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1 Introduction
With regard to the study item, “Further Energy Saving Study for EUTRAN” [1], and specifically with regard to the energy saving scenario for LTE coverage layer, this contribution discusses enhancements to facilitate the transitions between different coverage configurations of cells used for energy saving. In addition, it is proposed that the description of this scenario includes the scenarios where another cell provides coverage in the same area as the cells used for energy saving. 
2 Description
2.1 ES coverage area with coverage cell
At the RAN3#79bis meeting, the agreed description for the energy saving scenarios for LTE coverage layer [2] includes the following:
“Scenarios for energy saving are scenarios where a LTE layer deployed according to network planning to provide coverage may offer opportunities to reduce the overall energy consumption. 
Energy saving scenarios include cells switching off with compensation provided by neighbour cells …”

The LTE layer with ES capabilities that is referred to in this description does not necessarily provide the only coverage for the area. Compensation cells and ES cells may operate within an area that includes a coverage cell, for example. 
Figure 1 illustrates a scenario where cell A provides coverage for the same area as cells B-H, but cell A and cells B-H operate on different carrier frequencies. In this scenario, cell B can function as a compensation cell for ES cells C-H. As shown in Figure1a, the compensation cell B can operate over a smaller area when the ES Cells are switched-on and, as shown in Figure 1b, the compensation cell B may operate over the larger area when ES cells C-H are switched-off. 
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« For energy savings:
« Cells C-H switch off.
« Cell B expands its coverage to compensate
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« For energy savings:
« Cells G and H switch off.
« Cell B expands its coverage to compensate.
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Figure 1 Illustration of scenario for ES coverage area with coverage cell
In Figure 1b, ES cells C-H have been switched off and cell B has expanded its coverage to include the areas previously covered by cells C-H. This could illustrate a situation where traffic demand does not warrant cells C-H to be active, but the carrier is still utilized over the coverage area. In Figure 1c, cells G and H have been switched off and cell B has expanded its coverage to include the areas previously covered by cells G and H.
Figure 2 illustrates a procedure for a transition between cell coverage configurations of the cells used for energy saving and is described as follows:
1. An ES cell’s eNB determines that the current traffic load does not require the ES cell(s) to be switched-on. 

2. The ES cell’s eNB sends a message “Cell State Change Request” (for example) to the compensation cell’s eNB to request that the ES cell(s) be switched off. 

3. The compensation cell’s eNB determines that the current traffic load would allow the compensation cell to provide coverage for the area being served by this cell(s) and sends a response message, “Cell State Change Response”, to the ES cell’s eNB with an indication that the ES cell(s) should be switched off. 

4. The ES cell’s eNB hands over the ES cell(s)’ UEs to the coverage cell or to another neighbor cell.
5. Once all the UEs of the ES cell(s) have been handed over, the ES cells’ eNB sends a message, “Cell State Change Update”, with an indication that the compensation cell may begin to expand its coverage to include the area that was covered by the ES cell(s). 
6. The compensation cell expands its coverage to include the area that was covered by the ES cell(s).

7. The compensation cell eNB sends a message, “Cell State Change Update”, with an indication that the compensation cell has completed its coverage expansion.

8. The compensation cell’s eNB sends “eNB Configuration Update” message to other eNBs indicating that one of its cells has expanded its coverage.

9. The ES cell(s)’ eNB sends “eNB Configuration Update” message to other eNBs indicating that one or more cells have been switched off.
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Figure 2 Signaling sequence illustrating procedure for radio coverage transition
This procedure is not dependent on the availability of a coverage cell as long as other means are available to offload the ES cells’ UEs to other cells. 

The scenario where a coverage cell provides coverage in the same area as the energy saving cells is motivated by several reasons as follows:

· Support for multiple carriers should be common, particularly for macro cells.

· UEs being served by the ES cells (cells C-H) can be handed over to the coverage cell (cell A) before the ES cells are switched off and before the compensation cell (cell B) begins to expand its coverage. This allows excessive interference and radio link failures to be avoided as the compensation cell expands its coverage.

