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TIME-SENSITIVE NETWORKING STANDARDS

Janos Farkas

IEEE 802.1 Time-Sensitive Networking (TSN) makes it
possible to carry data traffic of time-critical and/or mis-
sion-critical applications over a bridged Ethernet network
shared by various kinds of applications having different
Quality of Service (QoS) requirements, i.e., time and/or
mission critical TSN traffic and non-TSN best effort traffic.
TSN provides guaranteed data transport with bounded low
latency, low delay variation, and extremely low data loss for
time and/or mission critical traffic.

By reserving resources for critical traffic, and applying
various queuing and shaping techniques, TSN achieves zero
congestion loss for critical data traffic. This, in turn, allows
TSN to guarantee a worst-case end-to-end latency for critical
data. TSN also provides ultra-reliability for data traffic via a
data packet level reliability mechanism as well as protec-
tion against bandwidth violation, malfunctioning, malicious
attacks, etc. TSN includes reliable time synchronization,
a profile of IEEE 1588, which provides the basis for many
other TSN functions.

These features make TSN applicable and economical for
various use cases. TSN can be used in various verticals, e.g.,
in industrial automation networks being developed for Indus-
try 4.0, in mobile networks for 5G, in networks for critical
machine-to-machine communication, for new networking
approaches in vehicles including support for autonomous
driving, and many more, with a constantly expanding list.

Standardization of this work was started as IEEE 802.1
Audio Video Bridging (AVB), which is successfully deployed
for various applications today, e.g., professional audio and
video studios, and automotive infotainment. AVB then
evolved into IEEE 802.1 TSN to reflect the expanded scope
of the work. The standardization of TSN is an ongoing effort
in IEEE 802.1; new TSN features are being developed as the
application of TSN is expanding, and further standardization
contributions are expected.

This special issue of the IEEE Communications Standards
Magazine provides an introduction and overview to TSN;
furthermore, it explains the applicability of TSN in some use
cases, e.g., industrial automation, automotive networks and
mobile fronthaul.

The first article, “Introduction to Time-Sensitive Network-
ing” authored by Norman Finn, provides an introduction to
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TSN. It explains how TSN differs from other types of packet
services and describes in detail the essential features of TSN.
The article also lists use cases for TSN and collects the rele-
vant standards.

The second article, “Time-Sensitive Networking: An Intro-
duction” authored by John L. Messenger, describes the tools
in the TSN toolset and explains in detail the TSN standards
to provide bounded low latency and zero congestion loss.
Furthermore, the article looks out to gaps and next steps in
TSN standardization.

The third article, “Distributing Deterministic, Accurate Time
for Tightly Coordinated Network and Software Applications:
IEEE 802.TAS, the TSN profile of PTP: Concepts and Applica-
tions” authored by Kevin B. Stanton, provides a description of
time synchronization, which is one of the essential features of
TSN. In particular, the article describes the TSN time synchro-
nization standard: the generalized Precision Time Protocol
(gPTP) specified by IEEE 802.1TAS, which is a profile of the
IEEE 1588 Precision Time Protocol. Furthermore, the article
provides details on time transfer on IEEE 802.3 Ethernet links
and on IEEE 802.11 Wireless LANS, i.e., both over wired and
wireless links. The article also describes further considerations,
e.g., application of gPTP, security aspects, possible enhance-
ments, and interoperability.

The fourth article, “Traffic Planning for Time-Sensitive
Communication” co-authored by Wilfried Steiner, Silviu
S. Craciunas, and Ramon Serna Oliver, provides detailed
description of network planning when IEEE 802.1 Qbv
Enhancements for Scheduled Traffic, one of the key TSN
tools to provide controlled latency, is used in a network.
The article describes 802.1Qbv and its relationship to other
time-based transmission and queuing techniques. All these
techniques require time synchronization, e.g., 802.1AS. The
article also describes how to provide a schedule for a given
traffic pattern supported by a particular network. Both indus-
trial automation and automotive applications are considered
by the authors of the paper.

The fifth article, “Design Aspects of Low Latency Services
with Time-Sensitive Networking” co-authored by Csaba
Simon, Markosz Maliosz, and Mikl6s Maté, describes the
details, benefits, and applicability of two TSN tools to pro-
vide bounded latency: IEEE 802.1 Qbv Enhancements for
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Scheduled Traffic and frame preemption specified by IEEE
802.3br and IEEE 802.1Qbu. The article describes the appli-
cation of these two tools to two use cases: industrial auto-
mation and mobile fronthaul.

The sixth article, “Enabling Fog Computing for Industri-
al Automation through Time-Sensitive Networking (TSN)”
co-authored by Paul Pop, Michael Lander Raagaard, Marina
Gutiérrez, and Wilfried Steiner, involves higher-layer aspects
such as network configuration and fog computing to lever-
age TSN for industrial automation. The article explains the
TSN configuration architecture specified by IEEE 802.1Qcc
and how fog computing can be applied together with TSN.
The article provides details of configuration and reconfigura-
tion of IEEE 802.1 Qbv Enhancements for Scheduled Traffic
via a case study.

The seventh article, “Level 5 by Layer 2: Time-Sensi-
tive Networking for Autonomous Vehicles” co-authored
by Soheil Samii and Helge Zinner, provides a view of the
application of the TSN standards to automotive networks,
which fosters the evolution of autonomous vehicles. The
article describes the essential TSN features for automotive
networks. The article also describes the application details of
key TSN standards to the automotive use case in light of the
needs of autonomous driving.

Clearly, there is real interest in TSN from various indus-
tries. The work on providing the details for the application
of the TSN standards to various verticals is ongoing. For
instance, the work has been recently finished on the IEEE
802.1 CM TSN profile for fronthaul to connect a cellular
network’s radio equipment to their remote controller.
Another recent initiative is a joint project of the IEC and
[EEE 802 to specify TSN Profile for Industrial Automa-
tion (IEC/IEEE 60802). TSN has a key role as a common
denominator to provide converged networks for Industry
4.0, where the convergence of operations technology
and information technology is a necessity, especially in
light of the introduction of cloud to industrial automation.
Furthermore, new TSN techniques can be specified if
needed for a particular use case. We are still in an early
phase; there is more to come and the application of TSN
will get wider.

We would like to thank the reviewers for their effort in
reviewing the manuscripts. We also thank the IEEE Com-
munications Standards Magazine Editor-in-Chief, Glenn
Parsons, for his supportive guidance, and Joseph Milizzo,
Jennifer Porcello and Cathy Kemelmacher from the Com-
munications Society staff for their help and support during
the entire process.
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