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Audio / Video Bridging, AVB Gen 1

New mechanism for Ethernet specified from IEEE 802.1 AVB working
group for Version 1.0

Synchronization protocol and hardware time stamping for time
accuracy << 1us in bridged Ethernet network

To guarantee QoS for streams the AVB standard has specified:

Forwarding and queuing enhancements in network components to
guarantee determinism and max. latency < 2ms for streams

Multiple Stream Reservation Protocol to guarantee resources in network
components and to avoid packet lost

Synchronization and guaranteed QoS are basic requirements
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AVB Gen 1 Mechanismen (1)

m Separate Traffic Class for AV Streams Default regenerated

0 Stream Class A with 125 ms transmission period |SR De_faf't“ priority for Range
and max. latency of 2ms over 7 hops e e =T O

ports
O Stream Class B with 250 ms transmission period A 3 1 0-7
and max. latency of 20ms over 7 hops B 2 1 0-7
= Bandwidth reservatiion (MSRP)
0 AV End Station & AV-Bridge
QO Follows RSTP data tree A Class A SRP
. . Domain
0O Restricted bandwidth Logacy AV Legacy
(75% of available bandwidth for AV Streams) Bridge | ILEHESE
O Domain boundaries -
0 Avoid flooding for AV streams
O 64-Bit StreamID (Talker SA + ID)
; : - . AV- Class B SRP
O 32-Bit TSpec (MaxFrameSize, MaxTransmitionPeriod) Bridge Domain
.1AS capable
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AVB Gen 1 Mechanismen (2)

= AV-Bridge Extensions
0 Per SR Class Queue
O Per SR Class separate Resources
0 Credit based transmission selection algorithmus

Increasing
credit
A
H hiCredita
AV-Bridges
§ idleSlope Rx
C: Credit- et =0
redit limit =
Based when no frames \ sendSlope Wx

are waiting

w [Increasing

‘ .
| e

| 0 \< -
|

I

!

\

802.1Q + AVB-Extention )
loCredita
number of Credit >= 0, so frame B transmitted
queued frames immediately after frame A Frame C delayed until credit
returns to zero
g Frame C
1 | Frame B Frc
Frame A FrB Frame C ~
‘ »
transmitted
data
A
‘ conflicting Frames Fr.A Fr.B ‘ Fr.C
»
Ll
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Requirements from Industry for AVB Gen 2

m Enhancements for gPTP
aUniversal time and working clock for synchronized applications
QlIndustrial parameter set
aHigh availability of synchronization (guaranteed take over time)
QSecurity

m Ultra low latency for control traffic which is used for industrial applications

m Media redundancy for high availability industrial applications
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New Ultra Low Latency (ULL) Traffic Class for Streams SIEMENS
from Automation Perspective

Typical traffic pattern for control traffic
ULL Stream for automation applications

-------- Transmission Time Application Time--—---eeeeeeeey
A Transmission Order
Tx
@ Controller P time
Rx ‘
S - - - typical traffic pattern for
T (2 - .
UL A industrial closed-loop-
PROLE applications A
12X
S oos
PROLL
¢ Devices
1 O
X )]
x ’_®DD
P time
Tx Tx
———makespan—»

Transmission of all ULL Streams within transmission time
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Objectives to guarantee ultra low latency

QPredictable bandwidth (traffic load) and resources
QUse appropriate (e.g. shortest) communication path

aMinimize delays for ULL Streams caused by

a Traffic shaper
0 Bubbling talker
a Traffic congestion

a Interference from
- legacy traffic and other traffic classes (e.g. AV Streams)

- other ULL Streams
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Proposed Mechanism for ULL Streams (1)

= A new Traffic Class for Ultra low Latency (ULL) Streams
(e.g. combinable with AV Stream class A)

O Range of transmission periods in steps of 2N x 31,25us
(31,25us - 1Tms)
O Worst case latency (max. E2E Latency) over all received ULL Streams within

transmission period,
required latency < 2 us / Gb hop (length < 64 Bytes by empty tx queue)

