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1 Introduction 

In this paper we discuss a problem that possibly addresses the energy saving (ES) objective for E-UTRAN systems currently being studied in RP-122035[1]. In this contribution we try to quantify the minimum energy saving gains that could be achieved for the overlaid scenario finalized in R3-130749[2]. During RAN3#79bis, various solutions for switching ON and OFF cells in such a scenario were discussed. This contribution mainly aims at evaluating the potential energy saving gains from having energy saving enhancement in an overlaid scenario and also propose to consider a combination of traffic offloading potential as well as the QoS requirements of UEs while evaluating solutions.
2 Discussion
2.1 Scenario and Problem Description
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Figure 1: Considered scenario with compensation (CS) and energy saving (ES) cell with overlaid coverage R3-130749[2].
In this contribution we consider the scenario proposed in R3-130749[2] to be included in the TR36.887[3] for further study on energy savings enhancements for E-UTRA as shown in Figure 1. Currently, consideration for activation of cells is based mainly on load indicators and the QoS requirements are not taken into account TS36.300[4]. In R3-130626[5], using system level simulations, it was shown that currently defined mechanisms could lead to large amount of unnecessary cell activation and there could be new mechanisms which could minimize it. Some of the new mechanisms currently proposed and being considered in the study are summarized in R3-130778[6]. In this paper we try to be agnostic regarding which solution or combination of solutions are finally adopted at the conclusion of the study, but rather concentrate on the energy saving potential of further enhancing the energy saving features.
2.2 Simulation Results
In this section we evaluate the energy saving potential per micro and pico cells using intelligent activation mechanisms. The transmit power values of the cells and related power consumption follows the study done in G. Auer[7] and is in line with the assumptions used in R3-130669[8]. Detailed parameters and assumptions used along with the results can be found in the Appendix section. The evaluations done in this section is mainly to address and evaluate concerns raised regarding the actual energy saving potential of the study, for e.g. as studied in R3-130723[9].
Using detailed evaluations as shown in figures 2 to 6, it was shown that even for a heavily loaded overlaid cell; energy savings are possible entirely depending on the traffic offloading potential. From the results, we can conclude that for micro cells [N = 1], it is not beneficial to activate a micro cell unless at least 23 % of the traffic is offloaded from the overlaid cell. For pico cells, for the same case, the additional energy consumption due activating each cell could be justified if more than 3 % of the total traffic of the overlaid cell is offloaded to the pico cell.  The traffic offloading requirements increase linearly as a function of the number of energy saving cells that needs to be activated. For e.g., with each macro cell having N = 10 pico cells within its coverage area, approximately 30 % of traffic offloading would be required to satisfy the increase in energy consumption criteria. Based on the detailed evaluation and energy consumption results, we make the following proposal.
Proposal 1: RAN3 is respectfully requested to kindly consider the discussion of energy savings vs. traffic offloading factor described in section 2.2 and take a decision regarding the energy saving potential achievable through this study for the considered scenario.

2.3 Observations

In the previous section, detailed analysis of the traffic offloading vs. energy savings was done. This was essentially done without considering any particular solution, but as a generic evaluation of the energy savings potential that could be achieved by this study. But taking this factor into account alone might not provide sufficient QoS enhancements to the UE, especially with respect to the requirements defined for the study such as QoS requirements, subscriber type, etc. So it is proposed to consider a combination of traffic offloading potential factor, as well as QoS requirements of the UE as well as the supported QoS of the target ES cell while studying the energy saving enhancements.

The combined consideration of QoS and traffic offload potential essentially means that energy savings criteria is satisfied as well as QoS requirements of the UEs are satisfied. Various solutions have currently been proposed for this study as documented in R3-130778[6]. The solutions could be evaluated from these criteria to achieve energy efficiency in the network. The minimum criteria could be that unnecessary activation of cells is avoided and cell activation does not lead to increase in HandOver Failures (HOFs) or Radio Link Failures (RLFs). The energy saving criteria could be configured using OAM which could inform the traffic offloading thresholds for ES cell activation to the eNBs. This would also imply that the QoS and resource provisioning/prediction solutions currently being considered in R3-130778[6] would have to converge to satisfy the energy saving criteria. Based on this analysis, the following proposal is made.
Proposal 2: RAN3 is respectfully requested to consider a combination of traffic offloading potential as well as the QoS requirements of UEs while evaluating solutions for this study.
3 Conclusion and Proposals

