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1 Introduction 

Study on Energy Saving Enhancement for E-UTRAN RP-122035 [1] was approved at TSG RAN#58 to investigate various proposals for saving energy in LTE-Advanced networks with minimal impacts to related nodes and user experience. In this contribution, we evaluate the need for switch ON enhancements proposed as part of the study, and documented in TR 36.887 [2]. 
2 Discussion
2.1 General Consideration
In this section, we present some general considerations to be taken into account as part of the study. Currently there are various solutions documented in TR 36.887 [2], which tackles various issues identified as part of the study. Mainly scenarios are classified into four scenarios depending on the energy saving actions involved. Inter-eNB scenario which mainly involves energy saving actions related to switching ON/OFF capacity booster cells, deployed within the coverage of a macro cell, as shown in Figure 1.
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Figure 1: Inter-eNB Energy Saving Scenario TR 36.887 [2]
While there have been several proposals for better switch ON of picos, we evaluated the fundamental question whether such an enhancement is required or not. The only alternative for not standardizing a switch ON enhancement would be that either all cells are active, or cells are randomly switched on. Both alternatives are not sufficient, since they will not provide optimal energy efficiency to the network. This would also lead to sub-optimal network performance in terms of higher interference or lower throughput, depending on how in-efficient the resultant network would be
Observation 1: Not standardizing a switch on enhancement would lead to sub-optimal network performance in terms of energy efficiency, interference conditions and throughput.
Using simple evaluations, we try to quantify the energy consumption for a heterogeneous network with and without switch on enhancements. Here we compare the scenario where 50 users are randomly deployed in the network, having a varying density of small cells. The energy consumption for small cells is shown with and without an ideal switch on enhancement mechanism. The mechanism is agnostic in terms of which of the solutions currently proposed in the study are used. We only try to find the potential energy saving gains that a network operator can gain having such enhancements.

2.2 Evaluation

In order to justify the observation made in the previous section, we evaluate the power consumption in a network with and without switch on enhancement. First we evaluate the need for the enhancement when there are a few (10) UEs uniformly deployed in the system per cell. The results are as shown in figure 2. We can observe that there are significant gains when switch on enhancement is used and accurately those cells are activated which have active or connected mode UEs in its vicinity. When there is a dense deployment of 10 picos per macro cell, we can observe gains of more than 50 %. The gains obtained are agnostic of which switch on enhancement is used, and is illustrative of the technology potential of having such an enhancement.
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Figure 2: Pico Power Consumption [kW] with and without switch on enhancements for 10 UEs/macro cell.
Intuitively, one would imagine that the gains are present only for sparse deployment of UEs at low densities, for e.g. during night-time or off-peak hours. But we try to evaluate whether there are gains during peak hours as well, by presenting the gains possible during a dense deployment of UEs and for a varying density of small cells. The results obtained are as shown in Figure 3. From the figure, we can observe that for low densities of small cells, the gains are not significant, since the number of UEs in the macro cell is significantly higher as compared to the number of small cells. But at high user density and with dense deployment of small cells the gains become significant. At 10 picos/macro cell the gains are high as 20 %, as compared to the scenario without switch on enhancements. Based on these evaluations, there are clear indications for the need for standardizing mechanisms for better and accurate activation of small cells. The following observation and proposal is made:

Observation 2: Not standardizing switch on enhancements could lead to a possible 50 % increase in energy consumption at low user density, and up to 20 % increase at high user density.
Proposal 1: Based on the evaluations done in this paper, it is proposed to evaluate and standardize switch on enhancements for accurate activation of small cells.
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Figure 2: Pico Power Consumption [kW] with and without switch on enhancements for 50 UEs/macro cell.
3 Conclusion and Proposals

In this contribution, we provide an evaluation of the need for switch on enhancements to be standardized as part of the energy savings SI. While there are still issues to be addressed in TR 36.887 [2], there is a clear need for having switch on enhancement for energy efficient operation of the network. Based on the evaluations done in this contribution, the following observation and proposals are made:

Observation 1: Not standardizing a switch on enhancement would lead to sub-optimal network performance in terms of energy efficiency, interference conditions and throughput.
Observation 2: Not standardizing switch on enhancements could lead to a possible 50 % increase in energy consumption at low user density, and up to 20 % increase at high user density.
Proposal 1: Based on the evaluations done in this paper, it is proposed to evaluate and standardize switch on enhancements for accurate activation of small cells.
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5 Appendix
We consider a heterogeneous network with 7 macro eNBs with three cells each, 500 m Inter-Site Distance (ISD), having [1-10] picos/cell. The minimum Macro-to-Pico distance is 60 m and minimum Inter-Pico distance is 30 m. Path loss based cell selection for ES cells was used. 50 Users/Site were dropped uniformly in each eNB and 200 Iterations of 1 hour each were run to obtain reasonable averaging of the results. Macro eNB had a bandwidth of 10 MHz and pico ES cells with 10 MHz. The simulation parameters were taken from TR 36.814, in line with the assumptions used for LTE-Advanced system level simulation settings.
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