Multiple transmission periods in parallel

Transmission Transmission Transmission Transmission Transmission
period period period period period
1/2a| 4a 1|2b| 4b 1|2al4c 1|2b| 4d 1|2a 4a control systems
k2 e'giPLC
Transmission Transmission Transmission Transmission Transmission
period period period period period
control systems
_ 1paj04a 4b‘4c‘4d m 1.2b ﬂ 1]2al2b]4a | 4b ‘40‘4d L_» e.g. motion
control
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Proposed Mechanism for ULL Streams (2)

- - AVC-Bridges
s Forwarding and queuing enhancements o e
for bridges and end stations
0 ULL SR Class Queue e
O ULL SR Class separate Resources UL Stomm
O Enhanced traffic shaper in bridges and esecy ) Preemption [(2) _legac fame
end station for ULL Streams Port \”CD f@, Port
O isochronous transmission for ULL oree oree
. ULL stream
Streams by end station DA
. ET
Q Dbursty or time aware scheduler for I
ULL Streams in bridges “rames.
(e.g. get always highest priority when ULL Stream T | Payioad SA T
is in transmit queue) J = i s
Payload §§ E
a Cut Through Fos Fragment | 3¢ &
legacy ve i
0 Pre-emption for ULL Streams Frame
O Peer-to-Peer fragmentation of legacy Fragment 2
traffIC and AV Streams On demand Ilfgz:dbA Reserved Multicast Address
ET Ethertype of fragment
FragFCS FCS is signaling a fragment
Payload
Fragment 3
FCS
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Proposed Mechanism for ULL Streams (3)

Specify mechanism and strategy to avoid and resolve traffic congestion
of ULL Streams

O Identify overload situations (e.g. bubbling idiot) and aged ULL Streams
O Discard these conflicting ULL Streams

Minimize interference of ULL Streams in bridges
O Support for optimized sequence of ULL Steams on egress port
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Proposed Mechanism for ULL Streams (4)

= Calculable and guaranteed bandwidth and resources

O Routing
O Transmission path for ULL Streams is independent from RSTP
O Guaranteed bandwidth
O Shortest path
Q

Multiple path for high availability
- Duplicated ULL Stream in parallel over 2nd independent shortest communication path

Configuration of shortest communication path with topology network information

+ offline — engineered
+ at runtime — centralized or decentralized with routing protocol

A <-> B communication path with RSTP | Shortest Path
I for ULL Streams

RSTP
data tree

L]
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Proposed Mechanism for ULL Streams (5)

Q Scheduling
O transmission time to minimize make span
O minimize and guaranteed resources in bridges for ULL Streams

Configuration of schedule with topology network information
+ offline — engineered

+ at runtime — centralized or decentralized with routing protocol

Scheduling
S|S|S|S B1 B4 B0 B5 S
17 (16 [ 15| 14 54
) ) ., ) Tx Tx Tx 1|Tx 1 [Tx 1]Tx 2][Tx 3[Tx 4[Tx 5]Tx 6]Tx 7[Tx 8] ... [Tx8|Tx 1]Tx 2][Tx 3[Tx 4]Tx 5[Tx 1[Tx 2]Tx 3][Tx 4|Rx 1
The following slides show a scenario for scheduling: S -
12/17]|12/16|12/15|12/14]|11/14|
13/17]13/16|13/15|13/14|11/15|12/14
o 51/17144/16|34/15|24/14]11/16]12/15/13/14|
Assumption: L
. . 12/17|13/16 34/15] %
All end station are synchronized (i ué‘iﬁl? ‘6’3’ g
. 17/47 37/45|45/26|51/17
ULL Streams are transmitted over shortest path = >
Same packet length for all ULL Streams (packet slot) o
No interference legacy traffic or additional delays —
No pre-emption
No bridge delay