· As the compensation cell expands its coverage, signal strength measurements of the coverage cell and the compensation cell by the same UEs can be compared to assist with establishing the proper coverage for the compensation cell, such as in the case where the compensation cell is to have the same coverage as the coverage cell. For the case where the eNBs of a coverage cell and a compensation cell are different, signaling is required between the coverage cell eNB and the compensation cell eNB to coordinate the coverage expansion of the compensation cell based on these measurements.

Based on the consideration of the above discussion, the following is proposed:
Proposal 1: In the technical report’s [3] description of the energy saving scenarios for LTE coverage layer, include scenarios where a coverage cell provides coverage for the same area as the energy savings layer as well as scenarios where a coverage cell is not available. A text proposal for the technical report is provided in the annex.
Proposal 2: Consider the following capabilities in the solutions for managing the transitions between different configurations of the cells used for energy saving: 
· ES cells’ eNBs can provide a dedicated indicator to a compensation cell eNB for the purpose of identifying the time that the compensation cell can begin to expand its coverage. 

· Compensation cell’s eNBs can provide a dedicated indicator to ES cells’ eNBs for the purpose of identifying the time that the compensation cell has completed expanding its coverage.
· ES cell eNBs do not send eNB Configuration Update with switched-off cell indicators until they have received notification that the compensation cell has completed expanding its coverage.
· Compensation cell eNBs can provide other eNBs with an indicator in the eNB Configuration Update that the coverage area of one or more of its cells has been expanded.

· For the case where a coverage cell provides coverage for the same area as the cells used for energy savings, signal strength measurements of the coverage cell and the compensation cell by the same UEs can be compared to assist with establishing the proper coverage for the compensation cell, such as in the case where the compensation cell is to have the same coverage as the coverage cell. For the case where the eNBs of the coverage cell and the compensation cell are different, signaling is required between the coverage cell eNB and the compensation cell eNB to coordinate the coverage expansion of the compensation cell based on these measurements.
3 Conclusion
This contribution discusses enhancements to facilitate the transitions between different coverage configurations of cells used for energy saving and discusses the scenarios where another cell provides coverage in the same area as the cells used for energy saving. Based on these considerations, the following is proposed:
Proposal 1: In the technical report’s [3] description of the energy saving scenarios for LTE coverage layer, include scenarios where a coverage cell provides coverage for the same area as the energy savings layer as well as scenarios where a coverage cell is not available. A text proposal for the technical report is provided in the annex.

Proposal 2: Consider the following capabilities in the solutions for managing the transitions between different configurations of the cells used for energy saving: 
· ES cells’ eNBs can provide a dedicated indicator to a compensation cell eNB for the purpose of identifying the time that the compensation cell can begin to expand its coverage. 

· Compensation cell’s eNBs can provide a dedicated indicator to ES cells’ eNBs for the purpose of identifying the time that the compensation cell has completed expanding its coverage.
· ES cell eNBs do not send eNB Configuration Update with switched-off cell indicators until they have received notification that the compensation cell has completed expanding its coverage.

· Compensation cell eNBs can provide other eNBs with an indicator in the eNB Configuration Update that the coverage area of one or more of its cells has been expanded.

· For the case where a coverage cell provides coverage for the same area as the cells used for energy savings, signal strength measurements of the coverage cell and the compensation cell by the same UEs can be compared to assist with establishing the proper coverage for the compensation cell, such as in the case where the compensation cell is to have the same coverage as the coverage cell. For the case where the eNBs of the coverage cell and the compensation cell are different, signaling is required between the coverage cell eNB and the compensation cell eNB to coordinate the coverage expansion of the compensation cell based on these measurements.
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5 Annex – Text proposal

The following text is proposed to be added to the TR for the study on energy saving enhancement, TR 36.887 [3]
[…]
5
Energy saving scenarios for LTE coverage layer

Scenarios for energy saving are scenarios where a LTE layer deployed according to network planning to provide coverage may offer opportunities to reduce the overall energy consumption.. 
Energy saving scenarios include cells switching off with compensation provided by neighbour cells and/or other energy saving methods, e.g; energy saving with Tx power optimization. Another layer may be available that provides coverage for the same area as the cells used for energy savings and this layer may be used to facilitate transitioning between different coverage configurations of the cells used for energy saving. Solutions are considered for the case when another coverage layer is available as well as for the case when another coverage layer is not available. 
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