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1 Introduction

So far, randomization schemes have been proposed to resolve “ping-pong” problems related to idle mode UE behaviour in the context of multicarrier load balancing [1]. The randomization is proposed to be used during cell reselections where each cell may broadcast cell-specific priorities and the UE behaviour upon frequency selection is partly driven by generating random numbers [2],[3]. The intention is to create some randomization to prevent e.g. a large population of UEs to camp on the same cell pico-cell where they could create an overload situation once they transition to connected mode. The purpose of this contribution is to discuss and compare two different randomization strategies.
2 Discussion

The simplest approach for randomization is to broadcast probabilities from the eNB as proposed in [2], [3]. If the cell specific priority is higher than the current serving frequency priority, the UE generates a random number to perform cell reselection based on the probability of the cell. The advantages of the solution are:
· Apart from the broadcasted probabilities, very small changes are needed from the standard point of view.
There are some disadvantages as well;

· If the UE behaviour is driven by frequently generated random numbers, the UE behaviour becomes very difficult and time-consuming to test. If the generated numbers are indeed (truly) random and independent, it may take long time until the desired outcome occurs. In an extreme (and theoretical) case, the random numbers are Bernoulli trials and accordingly an arbitrarily large number of trials do not necessarily produce the desired outcome.

· Similarly, random number generators may have implementation-specific differences and therefore, within a large population, different UEs may perform cell reselections differently. In other words, the UE behaviours may be inconsistent which complicates load balancing algorithm and strategy design at the network side.
Observation 1 Randomizations at every cell reselection may result in outcomes that are difficult to test and control.
Another approach is to take advantage of the fact that traffic, end-user behaviour and radio environment is already subject for numerous uncertainties and unpredictable events and therefore a deterministic solution could effectively provide the same outcome as a random number generator. E.g. the UE could count the number of times it has performed cell reselections. If the counter reaches a value that is higher or equal than a broadcasted maximum value, the UE stay on the current serving frequency, even if there is another cell with a frequency that has a higher priority, and restarts the counter. So based on the counter the UE shall ignore the highest priority cell. Otherwise the UE selects to a cell where the carrier frequency has a higher priority than the current serving frequency. 
The difference compared to the random number generator solution is a bit subtle. Instead of generating a random number at every cell reselection, the UE simply counts the number of performed cell reselection and the UE behaviour depends on whether or not the number of performed reselections has reached an upper limit provided by the network. For example, if the probability parameter in the random number generator solution is set to 0.5 and the cell specific priority is higher than the current serving frequency priority, the cell reselection decision would be based on flipping of a fair coin. In the counter solution, the maximum value for the counter would be set to 1 and the cell reselection decision would simply be based on toggling (instead of flipping) the very same coin (between values “0” and “1”) every time when cell specific priority is higher than the current serving frequency priority. 
The counter initialization could be based on a UE specific event such as power-on or registration to the core network which is practically impossible to happen exactly at the same time for all UEs with a large population. In addition, different UEs will perform cell reselections at differently depending on their location in the radio environment and their movement. Hence, a similar kind of randomization should be possible than with the random number generator solution. The advantages of the solution are:
· The UE behaviour can easily be verified after a short test because the behaviour is deterministic.
· The UE behaviour is consistent because it is not dependent on any implementation differences.
There are some disadvantages as well;

· The UE behaviour needs to be standardized including specification of counters and events for the counter handling.
It can be argued that the above-described solution is only an example implementation of the randomization scheme that is based on generated random numbers because in the long-term both solutions should provide similar kind of randomization effect. Consequently, there should not be any differences with respect to the performance. It is proposed to use the counter based scheme as a starting point for the standardization of UE behavior and apply of the simple random number generator based solution for simulation and analysis purposes.
Proposal 1 Use a counter based scheme as a starting point for the standardization of idle mode UE behavior and apply of the simple random number generator based solution for simulation and analysis purposes
3 Conclusion

In section 2 we made the following observations:
Observation 1
Randomizations at every cell reselection may result in outcomes that are difficult to test and control.


Based on the discussion in section 2 we propose the following:
Proposal 1
Use a counter based scheme as a starting point for the standardization of idle mode UE behavior and apply of the simple random number generator based solution for simulation and analysis purposes
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