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Abstract: This document provides definition and description of up state and up time. In the same subclause, it also provides a description of down state and down time. Another subclause provides a description of jitter.
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Introduction

Up state and up time and the opposite down state and down time are important parameters for evaluating the operational time of a communication system, a communication service or a logical communication link. Eventually, they lead to a value for the communication service availability, an important quality measure of the communication for automation in vertical domains.
Another important characteristic parameter is jitter, which characterises the variation of time-based parameters. We provide an overview of how jitter is understood in automation.
A further important characteristic parameter is cycle time, or better transfer interval and update time. These parameters are important in periodic communication, that is frequently used in industrial automation.
This document provides concise definitions of these parameters as well as a brief description of the parameters and their determination in Annex A.

The text is proposed as change to TR 22.804 Study on Communication for Automation in Vertical Domains (FS_CAV).

Proposal


 PROPOSED CHANGES 


NOTE TO EDITOR: 

Insert the reference of Change 1 as new reference at the corresponding location in Clause 2 (References).


 Start of Change 1 


[x1]
DKE-IEV, German online edition of the International Electrotechnical Vocabulary (IEV), DKE - Deutsche Kommission Elektrotechnik Elektronik Informationstechnik in DIN und VDE, (German Commission Electrical Technology Electronics Information Technology), https://www2.dke.de/de/Online-Service/DKE-IEV/Seiten/IEV-Woerterbuch.aspx

 End of Change 1 


NOTE TO EDITOR: 

Insert the definitions of Change 2 as new definitions in alphabetical order into Clause 3.1 (Definitions) and number the NOTES accordingly.


 Start of Change 2 


up state: state of being able to perform as required

NOTE X1: This definition is based on [x1, IEV 192-02-01].

up time: time interval for which the item is in an up state

NOTE X2: This definition is based on [x1, IEV 192-02-02].


 End of Change 2 


NOTE TO EDITOR: 

Insert the text of Change 3 as new clauses A.X1, A.X2, and A.X3 in Annex A (Characteristic parameters).


 Start of Change 3 


A.X1
Up time, down time and up state, down state

The assessment of communication is referring to messages. Message ratings can be correctly received, incorrectly received, or lost. A lost message is a message which left the source application and never reached the target application. 

Up time and down time can be derived from the introduced types of messages. As far as received messages are correct, the communication is in up state. The time interval of this state experienced by the target device is called up time or up time interval. If a message loss or an incorrectly received message is detected the communication is in down state. The time interval of this state experienced by the target device is called down time or down time interval. This behaviour is illustrated in Figure A.X1-1. 
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Figure A.X1-1: Definition of up time, down time and up state, and down state. The time between the begin of the down time interval and last received message is referred to as the survival time.
The flow of events in Figure A.X1-1 is as follows. The network is up and running (blue line) and a source device starts sending messages (brown arrows) to a target device on which there runs an automation function (application). The communication connection is, from the point of view of the receiving application in an up state (green line). Later, the network transitions into a down state, i.e. it cannot longer support end-to-end transmission of the source device's messages to the target device. Usually, the target device will wait a pre-set period before it declares the connection to be lost ("dead line for expected message"). This is the so-called survival time [3]. Once the network again is in an up state, the connection is declared to be in an up state (green line).
Up state and down state and the corresponding up time interval and down time interval are also available at the source device. However, they are experienced a little differently with respect to the points in time as illustrated in Figure A.X1-1.

A.X2
Jitter - characterisation of timeliness

Time requirements are typically specified with two values: characteristic time and jitter. 

Characteristic time: is the target value of the time parameter in question, e.g. end-to-end latency.


Jitter: The jitter is the variation of a (characteristic) time parameter. An example is the variation of the end-to-end to latency. If not stated otherwise, jitter specifies the symmetric value range around the target value (target value ( jitter/2). If the actual time value is outside this interval, the transmission was not successful. Figure A.X2-1 shows an example of transmissions with jitter. Note that the end-to-end latency may scatter even for successful transmissions.
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Figure A.X2-1:
End-to-end latency and end-to-end latency jitter

Typical characteristic parameters to which jitter values are ascribed are
· transfer interval;

· end-to-end latency;

· update time.
Note, that jitter is not always explicitly stated in technical documents. In such a case, the maximum value of the characteristic time parameter needs to be known. Sometimes, also a minimum value may be given. This time should not be undershot. A minimum value is only used in particular use cases, for instance, when putting labels at a specific location on moving objects.
A.X3
Periodicity - cycle time, transfer interval, and update time
In industrial automation applications, sensor data is gathered periodically in many cases. Accordingly, actuator data is provided periodically, too. Therefore, the transmission of this data via communication networks is also periodically in most cases. 
NOTE: Periodic communication is usually continuous. After the related automation functions are activated—e.g. controlling, sensing, and actuating—periodic data transmission continuous until these functions are stopped. In extreme cases, continuous operation can extend over a calendar year or more.  
Event driven data transmission might be also used. In this case, additional periodic control messages are introduced for dependability reasons. These are called heart beat messages or keep alive messages.
The periodic processes within industrial automation applications are often called cycle and the related interval cycle time. Unfortunately, the term cycle has different meanings depending on the point of view. 
With respect to the periodic communication, it is better to use the communication-related terms transfer interval and update time instead of cycle time.
Periodic communication or periodically means that a transfer interval is repeated. For example, a transmission occurs every 15 ms. Reasons for a periodical transmission can be the periodic update of a position or the repeated sensing or monitoring of a characteristic parameter. Although a transmission of a temperature every 15 minutes is a periodical transmission, too, most periodic transfer intervals in communication for automation are rather short.  The user experienced data rate of periodic communication of fixed message sizes is the message size divided by the transfer interval. For instance, for a message size of 40 B and a transfer interval of 1 ms, the user experienced data rate is 40 B / 1 ms = 320 kb/s.
The update time is the equivalent of the transfer interval at the receiver. A periodic transmission is started once and continuous unless a stop command is provided. Figure A.X3-1 illustrates transfer interval and update time.
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Figure A.X3-1 – Transfer interval and update time of periodic communication
Note, the update time may experience jitter even for an isochronous transfer interval. This can be caused by varying waiting times until the actual transmission, for instance, varying waiting times for the assigned timeslots in TDMA superframes. This has to be taken into account when requirements are specified and for the assurance of quality of service.

 End of Change 3 

 End of PROPOSED CHANGES 

� The quantity of the percentile is still to be discussed.
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