E2E hop count is always 4
Store & Forward for ULL Streams
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Scenario: Routing & Scheduling for ULL Streams (1)

Agenda:

Example for Schedulin
P 9 S: end station
BO —— B: bridge
1 2 4
—> -
- —>
B1 I — ¢ T T ¢ B4 S
1 2 3 4 5 6 7 1 2 3 4 6 7
m 121 14 15 1 17 47 46 45 44
to to to to to to to to
51 52 53 54
|::Xz| |::Xz| |€X::| 24 34 44 51 17 27 37 54 |EX::| |€X::|
na bz TxO of Station S TxO of Station S
® G 6 . e — ., ONONO
41

24
o} to

|::Xz| 15 35 45 52 16 26 46 53 |::XE| |::Xz| |::Xz|
TxO of Station S

TxO of Station S

B2

11 12 13
(s) (s) - . ONONO
21 22 23 TxO (transmission order for end station, DA) 33 32 3
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3 4 5 6 7 B1 3 2 3
Sou oo -
HEER RS I L
(S)

Seite 14 17.01.2012




SIEMENS

Scenario: Routing & Scheduling for ULL Streams (2)

51; 44; 34; 24; p; p; p— P>

<&— p;p;p; p; 15,16, 17

B1

1 2

EINET G
EARERE

ORONO,

11 12

Seite 15

(s)

14

S

51
TxO of Statlon S

27

26

24
p
p
p;
p;

Worst Case Latency without optimized Scheduling Agenda:
S: end station
B0 —— B: bridge
1 5 4
54 p: empty packet slot
o < p; p; 17; 27; 37; 54
5,,1;; 46; 45; 44; p; p; p; P; P; p— P>
p;
p;
p;
p; 37
P; 853
%3 AT 34; 6 7
p;
B 5 —><— p; | P é é é
é é é é P | b 46 44
16; ’ to
26; ¢
45.% 17 27 37 54 |::Xz| |::XE|
TxO of Station S
4 5 6 7 @ e @
43 42 41

2 6 7
| [x [xj é é@ é é@
24 25 26 27
to to to to
l l [:Xﬂ 5
TxO of Statlon S
21

(5) (3)

23

17.01.2012

TxO (transmission order for end station, DA)

é;;é;é@

26 46

TxO of Station S

52(2)

34

to

16 53

ONONO

33 32 31
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Scenario: Routing & Scheduling for ULL Streams (3)

Worst Case Latency without optimized Scheduling

SIEMENS

S S|S|[S|S B1 B2 B3 B4 BO B5 S S B|B|S S S
24 ..47 17 (16 [ 15| 14 54 [51-53 (111|112 11 | 1213 | 17
Tx 1| Tx 1 Tx 1|Tx 1|Tx 1]Tx 2| Tx 3[Tx 4[Tx 5] Tx 6[Tx 7[Tx 8] .. [Tx8 [Tx8[ ... [Tx8|Tx 1][Tx 2[Tx 3[Tx 4[Tx 5[Tx 1[Tx 2[Tx 3[Tx4|Rx 1| ... [Tx2|Tx2|Rx1|[ .. |Rx1
11/17|1116[14715[1114) ‘
12/17|121612/15[1214|11/14
13/17|1316|18/15[1314[11/15[12/14 11/14
51/17|44/16(84115[24/14]11/16[12/18[ 1314 11/45]11/14
11/17[12/16[18/15 24114 15/24 11/16[1145|11/14 3
12/17[13/16 34115 11/17|11/16|14/18 o
13117 44/16 4526 11/17[11/16 3
51/17 52/27 117 7]
17/47 o
17/47( 3
54/44 L
makespan = 15 packetslots
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Scenario: Routing & Scheduling for ULL Streams (4)

