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1 Introduction 

In this paper we study the power consumption impacts of energy saving enhancements currently being considered in RP-122035[1] mainly concentrating on the LTE Coverage Layer scenarios finalized in R3-130748[2]. We consider the various aspects and impacts of increase in power consumption due to compensation and try to quantify the gains that could be achieved in terms of energy savings. Some simulation results based on the considered scenarios for various compensating conditions are presented as well.
2 Discussion
2.1 Scenario and Problem Description
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Figure 1: Single compensating eNodeB scenario considered in R3-130748[2].

As part of the energy saving enhancements discussion in RAN3#79bis, the scenarios for LTE coverage layer was finalized in R3-130748[2] to be included in the TR for the study R3-130723[3]. The scenarios for energy saving are described as those where an LTE layer deployed after following careful network planning procedures with the intent to provide coverage, may offer opportunities to reduce the overall energy consumption R3-130748[2]. Regarding the applicability of the study, it was concluded that network operator can decide the applicability of the enhancement depending on the various factors such as traffic variations, etc.
In this paper, we consider the two compensating scenarios agreed to be included in the TR. The first scenario is as shown in Figure 1, where the presence of a single compensating eNodeB (eNB1) is assumed which compensates for energy saving sectors from multiple neighboring eNBs (eNBs - 2, 3 and 4). The second scenario considered is as shown in Figure 2, where multiple eNBs (eNBs - 2, 3 and 4) play the role of compensation cells to compensate for switching OFF an eNB (eNB1).
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Figure 2: Multiple compensating eNodeBs scenario considered in R3-130748[2].
In both the scenarios, one of the main concerns raised in R3-130723[4] is the possible increase in power consumption due to increase in compensation eNB transmit power, which could offset the gains from switching off the energy saving cell. Using simulation results, it was presented in R3-130704[5] that basic coverage could be provided during low traffic time periods without increasing transmit power. In R3-130592[6] it was shown that using optimal radio parameter settings, one or more compensation cells can compensate for the coverage of one or more energy saving cells.
While increase in transmit power is indeed one of the dimensions involved with respect to compensation cell providing coverage for the dormant energy saving cell, another key factor is the load of the energy saving cell which would be added to the compensation cell. The increase in load would cause an increase in transmit power and correspondingly increase the overall power consumption due to energy saving enhancement. In this paper we consider these two factors to evaluate the potential energy savings that could be achieved using such enhancements by comparing it with the possible increased power consumption to show the benefits that could be achieved.
2.2 Simulation Results and Observations
In R3-130704[5] and R3-130592[6], scenarios where energy saving enhancement can be done without increase in transmit power was presented, in this section, we consider the non-optimistic scenario where compensation cell increases its transmit power to compensate for the energy saving cell and evaluate whether even in such scenarios energy saving gains can be obtained. The study done in R3-130669[7], based on the considerations in G. Auer et al.[8] showed that significant energy savings can be obtained by reducing the transmit power of the eNBs. In this section, we consider the transmit power vs. power consumption data considered in R3-130669, G. Auer et al.[7, 8] to evaluate the possible energy savings by increasing transmit power of CS cells to compensate for the coverage of ES cells. For both the scenarios described in the previous section, the actual energy savings would depend on these two factors.
In Figure 3, the load of energy saving cell (traffic offloaded to CS cell before entering dormant state) compared to total power consumed by the cells for release-11 mechanism (where all cells remain active) and for various increase in CS cell transmit power values are shown. The values are shown considering the gains for one sector of ES and CS cells. The ES cell load is varied from 10 %, which represents the minimum load for sending reference signals to 50 % the possible maximum load at which an ES cell can enter dormant state. The maximum value used in the figure is only for illustration and could be pre-configured by OAM for e.g., depending on the backhaul capacity and QoS requirements of the network. From the figure, we can observe that for CS cell transmit power increase values less than 70 %, significant energy savings can be obtained in the network. The limits for increase in transmit power values could be configured by the network operator depending on the network deployment requirements. Since the eNB positions remain static, current considerations and requirements defined in R3-130748[2] will ensure that significant energy savings can be obtained using the studied enhancements. The details of values used for the evaluation is as described in the Appendix section.
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Figure 3: Load of ES Cell vs. Total Power Consumed for various CS cell increase in Transmit Power values.

