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1. Introduction
The study item on potential solutions for energy saving is not finalised yet [1]. Several mechanisms have been proposed to wake up selectively a dormant cell in hot spot scenario depending on local load conditions. Those solutions have been evaluated on different criteria, but no conclusion was reached during last RAN3 meeting.
One disagreement point was about the benefits of selectively waking up a base station when load increase locally, compared to switching on all hot spots under a coverage area and relying on their autonomous switch off algorithm to eventually select only the relevant ones.
In this contribution, we study the blind switch on approach with system level simulations and compare it to selective waking up.
2. Discussion
The scenario envisioned in this contribution is the hot spot inter-eNB energy saving scenario (scenario 1). We assume a coverage cell in low load conditions in average, but with some local variations (an example of a UE spatial distribution is shown in Figure 1). All hot spots are considered to be switched off at the beginning.  We assume that at a given point in time, the coverage base station wants to wake up some hot spot cells. The following two approaches are considered:
1)
Blind switch on: All the hot spots in the coverage area are switch on, then they autonomously switch off based on their local load threshold criterion, i.e. a hot spot is switched off when the number of UEs is below a given threshold. 

2)  Selective switch on: The coverage base station has the capability to select only the relevant hot spot with respect of UE spreading.

Since all hot spots will be switched on at a given point in time in approach (1), some UEs will be handed over to them. The UE number can potentially exceed the load threshold for switching off, preventing some hot-spots to return to their dormant state. The question is then whether and how approach (1) converges to approach (2) in terms of number of base stations that will remain active.
To answer the question, we built the following simulation scenario. We have considered a set of 57 hot spots (19 tri-sectored base stations) regularly deployed in the coverage region described in Figure 1. The overlapping cell is not simulated, a UE being out of hot-spot coverage is considered as being attached to it. 

Terminals locations are uniformly distributed in the area, with a given mean UE density and a given standard deviation. This mean UE density is assumed to be such that the stable state in the simulated area is that all hot spots are off. Then, we suppose that in an area under the coverage cell, but outside simulation area, UE density reaches a level triggering the need of offloading. We study hereafter the behaviour of hot spots in the simulation area only, i.e. the hot spots located in the area with a UE density that has not triggered the offloading signal of the coverage cell.
In the selective switch on (2) approach, the overlapping cell has means allowing it to wake up only the hot spot(s) located in the high density zone. Indeed, all hot spots in the simulated area remain off whatever their switch off load threshold is.

In the blind switch on (1) approach, all hot spots are turned on at the beginning of the simulation. Then their autonomous switch off algorithm is simulated, i.e. base stations having a UE number below the load threshold are switched off. UEs that were attached to them are handed over to neighbouring hot spots or considered to be handed over to the overlapping cell if no suitable hot spot is found. The simulation is run until equilibrium is reached; the number of hot spots in the simulated area being switched off at the equilibrium is then noted. 

If approaches (1) and (2) converge, all hot spots in the simulated area should be switched off at the equilibrium. An example of the hot spot situation after simulation of (1) for a given draw is depicts in Figure 2. In this example, the blind switch on approach does not converge to all hot spots off.
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Figure 1: Simulation framework with UE distribution example
	[image: image2.emf]
Figure 2: Example hot spots switch off (with threshold set to mean load) 


We have performed 1000 Monte- Carlo trials of UEs distribution, and simulated different load thresholds for different mean UE density. Note that the threshold is assumed to be identical for all base stations, the average load being the same among the simulated area. We also did not take into account maximum load parameter, i.e. base stations are assumed to always accept hand-over requests.

Table 1 shows the different UE distributions parameters used in the simulation.

Figure 3 provides simulation results for different load threshold values expressed relatively to the mean UE density for the blind switch on approach (1). The selective switch on (2) is shown for comparison.  In this later case, all hot spots in the simulated area remain off.

	Mean UE number  per hot spot
	51
	10
	2

	Standard deviation
	29
	5.73
	1.12


Table  1: Different UE distributions parameters
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Figure 3: Influence of load threshold on autonomous switch off efficiency
We can see that the number of base stations remaining active in the blind switch on approach (1) strongly depends on how the threshold is configured relatively to mean UE density. Indeed, the system returns to a state of all hot spot stations in their dormant mode only if the threshold is set to a value well above the mean UE density, typically 3 times. 
This may be an issue if the difference between mean UE density during off-peak and peak load periods is not sufficiently high. On Figure 3, we can see that if the load threshold is set to 0.5 the mean UE density, then about 20% of the hot spots will switch off eventually. This means that the load threshold should be set to a value below half the peak load mean UE density.
Indeed, by denoting Hc the mean UE density at off-peak load periods and Hp the mean UE density at peak load periods, a reasonable threshold value th should verify:
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This means that mean UE density during peak load periods shall be over 6 times mean UE density during off-peak load periods.
3. Conclusion
In this contribution, we have conducted a first study on the blind switch on approach, which relies only on autonomous switch off algorithm for base station selection. It appears that blind switch on and selective switch on approaches do not converge to the same picture.
Results show that the energy saving efficiency of this approach strongly depends on the relation between load threshold and mean UE density. A value leading to have good energy efficiency while keeping good hot-spots offloading properties may be difficult to find.  Moreover, this blind switch on approach appears to be not well adapted to mean traffic variations. 
Solutions including selective switch on mechanisms, able to select only base stations relevant to local traffic increase should then perform better from energy saving point of view then solutions based on a blind switch on approach. It lets in addition to the overlapping cell the possibility to select the hot-spot(s) to wake up based on other criteria than the load.
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