24; 34; 44; 51; p

_>

Agenda:
S: end station

B: bridge
p: empty packet slot

ONONO

11

Worst Case Latency with optimized Scheduling
BO e ‘
<— p:17;27;37; 54
54 46;45;44;p; p;p —P>
53;
52;
51;
p;
p;
37
6 7 T v T 34
p; B 5 —— p; 3'%
x| || |2¢ @ 35; 26;| o,
111 121 14 15 16 17 52; 16; p:
to to to to 45; 535 ’ to to
; 15 46; ¢ -

44;

112 122 TxO of Station S

24

<l

27;
26;

<&— p;p;p;p; 15, 16,17

6

37;

TxO of Station S

()

44

EC]EC]
ENERE

54

(s) (&) (5)

12 13

ll

ll
© ©

23

17.01.2012
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16;
45;

TxO of Station S

TxO (transmission order for end station, DA)

53 |:
46
TxO of Station S

9 ©
33 32

(s)

31

43 42 41
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Scenario: Routing & Scheduling for ULL Streams (5)

S S|S|S|s B1 B2 B3 B4 B0 B5 S S B|B|S S S
24 ..47 17 |16 | 15 | 14 54 |51-563 |111]|112] 11 |12 13| 17
Tx 1Tx 1|Tx 1[Tx 1|Tx 1[Tx 2[Tx 3[Tx 4[Tx 5]Tx6[Tx 7[Tx 8| .. [Tx8| .. [Tx8| .. [Tx8|Tx1[Tx2[Tx3[Tx4[Tx5|Tx 1]Tx2[Tx 3][Tx4[Rx 1| ... [Tx2|Tx2|Rx1| .. |Rx1
11/17|1116[11/15|11/14 : : :
T2t 12 i2nSlrzral i Worst Cgse Latency without pptimzed Scheduling
13/17|13/16[13/15[13/14[11/15]12/14 11/14
51/17|44/16|84115|24/14|11/16 [12/1513/14 T/15]11/14
11/17|12/16[18/15 16/37 11/16[11A8[11/14 3
12/17|13/16 11/17|11/16[14/45 o
[13/17] 11A7[11116 -3
53/34 A7 (4]
| ]
I
17471
54/44
Worst Case Latency with optimzed Scheduling
51/17/13/16[12/15|11/14 ]
11/17|44116|13/15|12/14| 11/14[12/45] 13/16 [51/17| 17/47 ] ||
12/17|11/16|34/15[13/14] 1117 [12/14[13/15 44116 16/37 17/47 51117 1114
13/17|12/16[11/15[24/14] 11/16[12/17[13/14 [17/47 34115 53/34 37/45[16/37 44116[52/27[51/17] TA7[1114
11/15]12/1613/17 637 24114 54/44 37/45/45/26 53134 52127 1116[11A7[11/14 |
15/24]24/14[34115 54/44 [53/34] T4/48|11/16]11/17 117/47|
15/24 54/44 11/15]11/16
54144 11715,

makespan|= 8 packetslots

—— - ] —¢—uedsoyew—;
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Overview of proposed Mechanism
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Rating
Mechanism A
Ultra Low Latency Robustness Availability
Separate traffic class for control (ULL Streams) A A -
Separate ULL queue with guaranteed ) AAA A
resources
Forwarding and Bursty or time aware shaper AAA - -
queuing Cut Through with Pre-emption AA - -
enhancements Guaranteed transmission order in "
(inside bridge or end | end stations ] i
station) Guaranteed transmission order in A ) )
bridges
Bandwidth observation B AAA A
Pre-emption (Fragmentation on Demand) + LLDP AAA - -
Limited and guaranteed bandwidth A A A
Routing protocol Shortest Path AAA - -
multiple Path - - AAA
Scheduling protocol AAA A A
Synchronization h!gh accf”a‘_’_y S i 2 _
high availability - AA AAA
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Conclusion

The pre-emption is an important mechanism but Routing and Scheduling has
the same relevance for ultra low latency.

An additional ultra low latency stream class for high performance and robust
closed loop controls which can handle temporary overload situations
in bridged Ethernet networks is a not-easy-to-establish but a

feasible technology.
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