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Industrial communication systems - QoS classes
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Source: M. Wollschlaeger, T. Sauter and J. Jasperneite, "The Future of Industrial Communication: Automation Networks in the Era of the Internet of Things and Industry 4.0,"
in IEEE Industrial Electronics Magazine, vol. 11, no. 1, pp. 17-27, March 2017, doi: 10.1109/MIE.2017.2649104.
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Industrial communication systems - QoS classes
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Time Sensitive Networking (TSN)

Audio Video Bridging Fronthaul
[802.1BA] [802.1CM/de]

Industrial Automation

[IEC/IEEE

Time-Sensitive Networking (TSN) Profiles (selection and Use of TSN tools)

Automotive In-Vehicle
[P802.1DG]

Aerospaci
[P802.1DP]

Time synchronization:

Timing and Synchronization [802.1A5-2020]
(a profile of IEEE 1588)

Hot Standby [P802.1ASdm]

YANG [P802.1ASdn]

Bounded low latency:

Credit Based Shaper [802.1Qav]

Frame Preemption [802.1Qbu & 802.3br]
Scheduled Traffic [802.1Qbv]

Cyclic Queuing and Forwarding [802.1Qch]
Asynchronous Traffic Shaping [802.1Qcr]
QoS Provisions [P802.1DC) >

Note: A ‘P in front of an ID indicates an ongoing Project.

Synchronization

TSN Components
(Tools of the TSN toolbox)

Reliability

Resource Management

YANG for LLDP [P802.1ABcu]
YANG for 802.1Qbv/Qbu/Qci [P802.1Qcw]
YANG & MIB for FRER [P802.1CBcv]

€] Extended Stream Identification [P802.1CBdb]

Zero congestion loss =
Bounded latency

High availability / Ultra reliability:
Frame Replication and Elimination [802.1CB]
Path Control and Reservation [802.1Qca]
Per-Stream Filtering and Policing [802.1Qci]
Reliability for Time Sync [802.1AS5-2020]

Dedicated resources & API:
Stream Reservation Protocol [802.1Qat]
Link-local Registration Protocol [802.1CS]
TSN Configuration [802.1Qcc]
Foundational Bridge YANG [802.1Qcp]
YANG for CFM [P802.1Qcx]

Resource Allocation Protocol [P802.1Qdd]

TSN Configuration Enhancements [P802.1Qdj]
LLDPv2 for Multiframe Data Units [P802.1ABdh]
Multicast and Local Address Assignment [P802.1CQ]

4

More on TSN standards and ongoing projects at: https://www.ieee802.org/1/tsn
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Time Sensitive Networking (TSN)

Service Proviae.
[P

TSN Components
(Tools of the TSN toolbox)

Time synchronization:

Timing and Synchronization [802.1AS-2020]
(a profile of IEEE 1588)

Hot Standby [P802.1ASdm]

YANG [P802.1ASdn]

High availability / Ultra reliability:
Frame Replication and Elimination [802.1CB]
Path Control and Reservation [802.1Qca]
Per-Stream Filtering and Policing [802.1Qci]
Reliability for Time Sync [802.1AS-2020

Focus of this workshop:
e Synchronization, TAS and Preemption

Credit Based Shaper [802.1Qav] ‘:g
YAN or vl [F8U u

Frame Preemption [802.1Qbu & 802.3br] A cUZ.
Scheduled Traffic [802.1Qbv] YANG for LLDP [P802.1ABcu]
Cyclic Queuing and Forwarding [802.1Qch] YANG for 802.1Qbv/Qbu/Qci [P802.1Qcw]
YANG & MIB for FRER [P802.1CBcv]

Asynchronous Traffic Shaping [802.1Qcr] .
QoS Provisions [P802.1D¢) > Zero congestion loss = Extended Stream Identification [P802.1CBdb]
Resource Allocation Protocol [P802.1Qdd]

Bounded latency

TSN Configuration Enhancements [P802.1Qdj]
LLDPv2 for Multiframe Data Units [P802.1ABdh]
Multicast and Local Address Assignment [P802.1CQ]

Note: A ‘P’ in front of an ID indicates an ongoing Project.

