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Discussion
1 Introduction
At the RAN3 #79 meeting a discussion was started on the solutions enabling energy savings in non-overlapping macro deployments. The main topic is enabling switching off one or more cells and enabling the neighbor cells to reconfigure so that coverage loss can be compensated. This approach enables highest energy saving, but only temporarily, when the capacity provided from the cells to be switched off is not needed. Furthermore, obviously only a small subset of the cells can be switched off. It is disputable what percentage of time and cells that could be the case in macro deployment.
In this paper we would like to propose another approach for the problem: optimization of the transmission power of macro cells without switching off any, so that overall energy consumption would be decreased permanently. 
2 Discussion

2.1 The solution

The compensation-based approach assumes selected macro cell or cells can be reconfigured to compensate for coverage loss when another macro cell or cells are switched off for energy saving purposes. This reconfiguration must be based on increased power (if power is available), or up-tilting, or both. However, neither of the solutions is always applicable everywhere to guarantee the compensation for the overall cells in the network, for example changing configuration will not help in case of physical obstacles: buildings, mountains etc. In some cases efficient usage of the technology may therefore require very laborious network planning and optimization for the two scenarios: all cells on and for the compensating mode. Moreover, a too aggressive need for the compensating mode may further lead to suboptimal planning decisions for normal state.
Another approach is to optimize the transmission power of all stations, so that without switching off any, overall energy consumption in normal mode is minimized. The method is based on the assumption the RX power at the cell edge can be minimal. Therefore, if an eNB, based on UE measurements (RSRP) and its configuration, detects the RX power at cell edge is not as low as it could be, it can decrease the power appropriately. This, however, may lead to shifting cell borders and changing interference situations, if other cells do not follow. This is typically not desired since network planning may have placed the boundaries to certain areas. Therefore the key point of the proposed solution would be signaling enabling synchronization of power adaptation.

Significant gains might be possible in very dense deployments of macro cells (e.g. inter-site distances <500m), and when minimizing the transmit power was not the dominating target of network planning. Obviously the latter is the crucial question. Note that the available data during the planning phase is less reliable than the measurements received during operations, in particular due to indoor coverage. So aggressive power planning is risky during the planning phase. Furthermore the deployment of small cells may relax the coverage requirements for a macro cell compared with the planning phase. The optimization may therefore lead to limiting the TX power by several dBm.
A centralized OAM solution for power minimization may be possible as well. However, the eNB has a much more exact picture of the coverage situation, and a distributed solution will keep complexity away from the network.
2.2 Gain estimation

The efficiency of the proposed solution can be explained with an example. Let’s make following assumptions, based on data published in [1] using two Tx antennas for a cell:
· “Sleep Power” is 150W. This is needed in any case, even when the RF is switched off.

· Power consumption with zero transmit power is 260W

· Power consumption at max Tx power is ~450W

· Power consumption with zero load is ~280W (assuming 10% of max Tx power is used for reference signals)

· The relation between power consumption and transmit power is linear.

Assume that a cell may reduce the power in an area by 3dB (without affecting coverage or performance):

· Power consumption goes down from 450W to 350W (see Figure 1; assuming full load), or from 280W to 270W (assuming zero load).

· This means 10-100W savings for every cell in the area, 24 hours a day, 7 days per week.

Let us compare this with “classical” switch off method:

· Some cells may be switched off if capacity is not needed, e.g. 20% of the cells in 50% of the time can be switched off (optimistic approach!).

· In those cells and period, the power consumption can be reduced from 280W to 150W.

· So 130W can be saved in 20% of the cells in 50% of the time; therefore 13W is saved per cell on average.

· Even this 13W is questionable, since the load in the compensating cells will increase, which will increase the transmit power and therefore the power consumption as well. This further reduces the 13W saving.
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Figure 1. Power consumption per cell in [W].
The proposed method can therefore bring comparable or larger (especially when cells are not completely empty) gain as “classic” switch off, but without risky changes in tilt or switching off cells. The cost is signaling needed to coordinate power optimization action among cells, but since the state would be quasi-stable (comparable to the result of MRO activity), the signaling would not cause much load. 

The signaling itself would need be based on class-1 procedure: a cell, when the room for power optimization is detected needs to collect information from its neighbours, if they can reduce their power accordingly. If some of the neighbours can not confirm the reduction, the boundary shift may need to be assessed.
3 Summary and proposals
A simple solution to enable transmission power optimisation was presented in this paper. The core of the idea is optimization of TX power at all the cells in given area, so that overall power consumption is reduced. It has been shown the method is competitive, in terms of saved energy, to classic method based on cell switch-off. Also, optimisation of the TX power limits overall interference in the network, but the fact that it is based on the measurements collected from the UEs guarantees the service perception is not jeopardised. It is therefore proposed to consider this solution in the further work.
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