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1
Introduction
This contribution identifies requirements and some general solutions for the non-overlapping coverage scenario included in the study item: “Further Energy Saving Study for EUTRAN” [1].
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Description
2.1
Radio coverage area transitions
For the non-overlapping coverage scenario, when the Compensation Cell and Energy Saving (ES) Cells share a common frequency carrier, UEs may be subject to excessive interference and radio link failures when some cells are expanding or reducing their coverage and other cells are switching off. 

Figure 1 illustrates a case where cells B-G are ES Cells and will be switched off and cell A is a Compensation Cell and will expand its coverage area to include the coverage areas of ES Cells B-G. 
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Figure 1 Scenario with Compensation Cell A, ES Cells B-G, and heavily loaded cells in adjacent region
One approach to avoiding interference and radio link failures during radio coverage area transitions could be to incrementally increase the coverage area of cell A as the coverage areas of cells B-G are decreased. However, multiple Compensation Cells would be needed to cover the ES Cells' coverage area from all sides. If neighbor cells adjacent to ES Cells are heavily loaded, they will not be able to accept additional load from the switched-off cells and so they would not able to expand their coverage to include areas previously covered by ES Cells. In such a case, one Compensation Cell would be required to cover the entire area of the switched-off ES Cells.

Figure 2 illustrates the case where coverage areas are changed incrementally to allow UEs served by ES Cells to handover to the Compensation Cell in incremental steps in order to avoid interference between the Coverage cell and the ES Cell. As shown in the figure, as the Compensation Cell’s coverage area expands and the ES Cell coverage area contracts, UEs that are on the side of the ES Cell that is close to the Compensation Cell do hand over to the Compensation Cell. However, as the ES Cell contracts, the UEs on the other side of the ES Cell, away from the Compensation Cell, will lose radio coverage because the coverage of the adjacent neighbor cell on this side of the ES Cell is not expanding.
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Figure 2 Compensation Cell A expands and ES Cells contract incrementally causing RLF
Proposal 1: Capture the following requirement for this Study Item: 

For the non-overlapping coverage energy saving scenario, solutions for controlling radio coverage area transitions shall mitigate interference, radio link failures, and handover failures and it should not be assumed that an ES Cell is surrounded by Compensation Cells.
2.2
Compensation Cell/ES Cell area with a coverage carrier
A Compensation Cell and ES Cells may operate within an area that includes a coverage carrier. The coverage carrier always operates over the larger coverage area. The Compensation Cell carrier is in common with ES Cells and operates over a smaller area when the ES Cells are switched-on and operates over the larger area when the ES Cells are switched-off. During a radio coverage area transition, before the ES Cells are switched off, and before a Compensation Cell expands its coverage, the UEs served by the ES Cells may be handed over to the coverage carrier or handed over to another neighbor cell in order to off-load the ES cell.
The Compensation Cell’s eNB should be notified by an ES Cell’s eNB when all of the ES Cell’s UEs have been handed over, so that it can be determined when the Compensation Cell’s coverage area can be expanded to include the area previously covered by the ES Cell.
Figure 3 illustrates an example of the signaling part of this procedure and is described as follows:
1. An ES Cell’s eNB determines that the current traffic load does not require the cell 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 be switched off. 

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

4. The ES Cell’s eNB hands over the cell’s UEs to the coverage carrier or to another neighbor cell.
5. Once all the UEs of an ES Cell have been handed over, the ES Cell eNB sends a message, “Cell State Change Update”, with an indication that the radio coverage area of the Compensation Cell’s carrier may be expanded to include the area that was covered by the ES Cell.
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Figure 3 Signaling sequence illustrating procedure for handing over ES Cell UEs
It might be argued that eNB Configuration Update could be used to notify the Compensation Cell eNB when the ES Cell has been switched off. However, eNB Configuration Update is a general purpose message for eNBs to update other eNBs about changes to their configuration; whereas, this message has the specific purpose of notifying a Compensation Cell about the state of an ES Cell of interest.

It might also be argued that an indicator could be incorporated into the handover procedure between the Compensation Cell eNB and an ES Cell eNB. However, it’s not certain that all of the ES Cell’s UEs will be handed over to the Compensation Cell’s eNB. Some may be handed over to another neighbor cell, so the last UE may not be handed over to the cell controlled by the Compensation Cell’s eNB.
Proposal 2: Capture the following requirement for this Study Item: 

The Compensation Cell’s eNB shall be notified by an ES Cell eNB after all of an ES Cells UEs have been handed over in order to determine the time when the Compensation Cell’s coverage may be expanded to include the area previously covered by the ES Cell. 
2.3
Single common carrier with eICIC capable cells

For another case, the Compensation Cell and the ES Cells may operate on a common carrier, there is no coverage carrier, and the network supports Inter-Cell Interference Coordination (ICIC) and Enhanced Inter-Cell Interference Coordination (eICIC). 

The Compensation Cell may expand its radio coverage area to include the areas covered by the ES Cells before the ES Cells are switched off and ICIC and eICIC may be used to avoid interference. The ES Cells then hand over their UEs to the Compensation Cell or to another neighbor cell. The Compensation Cell’s eNB is notified by the ES Cell’s eNB when all of an ES Cell’s UEs have been handed over so it can be determined when the ICIC/eICIC frequency and time partitions may be removed from the Compensation Cell.

Proposal 3: Capture the following requirement for this Study Item: 

The Compensation Cell’s eNB shall be notified by the ES Cell’s eNB when all of an ES Cell’s UEs have been handed over so it can be determined when any ICIC/eICIC frequency and time partitions may be removed from the Compensation Cell.
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Conclusion
Proposal 1: Capture the following requirement for this Study Item: 

For the non-overlapping coverage energy saving scenario, solutions for controlling radio coverage area transitions shall mitigate interference, radio link failures, and handover failures and it shall not be assumed that an ES Cell is surrounded by Compensation Cells.
Proposal 2: Capture the following requirement for this Study Item: 

The Compensation Cell’s eNB shall be notified by an ES Cell eNB after all of an ES Cells UEs have been handed over in order to determine the time when the Compensation Cell’s coverage may be expanded to include the area previously covered by the ES Cell. 
Proposal 3: Capture the following requirement for this Study Item: 

The Compensation Cell’s eNB shall be notified by the ES Cell’s eNB when all of an ES Cell’s UEs have been handed over so it can be determined when any ICIC/eICIC frequency and time partitions may be removed from the Compensation Cell.
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