More on TSN standards and ongoing projects at: https://www.ieee802.org/1/tsn February 3, 2021
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TSN — Latency

Queue for Queue for Queue for Queue for Queue for

traffic class #7 traffic class #6 traffic class #5 traffic class #4 traffic class #0 Bridge LatenCies Ca used be ongoing
transmissions of best effort frames

Control List
Ti ission Ti ission Ti ission Transmission Transmission
Selection ! 1 1 Selection
Algorithm Algorithm Algorithm Algorithm — — | Algorithm B s
(Table 8-5) (Table 8-5) (Table 8-5) (Table 8-5) (Table 8-5) | ¢ i 100:Cocceeee
|
|
|
|
J
( Transmission Selection ) C= closed, o=open
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TSN — Latency — Time Aware Shaping (TAS)

o g awn e e
Control List
"eecion”| | Setocion”| | Setocton”| | "Serocton”" "Seeaen’|  TO0: COCCCCCC 2ms
Algorithr Algorithr Algorithr Algorithr - - Algorithr
(hesd | | (hesd | | (s | | Gbesd (5% | ¢ TO1: CCOCCCCC —» 2ms
I T02: oCCooo00 3ms
|
|
|
S Lower latency by queue masking
Cycle N Cycle N +1
2 2 3 2 2 3
Priority 6 ‘ Priority 5 ‘ Priority 0,1,2,3,4,7 Priority 6 Priority 5 Priority 0,1,2,3,4,7

WY Eemam; 7 Fraunhofer
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TSN — Latency — Guard Bands

Cycle N CycleN+1
2 2 3 2 2 3
Priority 6 Priority 5 ‘ Priority 0,1,2,3,4,7 Priority 6 ‘ Priority 5 Priority 0,1,2,3,4,7
t
\ t
Guard bands Conflict!
Priority 6 H Priority 5 Priority 0,1,2,3,4,7 G ‘ Priority 6 Priority 5 H Priority 0,1,2,3,4,7 ‘ G
t
1542 bytes
Loss of bandwidth

* Guard-Band in the size of the maximum frame size
* Pros: deterministic forwarding of time critical frames
* cons: not optimal usage of available bandwidth
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TSN — Latency — Preemption

Cycle N CycleN+1
2 2 3 2 2 3
Priority 6 ‘ Priority 5 ‘ Priority 0,1,2,3,4,7 Priority 6 ‘ Priority 5 ‘ Priority 0,1,2,3,4,7
Preemption
L (T e A O
5 5
Priority 6 H Priority 5 H Priority 0,1,2,3,4,7 H G‘ Priority 6 H Priority 5 H Priority 0,1,2,3,4,7 H G‘

* Frame pre-emption describe a mechanism which allows to prioritise certain
frame while sending or forwarding

* Fragmentation of preemptable frames is possible to make the guard band small
as the size of one fragment
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TSN — Latency — Preemption

Cycle N CycleN+1
2 2 3 2 2

Priority 6 ‘ Priority 5 ‘ Priority 0,1,2,3,4,7 Priority 6 ‘ Priority 5 ‘

Frag Frag
1 2

‘ Priority 6 H Priority 5 H Priority 0,1,2,3,4,7 HG‘ Priority 6 “ Priority 5 H Priority 0,1,2,3,4,7

* Frame pre-emption describe a mechanism which allows to prioritise certain
frame while sending or forwarding

* Fragmentation of preemptable frames is possible to make the guard band small
as the size of one fragment

=
. T 5 @arem Fremte

IEEE ETFA 2022 - TSN Basics



06/09/2022

TSN — Latency — Preemption

Queue for
traffic class #0

Queue for
traffic class #5

Queue for
traffic class #4

Queue for
traffic class #6

Queue for
traffic class #7

Transmission

Tr i
Selection

oot oot pl Selection
Algorithm Algorithm Algorithm Algorithm | — — | Algorithm

(Table 8-5) (Table 8-5) (Table 8-5) (Table 8-5) (Table 8-5) | (

| | | |

|

‘ Gate = C | | Gate = o Gate = C ‘ Gate = C ‘ Gate = C ‘ |

|

Transmission
selection =

Preemptable
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Control List

L T00: LQCCCCCCJ
TO1: CCoCCCCC
T02: oCCooo000

C=closed, o=open
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TSN — clock synchronisation

* |IEEE 802.1AS-2020

* Function range:
* Clock synchronisation between diverse TSN devices
* Data exchange happens at the 2nd layer

* Measurements of bridge and line delay
* Sending sync frames to adjust the clock drift at the slaves

O

O

* Best Master Selection Algorithm (BMCA) chooses the Grandmaster inside the synchronisation domain

O

C

............
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TSN — clock synchronisation
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master

slave 1

LineDelay 1 {

Sync-Frame

BridgeDelay 1

Sync-Frame

BridgeDelay 2

slave 2

slave n

Sync-Frame

BridgeDelay n
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Thank you very much!

Dr.-Ing. Lukasz Wisniewski, Mario Schoppmeier, Oliver Konradi
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