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1 Introduction
For the LTE coverage layer energy saving scenario, the ES eNB and the compensation eNB determine when a change in the cell configuration should occur, which consists of switching off an ES cell and expanding the coverage area of a compensation cell to include the coverage area of the ES cell. The determination should consider a low load in the compensation cell as a low load in the ES cell.
There are also cases where not all ES cell UEs are able to be handed over without the ES cell first making resources available for the compensation cell. Therefore, the handover of an ES cell’s UEs may need to be done in multiple steps.
2 Description
2.1 Low load threshold load reporting 
For the LTE coverage layer energy saving scenario, the ES eNB and the compensation eNB determine when a change in the cell configuration should occur, which consists of switching off an ES cell(s) and expanding the coverage area of a compensation cell to include the coverage area of the ES cell (s). This should take into consideration a low load in the compensation cell as well as a low load in the ES cell since the compensation cell should have enough available capacity to serve the remaining ES cell UEs that are not handed over to another other cell. 
The compensation eNB could reject the initiation of switching off an ES cell if the compensation cell cannot accept the remaining traffic load of the ES cell, but this would not be an efficient or flexible method. There are cases where the load of the compensation cell is low such that its available capacity is able to handle ES cell load even if the load of the ES cell is not particularly low. This case is relevant when the compensation cell is always a specific cell. Otherwise this cell could take the role of an ES cell and switch off and another cell could take the role as its compensation cell. 
This illustrates that it is not sufficient for ES cells to receive a low load threshold value from OAM that is always used as a trigger for initiating entering ES state but rather the determination of entering ES mode involves coordination between the compensating eNB and the ES eNB and is based on the load of both the compensation cell and the ES cell.

In the case of low compensation cell load, the compensation eNB may request that the ES eNB reports the ES cell’s current load and if the compensation cell has the available capacity to support this load, the compensation eNB initiates an ES cell configuration change. However, if the ES cell load is not low enough for the compensation cell’s current available capacity, the compensation eNb would want to know when the ES cell’s load does reach this level. However, in LTE, cell load reporting can only be performed on a periodic basis. Event-based cell load report triggering is not supported. 

Proposal 1: Enhance cell load reporting to support report triggers based on a load threshold level.  

The following illustrates a relevant procedure:
1. The compensation eNB determines that the load of the compensation cell has become low to the point of considering expanding the compensation cells coverage to include the coverage area of the ES cell such that the compensation cell serves the ES cell’s UEs so that the ES cell can be switched off for energy savings.

2. The compensation eNB requests the ES cell’s load from the ES eNB.

3. If the compensation cell has the capacity to serve the ES cell’s load, the compensation eNB initiates switching off the ES cell and expanding the compensation cell’s coverage.

4. If the compensation cell does not have the capacity to serve the ES cell’s load, the compensation eNB requests that the ES eNB send the ES cell’s load report when its load reaches a specified threshold level.

5. When the ES cell’s load crosses the threshold specified by the compensation eNB, the ES eNB sends the ES cell’s load report to the compensation eNB.

6. The compensation eNB checks whether the compensation cell has the capacity to serve to serve the ES cell’s load and if it does, it initiates switching off the ES cell and expanding the compensation cell’s coverage.

Proposal 2: Include the text from this section in the technical report and consider the illustrated cases and solutions, particularly the initiation of ES cell configuration change based on low compensation cell load and the use of load level threshold triggers for cell load reports.
2.2 Coordinating resources to facilitate ES cell’s UE handovers 
There are cases where not all the ES cell’s UEs are able to be handed over during the first attempt without the ES cell first making resources available for the compensation cell. In addition, more resources to facilitate these handovers may become available as more ES cell UEs are handed over to other cells. Therefore, the use of these resources needs to be coordinated between the ES eNB and the compensation eNB. Therefore, the handover of an ES cell’s UEs may need to be done in multiple steps.
2.2.1 Multicarrier operation

In one case, the coverage areas of the ES cell and the compensation cell are served with multiple carriers. In this case, interference between the compensation cell and the ES cell may be avoided by operating on different carrier frequencies. 

The following illustrates a relevant procedure:

7. The compensation eNB and ES eNB exchange carrier usage information during X2 setup and eNB Configuration Update.
8. The ES eNB reduces the number of carriers operating in the ES cell coverage area as the ES cell load reduces in order to save energy. The ES eNB notifies neighbor eNBs when an ES cell is no longer using a carrier.
9. The ES eNB notifies the compensation eNB that the ES cell load is low enough to consider switching off the ES cell.