In this contribution we study the possible energy savings potential from having enhancements in the overlaid scenario. Using simulations and other evaluations, we quantify the traffic offloading margin below which unnecessary cell activation would lead to higher network power consumption, consequently leading to higher operational expenditure (OPEX). Based on the evaluations, we can conclude that significant energy saving gains can be achieved using enhanced energy saving mechanisms and propose to consider UE QoS requirements along with the target traffic offloading value to achieve the energy saving targets. Based on the detailed evaluations done, the following proposals are made:
Proposal 1: RAN3 is respectfully requested to kindly consider the discussion of energy savings vs. traffic offloading factor described in section 2.2 and take a decision regarding the energy saving potential achievable through this study.

Proposal 2: RAN3 is respectfully requested to consider a combination of traffic offloading potential as well as the QoS requirements of UEs while evaluating solutions for this study.
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5 Appendix
During evaluations, we consider an overlaid macro cell having maximum transmit power of 46 dBm having antenna transmit characteristics in line with TR36.839, TS36.814[10, 11]. Following the assumptions in G. Auer[7], we consider micro cells having maximum transmit power of 38 dBm and pico cells having 21 dBm maximum transmit power. For the Release-11 mechanism, we consider that the CS and ES cells are activated all the time and offloaded traffic load is transferred to the ES cell. For the enhanced mechanism, we consider that ES cells are activated only when total network power consumption exceeds the value of having ES cells in dormant state (sleep mode). Here 10 % load is assumed to be consumed by reference signals and the rest by the data traffic. Also, the sleep mode power, total transmit power, etc. follows the values considered in G. Auer[7]. The figures given below illustrate a few deployment options currently defined in TS36.814 [11] and their corresponding power consumption values.
The energy consumption results for micro cells having 38 dBm deployed within the coverage area of a macro cell with 48 dBm maximum transmit power is as shown in Figure 2. Here Rel-11 mechanism indicates the currently standardized mechanism where depending on the load of the overlaid cell, energy saving cells are activated. For the enhanced mechanisms we consider the total energy consumption in an overlaid cell for various traffic offload values where energy saving cells are activated only when there is significant energy savings. As we can observe from the figure, during low traffic offload conditions, switching on micro cells (Rel-11 mechanism) will not give any benefits even when the overlaid cell is having high load. At the same time, the energy consumption of the whole network is significantly high. Unless there is a significant amount of traffic offload, approximately 23 % in this case, it would be beneficial not to activate the energy saving cell. 

In Figure 3, evaluations similar to the ones done in Figure 2 are considered for ten pico cells with 21 dBm maximum transmit power within the coverage area of an overlaid macro CS cell. Here the traffic offload value below which energy savings can be obtained is shifted to the left by a factor which corresponds to the difference in transmit power values of the overlaid and energy saving cells. From the figure, we can conclude that if the traffic offload is below 30 % of the total traffic of the overlaid cell, the energy consumption of the whole network increases. This essentially means that the current mechanism is inefficient for such a scenario as well. Kindly note that the values are evaluated considering only ten energy saving cell per overlaid cell and the offloaded traffic load requirements are multiplied by a factor of N, where N is the number of energy saving cells with the coverage area of the overlaid cell. Considering the high perceived deployment of small cells in future, if there is one pico ES cells in the overlaid scenario, activating the pico cell would be beneficial in terms of energy savings only if the offloaded traffic is approximately 3 % of the total overlaid cell traffic. This factor when multiplied by the factor of N as mentioned earlier would give corresponding values for N ES cells within a CS cell. The corresponding power consumption values for other deployment options are given in the Appendix section.
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Figure 2: Energy savings for micro cells for various overlaid cell load conditions [N = 1].
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Figure 3: Energy savings for two micro cells / macro cell for various overlaid cell load conditions [N = 2].
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Figure 4: Energy savings for one pico cell / macro cell for various overlaid cell load conditions [N=1].
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Figure 5: Energy savings for two pico cells / macro cell for various overlaid cell load conditions [N = 2].
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Figure 6: Energy savings for ten pico cells for various overlaid cell load conditions [N = 10].

