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1 Introduction 

Optimized cell wake up in hotspot deployments based on measurements of Interference over Thermal (IoT) has been introduced within [1] and example scenarios have been discussed in [2]. This paper aims to add simulation results in order to get estimations of the expected effects. The simulation input has been aligned to the previously sketched scenarios in [2]. 
2 Setup and Results
2.1 Scenarios

A network layout of an umbrella cell covering 3 hotspots has been investigated. The hotspots are switched off for energy saving reasons. The basic functionality is as follows. If the macro cell detects too high load it may request IoT measurement results from the underlying hotspot cells. Based on the absolute values and by comparing these values among the different hotspots it might be possible to find the best hotspot cells for wake up. The switched on hotspot can then serve its users and reduce the (over-) load of the macro cell. 

The user distribution has been varied and the UL IoT has been calculated for each of the distributions 1, 2 and 3.
The respective user distributions are shown below in figures 1, 2 and 3. Examples are similar as discussed in [2]. The user distribution is marked by red dots. The UL utilization of a single UE has been assumed to be constant = 1/50th of the full configured cell bandwidth (i.e. 1 PRB of 50 PRB configured bandwidth). 
2.2 Analysis

Example 1

Overload reduction could be expected by wake up of cell 3. Cell 3 shows indeed a significant IoT and additionally the highest IoT of all the hotspots. There is a good chance that the wake up — need of cell 3 is unambiguously detectable. The UL Tx power of the users within and near cell 3 is very high as the propagation loss towards the macro cell is large and is compensated (here full path loss compensation assumed). Depending on the strategy and the concrete settings there is a small risk to wake up cell 1 which might not be very efficient.
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Figure 1: Example 1, user concentration in hotspot 3. IoT in 3 is very high.
Example 2
In example 2 (figure 2) users are located within cells 1 and 3. Again, IoT measurements would yield the right decision. Cell 2 shows an enhanced IoT due to the users in cell 3 and the user concentration outside 2 and 3. An unnecessary wake up of 2 can be avoided either by setting sensitive thresholds and/or by a comparison of the different IoT levels between all the hotspots. The IoT of cell 1 is higher than in example 1. However the situation is not very clear. It could be worth to deploy a self learning algorithm to find efficient threshold settings.
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Figure 2: Users are concentrated in 1 and 3. IoT 3 and 1 are very high.
Example 3
A very clear situation is delivered by the example 3 (figure 3). As there are no users near antenna 1, the measured IoT is small. Both cells, 2 and 3, are promising candidates for wake up.
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Figure 3: Users are concentrated in 2 and 3. IoT taken in 2 and 3 are very high.

3 Summary
A reliable wake up decision can be concluded for the considered scenario and the respective user distributions as in the examples 1-3. A valid mechanism could be the wake up of the cell with the absolute highest IoT. Further enhancements can be considered too, even very simple: for example, should the first round not lead to an efficient load reduction the next highest IoT could be tried and so forth. 
The reason for the observed behaviour is mainly the strong dependency of the propagation loss within a hotspot cell. The antenna is typically below roof top whereas the antenna of a macro could be well above clutter. 

In case the hotspot cell is located indoor (e.g. buildings, metro tube) the isolation is even better. The detection probability benefits further from the indoor loss of several dB. (Note, this has not been taken into the simulation setup described above.) 
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