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1 Introduction 

Energy saving can be performed either by changing cell configuration such as switching off some of the power amplifiers, antennas, boards, etc, or switching off the whole cell. Discussion in RAN3 focuses on inter-eNB and inter-RAT energy saving solutions by switching on/off cells and their coordination [1].
The most straightforward method for energy saving is to gather power consumption information of all cells in a serving area and decide the most proper cell configurations. Currently, capability of having energy consumption information of NEs are specified in [2] for OAM usage. To save as much energy as possible, it is better to determine the configuration of all cells in a more dynamic way. 

In this contribution, the feasibility of exchanging cell power consumption related information between cells is discussed and suggested. 
2 Discussion 
To perform energy saving efficiently, the configuration of cells can be adjusted according to some inputs [3]. Some metrics can be utilized to determine which cell(s) should be switch-off, which cell(s) should compensate for other cells, while which cell(s) should adjust resource usage. One of the feasible metrics for decision making seems load situation. Since power consumption of a cell varies with the manufacturer, model, version, site location, load situation, and etc., existing information including load situation exchanged between cells seems not enough to decide the proper configuration of cells.
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Figure 1: Example deployment scenario of inter-RAT overlay. E-UTRAN Cells: C, D, E, F. GERAN Cells: A, B. UTRAN Cells: G
An example is shown in Figure 1. In addition to E-UTRAN, a possible deployment scenario is that legacy systems include GERAN and UTRAN. When the load in Cell B, F, G are similar, should only Cell B perform energy without coverage impact? Or should Cell F switch off and Cell G compensate for some of the coverage area of Cell F? Or should only Cell G decrease its coverage? What option is the best choice for energy saving? Also, the situation may happen that two E-UTRAN cells with similar load situation, coverage and capacity consume different power level because of different site location and/or their manufacturers. Therefore, including power consumption of a cell as one of the metric for energy saving seems inevitable. In [2], there are information of energy consumption of NEs gathered and utilized by OAM. For more dynamic and efficient energy saving, power consumption information of a cell can be exchanged between each other. In coordination with existing information exchanged between cells, power consumption information of neighbor cells help to determine the most proper action from the three options in example in Figure 1. 
3 Solutions 
Energy saving action of a cell can be: 

1. A cell decides to enter/leave energy saving; 

2. A cell decides to ask another cell entering/ leaving compensation for energy saving; 

3. A cell decides to enter/leave compensation for energy saving, and 

4. A cell decides to ask another cell entering/leaving energy saving.

Power consumption information of a cell can be utilized to determine which action is the most proper one. Power consumption information of a cell can be.exchanged between cells through X2 or S1 interface. Take X2 interface for example, procedures with additional new elements for power/energy consumption information for X2AP communications are listed and explained in Table 1.
Table 1. Example for elements containing power/energy consumption information in X2AP Procedures
	X2AP Procedures
	Semantics description of elements exchanged in X2AP Procedures

	X2 Setup
	Containing pre-tested power consumption information for Lowload, Midiumload, Highload, and Overload

	eNB Configuration Update
	Containing self-measured power consumption information for l Lowload, Midiumload, Highload, and Overload during on-site operation

	Resource Status Reporting
	Containing power consumption of the cell’s current status

	Power Consumption Reporting (not existed in current X2AP Procedures)
	On request and response average power consumption over a period of time


* Measurement of power consumption in a cell can be based on the method specified in [4].
The four procedures listed in the above are examples for including power consumption information for exchange. Pre-tested power consumption information in X2/S1 Setup provides coarse information to neighbour cells according to load situation. Neighbour cells can utilize the information to decide energy saving action. Due to deployment method, site location, season, time, and etc. the cell can update its power consumption information by eNB Configuration Update procedure when there is large difference between original value and up-to-date value. For more precise decision, neighbor cells can request for Resource Status Reporting from a cell at some time instant. A new procedure can also be specified to include power consumption information in X2AP/SIAP. Energy saving can be performed in coordination with other existing information (e.g. load situation, UE positions, static OAM configuration). 
4 Conclusion
In this contribution, we discussed exchanging power consumption information between cells for energy saving. In combination with existing information exchanged between cells, power consumption information helps a cell to determine which action is proper for energy saving in a straightforward anf more dynamic way. It is suggested that power consumption information be exchanged between cells to achieve E-UTRAN network energy saving.
5 Text proposal 

	***  First change, omitted text not changed   ***


6.3
 Further enhancement
Issue 2
To perform energy saving efficiently, the configuration of cells can be adjusted according to some inputs. Some metrics can be utilized to determine which cell(s) should be switch-off, which cell(s) should compensate for other cells, while which cell(s) should adjust resource usage. Since power consumption of a cell varies with the manufacturer, model, version, site location, load situation, and etc., existing information exchanged between cells seems not enough to decide the proper configuration of cells.

Solution 5:

In this enhancement, power consumption information of a cell can be exchanged between cells. In cooperation with other existing exchanged information such as load situation, UE position, and resource usage, a cell can determine whether it should enter energy saving and how to perform energy saving by its proprietary algorithm more precisely. Table 1 lists and explains procedures with additional new elements for power/energy consumption information for X2AP communications. 
Table 1. Example for elements containing power/energy consumption information in X2AP Procedures
	X2AP Procedures
	Semantics description of elements exchanged in X2AP Procedures

	X2 Setup
	Containing pre-tested power consumption information for Lowload, Midiumload, Highload, and Overload

	eNB Configuration Update
	Containing self-measured power consumption information for l Lowload, Midiumload, Highload, and Overload during on-site operation

	Resource Status Reporting
	Containing power consumption of the cell’s current status

	Power Consumption Reporting (not existed in current X2AP Procedures)
	On request and response average power consumption over a period of time


* Measurement of power consumption in a cell can be based on the method specified in [4].
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