10. The compensation eNB selects a compensation cell carrier that is not being used by the ES cell for compensation cell expansion and notifies the ES eNB.

11. The compensation cell expands its cell coverage to include the ES cell coverage area and notifies the ES eNB when its expansion is complete.
12. The ES eNB hands over ES cell UEs to other cells, including the compensation cell.

13. The ES eNB may reduce the number of carriers operating over the ES cell coverage area as the ES cell load continues to decrease and notifies neighboring eNB about the change in carrier usage.
14. If the ES eNB is able to handover all of the ES cell’s UEs, it notifies the compensation eNB that the handovers have been completed 

15. If the ES eNB is not able to handover all of the ES cell’s UEs, the ES eNB notifies the compensation eNB and the compensation eNB determines if another carrier is available that can serve as a compensation carrier. If so, its coverage may be expanded to serve ES cell UEs.

2.2.2 MBSFN/ABS
In another case, the ES cell may increase the number of subframes configured as MBSFN within the radio frames as the ES cell’s load decreases in order to save energy. When the compensation cell is expanding its coverage, MBSFN/ABS subframes can be configured to provide the compensation cell with more opportunity to serve ES cell UEs.

The following illustrates a relevant procedure:

16. The compensation eNB and ES eNB exchange MBSFN usage information during X2 setup and eNB Configuration Update.
17. The ES eNB may configure additional MBSFNs as the ES cell load decreases and notify neighbor eNB about the changes using the eNB Configuration Update message.
18. The ES eNB notifies the compensation eNB that the ES cell load is low enough to consider switching off the ES cell and sends Load Information with ABS information to be used for interference avoidance during compensation cell expansion.

19. The compensation eNB expands the compensation cell coverage area and notifies the ES eNB when the expansion is complete.

20. The ES eNB hands over ES cell UEs to other cells.

21. ES eNB configures additional MBSFN/ABS subframes as the ES cell load decreases and notifies neighbor eNBs.
22. If the ES eNB is able to handover all of the ES cell’s UEs, it notifies the compensation eNB that the handovers have been completed and the compensation eNB discontinues MBSFN/ABS usage in compensation cell.
23. If the ES eNB is not able to handover all of the ES cell’s UEs it should notify the compensation eNB and may coordinate the use of additional MBSFN/ABS subframes with the compensation eNB..
24. The ES eNB notifies the compensation eNB when all handovers are complete and the compensation eNB discontinues MBSFN/ABS usage in compensation cell.
2.2.3 Protected resource blocks

In another case, the ES cell increases the number of protected resource blocks that may be used by the compensation cell as the ES cell’s load decreases in order to reduce energy consumption and facilitate UE handovers. When the compensation cell is expanding its coverage, protected resource blocks can be used to provide interference mitigation. 
The following illustrates a relevant procedure:

25. The ES eNB notifies the compensation eNB that the ES cell load is low enough to consider switching off the ES cell and sends Load Information with RNTP information to be used with compensation cell expansion.

26. The ES cell serves UEs at cell edge with high interference subcarriers.

27. Compensation eNB expands its coverage to the ES cell edge area, UEs in that area hand over to compensation cell. using low interference resource blocks 

28. The ES eNB notifies the compensation eNB when all UEs in cell edge area have been handed over. 

29. The ES cell reduces its power to exclude the area that was previously its cell edge that is now covered by the compensation cell.

30. The ES eNB sends the compensation eNB a new configuration for high interference subcarriers for its new cell edge.

31. The compensation eNB expands the compensation cell coverage in the same way and the ES eNB notifies the compensation eNB when all UEs in new cell edge area have been handed over. 

32. The ES cell notifies the compensation eNB when all handovers are complete. The compensation eNB discontinues using the subcarrier restrictions in the compensation cell.
Proposal 3: Include the text from this section in the technical report and consider the illustrated cases and solutions, particularly the coordination of resources that facilitate ES cell UE handovers and the use of multiple stages in order to complete the handover of all the ES cell’s UEs.
3 Conclusion
Proposal 1: Enhance cell load reporting to support report triggers based on a load threshold level.  

Proposal 2: Include the text from this section in the technical report and consider the illustrated cases and solutions, particularly the initiation of ES cell configuration change based on low compensation cell load and the use of load level threshold triggers for cell load reports.

Proposal 3: Include the text from this section in the technical report and consider the illustrated cases and solutions, particularly the coordination of resources that facilitate ES cell UE handovers and the use of multiple stages in order to complete the handover of all the ES cell’s UEs.

PAGE  
4/4

