 2 1ms /32 ms | 30 x 1446 byte DM3 Dfspla],r'l
byte frames ucio 2] Tms/32ms 1 30 x 1046 byte DM3 Display3
* up to sub-10ms periods Uc1l Zz I Tms/32ms | 30x 1046 byte DM3 Display4
and deadlines UC26 2 i Tms/32ms | 30x 1446 byte CAMT DM3
* deadline constraints (hard) uc32 2 0,5ms /16 ms I 30 % 1446 byte CAM4 DM3
Best-effort: File, data ® 14 streams including TFTP UC36 2 "0324ms/3dms 30x1446 byte CAM3I DI
transfer, diagnostics traffic pattern uca7 2 loz2ams/32ms " 30x 1446 byte  CAMRZ DM1
¢ up to 0.2ms periods e
* both throughput guarantees (up P re-s h ap In g p aram eters
to 20Mbits per stream) and '
deadline constraints (soft) fo r th € 8 Vi d €0 Stream S /
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Case-study: IEEE802.1Q priorities

0O

]

|

Command & Control (C&C) Top priority |
|

|

|

Audio Streams Second priority :
level :

|

_ |
Video Streams Third priority level :
|

|

File & data transfer, diag. :
|

\/

sannond buisealdag
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WCX Verification techniques

| Used in L __ | Upper-bound with
4 | this study ! schedulability analysis

(Actual) worst-case

|
: traversal time (WCTT)
Y

£ Q4 Qs i
E | Simulation i
©) ! 1
= 1 Mmax. 1
- l ] :
: l :

I 1 |

I 1 |

I 1 1

I 1 1

| 7 v v N
. Y A Y A Y / Response time
Easily observable events Infrequent events Schedulability
Testbed & Long analysis

Simulation Simulation

v Long simulation here = 48 hours of driving = 350 000 transmissions for 500ms frames
v' Metrics: communication latencies, bandwidth usage and buffer occupancies
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WCX Toolset & Techniques

— RTaW-Pegase: modeling / analysis /

configuration of Ethernet TSN (automotive,

avionics, industry) + CAN (FD)

— Developed since 2009 in partnership
with Onera

— Users across several industries, e.g; Daimler Cars, Airbus Helicopters, CNES, ABB

Techniques used

— Worst-case Traversal Time (WCTT) analysis — used for deadline constraints
— Timing-accurate Simulation — used for average & throughput constraints
— Optimization algorithms for setting the parameters of all supported protocols

SAE INTERNATIONAL
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Average latencies (ms)

IEEE802.1Q with pre-shaping for Video
Average latencies for best-effort streams

IEEE802.1Q
IEEE802.1Q
shaping

AVB Tight Id

= = [ [
[ 5] (4 Ln

[
=

_ Deadlines of C&C, Video, Audio met
with pre- — like without Pre-shaping

e-Slope / \

o =

Pre-shaping under IEEE802.1Q improves
average latencies for best-effort streams by |

performance as using AVB custom classes

54% on average — up to 86% — similar

e SRS SSS—

—

‘ﬁh-——-

—

1

0,4 __._J
0,3 /

10 11 12 13 14 15 16 17 18 19
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NS orp IEEE802.1Q with pre-shaping for Video

WY CONGRESS

Worst-case latencies for best-effort streams

“ | |EEES02.1Q

“ | IEEE802.1Q with pre- —
“ | shaping

| AVB Tight Idle-Slope

[
[i=] (=]

Pre-shaping under IEEE802.1Q improves —
worst-case latencies for best-effort streams
by 66% on average — up to 90% - similar
performance as using AVB custom classes

| | —
AL TN

- 10 11 12 13 14 15 16 17 18 19

Worst-case latencies (ms)
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Discussion & conclusion
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WCX Pre-shaping Pros and Cons

— Simple, compatible with standard IEEE801Q HW and as effective as AVB/CBS in our
experiments but

1. No protection against “babbling idiots” unlike CBS and TAS — per stream policing of Qci
could offer a solution

2. Adding frames to the system may require a reconfiguration of all flows subject to pre-
shaping (unlike AVB with standard parameters)

3. Setting pre-shaping parameters requires dedicated tool support
As there is no reshaping along a path, efficiency decreases with the number of hops

5. Pre-shaping is an additional specification to ECU suppliers which has a cost for OEMSs,
but pre-shaping can be implemented on a subset of nodes only (e.g., 5 out of 14 In
our case-study)

SAE INTERNATIONAL
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