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Time Domain Distribution of packets

A common assumption in analyses is that the distribution of packets is random in time. In practice, there is a number of ways in which the sending of packets deviates from a random distribution. If these are not taken into account, there can be large errors in the predicted collision rate.

Rush Hour effect. Devices associated with human behaviour will vary their activity levels throughout the day. They can be expected to show both a di-urnal and a “rush hour” effect.

Clustering. Packets tend to be clustered in groups. It is common for a uni-directional device to send a series of packets instead of just one. Bi-directional devices may initiate a transaction composed of a series of packets. Even a single operation, single packet device, such as a car key fob will often find it is pressed more than once by the operator.
Correlated devices. There are also situations in which a group of devices spring into action together. This occurs naturally with an intruder alarm, for instance. A person entering a building will trigger more than one sensor. Some fire alarms are configured to create a cascade of radio messages from the individual devices when one is triggered. Mesh systems, particularly flooded meshes, will show a cascade of packets whenever there is an operation.

Rush Hour Effect

The rush hour effect can be modelled by applying a multiplier to either the density of devices or their long term duty cycles. At first glance, one might expect the multiplier to range from 2, for day/night effects, to 12, for two rush hours per day. 
Bear in mind, however, that rush hours are not necessarily synchronised and not all devices are so affected, so the calculation of the multiplier is not always simple.If both victim and interferer have rush hours and they are synchronised, then a large multiplier could be appropriate. Conversely, if they both have rush hours but at separate times, then a multiplier of less than 1 could be appropriate.
In calculating the multiplier, it is important which case is to be analysed:

· The average experience,

· The average experience during the rush hour, or

· The worst case experience

Clustering and Conditional Probability

For a single sample, it is still correct to calculate the  probability of encountering a packet as if they were randomly distributed. But for successive, or closely spaced samples this is not correct. If a packet is encountered, then the probability that there are packets in the surrounding time slots is increased. This is important when analysing high reliability systems that may send a series of packets.
Clustering can have a significant effect on collision probability, especially on the conditional probability – the probability that a second collision occurs after one has already happened. This can be illustrated in the diagram below. Suppose two similar systems are each running at 0.1% duty cycle, but they each send two packets at a time, with the same interval.
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The probability that the first packet from System 1 suffers a collision is 0.2%, as expected. But there are only two ways in which the collision can occur, shown as Case 1 and Case 2 in the diagram. Therefore, if the first packet has suffered a collision, the probability that the second packet also suffers one is now 50%, not 0.2%.

There is a common assumption that if sending a message once gives a probability of success of 90%, then sending it twice give 99%, and so on. This example shows one of the reasons why that assumption is unsafe.

One way of analysing this situation is to assume that if a collision found, then an increased collision probability R applies over the following time T. The details of R and T will depend on the duty cycle and the Ton/Toff times, but R could be expected to be in the range 0.1 to 0.5.

Another way is to consider the devices as having both a Short Term and a Long Term Duty Cycle
. Devices are active intermittently, but when active, they run at the STDC. The probability that a random collision occurs is calculated using the LTDC, but if the collision occurs, it can be assumed that at least one device is active. The probability of a subsequent collision is then calculated using the STDC instead of the LTDC
. This is the approach taken in the spreadsheet
.

Correlated Devices and Systems

There are three basic situations to consider

1. One device triggers other devices in the same system. Examples are fire alarms cascading to spread the warning and mesh systems.

2. An external event triggers multiple devices within the same system.  An example is an intruder detection system.

3. An external event triggers devices in multiple systems. An example would be everyone returning to the car park after a sports match.

It is tempting to argue that the main burden in 1 and 2 falls on the designer of the system. From the point of view of sharing and compatibility analysis it is only necessary to consider the effect on a device outside the system. This will depend on whether the correlated devices are closely or widely spaced. If they are closely spaced and all in range of the victim, then the effect is similar to an extreme example of clustering; if they are widely spaced then it is similar to an extreme example of the rush hour effect.

Situation 3 can be modelled as an extreme example of the rush hour effect.
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� Duty Cycle is more complicated than a single number. In practice, the transmission pattern of devices may be a combination of activity factor (AF) and duty cycle (DC).  One way of looking at it is to say that Short Term Duty Cycle (STDC) is the proportion of time transmitting when the device is active and AF is the proportion of time active. Generally, when the “duty cycle” of a device is quoted by a manufacturer, what is being given is the Long Term Duty Cycle (LTDC), which is the product of DC and AF, i.e., the proportion of time the device is expected to be transmitting averaged over a long period.





� STDC and LTDC are convenient concepts, but actually quite difficult to write definitions for. Not all signal trains divide neatly into the DC and AF model. Moreover, although everyone knows what they mean by “duty cycle” is difficult to write a definition even for that. The thing to remember is that “duty cycle” only has a single meaning for a continuous repetitive pulse train; in all other cases one should work with cumulative on time within a given observation periond.





� Transmission Probabilies in an Occupied Channel. Latest version at current date is: TPOC_r2_1.xls
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