Observation 1: For CS cell transmit power increase values less than 70 %, significant energy savings can be obtained in the network, thereby enabling significant OPEX reductions for the network operators.
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Figure 4: Savings in power consumption vs. increase in CS cell Transmit Power value.

The power consumption savings relative to CS cell increase in transmit power values are as shown in Figure 4. For the scenarios considered in R3-130704, R3-130592[5, 6], where it was shown that with acceptable sub-optimal performance, compensation can be done without increasing transmit power values, power consumption can be reduced up to 22 %. For a normal scenario, a maximum of approximately 30 % transmit power increase would be required to provide same coverage and power values as before compensation (since each ES cell sector is compensated by 3 CS cell sectors), which would lead to approximately 12 % network power savings. Further analysis on a realistic network deployment and related OPEX reduction is done in the Appendix section.
3 Conclusion and Proposals

In this contribution we study the possible energy savings that can be achieved in LTE Coverage Scenarios for varying ES cell load as well as CS cell increase in transmit power values. Based on the evaluations done, it is observed that even with current considerations, significant energy savings can be obtained in the network, thereby reducing the OPEX for the network operators. The observation and related proposal based on this work is as mentioned below.
Observation 1: For CS cell transmit power increase values less than 70 %, significant energy savings can be obtained in the network, thereby enabling significant OPEX reductions for the network operators.

Proposal: RAN3 is respectfully requested to consider the evaluations done in this paper and consider them as baseline for evaluating solutions proposed for the study.
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5 Appendix
For the analysis in this paper, we have assumed macro eNB maximum transmit power of 46 dBm with 2 antennas per sector. The total power consumption expression used is the same as the one considered in R3-130669, G. Auer et al.[7, 8]. To make the analysis simpler, we considered a static load of 30 % in CS cell. The analysis is equally valid for a dynamic load or any other value of CS cell load as well. In order to further quantify the operational expenditure (OPEX) gains that can be achieved, we consider the number of base station values shown in OfCom[9] along with the average price per kWh assumed to be 0.16 £ Electricity Price[10].
Taking significantly non-optimistic consideration that 10 % of the UMTS base stations (approximately same or more LTE base stations would be present in the future) are in dormant state as part of ES enhancements and assuming (again pessimistically) that each base station consists of only one sector, the possible OPEX savings [£] per day for various CS cell increase in transmit power values are as shown in Figure 5. The values are obtained using the results shown in figures 3 and 4. Here we assume that ES enhancements are only applied during the period of 00:00 hrs to 04:00 hrs during which network traffic would be minimal and all the base stations belong to a single operator. Also, based on the requirements and constraints defined in R3-130748[2], transmit power increase will not exceed beyond the limits with which energy savings can be achieved. From the figure we can observe that even when the energy saving gains are not considerably high (for e.g. 30 % TX power increase case) the OPEX reduction per day is significantly high.
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Figure 5: OPEX Reduction [1000 £] vs. the increase in CS cell transmit power.

Based on the assumptions considered in R3-130704, R3-130592[5, 6], network operator can achieve significant OPEX reduction of up to 80 k£ per day for the considered scenario without loss in network performance. Since increasing transmit power of eNBs lead to increase in total power consumption, the cost savings are slightly offset due this factor. Based on the assumption that 3 neighboring cells will compensate for each ES cell, approximately 30 % increase in transmit power would be the upper limit for compensation. In such a scenario, based on the considered non-optimistic scenario the OPEX reductions are approximately 50 k£. If we slightly modify the scenario to consider 3 sectors / ES eNB, the OPEX reductions per day would become three times the values shown in Figure 5.
