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	Summary: 

	This document shows that the frequency of occurrence of the interference between RLAN VLPs and CBTC cannot be inferred by a simple probability figure, as an arbitrarily low probability can result in frequent interference events: this contribution gives two equiprobable events, with different underlying stochastic processes, exhibiting very different frequencies of occurrence.
On the contrary, investigating how often radio interference could occur requires investigating the time behaviour of the stochastic process(es) involved.

	Proposal:

	Invites Group to
Not to include simple binomial reasoning while the time dimension matters.


	Background:

	Coexistence between RLAN VLP and CBTC.






SE45(23)008 derives the probability of having the two train units failing at the same time, and suggests that: 
“Since this probability is acceptable for a single train, it provides a simple metric applicable to a single train. This enables a simplification of the probability analysis by removing any consideration of number of trains, length of the line and other “scale of deployment” parameters.”
However the “acceptability” of a coexistence between urban rail and RLAN/VLP cannot be decided based on such a simple metric because the frequency of occurrence matters: the operational consequences of emergency breaks triggered by mistake every few days is different from the operational consequences of emergency breaks triggered by mistake every few years.
However, for a same non-null probability, the two situations are possible depending on the underlying stochastic processes.
Simultanueous failure of both train units.
Consider a stochastic process following having three states: 0, 1 and 2, corresponding to arrivals of two independent events.
Consider an arrival rate of l=1 / 40 000 hours, and a departure rate of u=1 / 14 hours.
The steady state probability of being in state 2 is given by the following formula:

The numerical evaluation gives:

This model and can be interpreted as the number of concurrent occurrence of two events, each having arrival and departure rates as above. The probability of being in state two is therefore the probability of concurrent occurrences.
A simple program can be used to generate these two series of events. This simply requires to generate, for each of the two events, a given number of “arrival times” and the same number of “departure times”. The program can then trivially evaluate when the two events happen simultaneously, by comparing the arrival and departure time of the two series of events.
This exercise was carried forward for hundred runs of the two series, each having 10 events. The randomly generated arrival and departure times are given in annex. The minimum, mean and maximum time duration for all runs are respectively 24, 55, 86 years.
Out of these 100 runs, the simultaneous occurrence of both events happened only once, and lasted three hours.
This academic exercise actually represents the failures of the TUs for a train. One hundred runs can be interpreted as 100 trains, and first and second series as the failure series of respectively one or the other TU. With MTBF of 40 000 hours and MTTR of 14 hours, one can therefore deduce that the simultaneous failure of both TUs, considering 100 trains would hardly be observed once every about 50 years.
Frequency of occurrence for a different stochastic process.
We now consider a similar stochastic.
We however consider an arrival rate of l=1 / 40 000 minutes (about 28 days), and a departure rate of u=1 / 14 minutes.
The steady state probability of being in state 2 is given by the following formula:

The numerical evaluation is exactly the same as for the previous case:

Trying to match the observation time of about 55 years, as for the previous case, 600 events are now simulated.
This exercise was carried forward again for hundred runs of the two series. The randomly generated arrival and departure times are given in annex. The minimum, mean and maximum time duration for all runs are respectively 43, 47, 50 years.
Out of these 100 runs, the simultaneous occurrence of both events occurred (at least once) in 40 runs.
This new academic exercise is built to show that different processes, although exhibiting the same probability, can lead to very different rates of occurrence.
On the combination of binomial probabilities
SE45(23)008 derives the probability of simultaneous occurrence of events for several scenarios. However, it seems to omit that “events” are repeated many times. In other words, although the probability of dying when playing the Russian roulette is 16.6% percent only, the probability increases significantly when playing 10 times.
For instance, the following can be read in SE45(23)008:
”While the interference criterion is slightly exceeded for MP89, the scenario would only occur when:
· the CBTC train is functioning in degraded mode (0.035%),
· the CBTC signal is at minimum level (1%), 
· the VLP operating on the lower channel (16%),
· the VLP transmitting at maximum EIRP (0.69%).
resulting in a combined probability of 3.9x10-9, i.e. a lower probability, than the probability that both TUs on the train are defect (3.1x10-7).”
However, a CBTC train functioning in degraded mode typically repeats every month. Also, for that train, the minimum signal level is encountered several times over the extent of the line. Passenger go in and out therefore, over a one day period, several passengers could use the lowest VLP channels. Also a VLP device of a passenger would probably transmit more than one packet during the time when the passenger is onboard, hence the transmitted EIRP changes several times as well...
In addition, the interference could occur even when the wanted signal is not exactly at its lowest, or when the EIRP is not exactly at its maximum.
Hence the probability that an interference event occurs at least once over a given time period is expected to exceed the 3.9*10-9 computed above.
However, as shown previously, the probability does not matter as it does not inform on ”how often” interference will occur.
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