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1. Introduction
RAN WG3 has been discussing the methods of energy saving for intra-LTE and inter-RAT cases. In this contribution, the Rel-9 energy saving mechanism of intra-LTE is reviewed and its limitations are discussed. After then, the cell deactivation request procedure is proposed to resolve the identified limitations. Finally, the text proposal for the TR is presented. 
2. Discussion
2.1 Rel-9 LTE Energy Saving 
The basic assumption of Rel-9 LTE Energy Saving is that the network is based on hierarchical cell structure. 

The capacity boosting cells can enter the energy saving mode based on its internal decision criteria. Those decision criteria may include its cell load information and/or the coverage providing cell’s load information, and/or its local policy information such as time of the day. After entering the energy saving mode, the eNB sends X2 eNB Configuration Update message including “Deactivation Indication” IE to its neighbor eNBs.
The coverage providing cell can request its neighbor eNB whose cell is in the energy saving mode to turn the cell on by sending the “Cell Activation Request” message. When to send the “Cell Activation Request” message is left as an implementation issue. After receiving the message, the receiver eNB may turn its cell on as requested. 
2.2 Limitations of Distributed Energy Saving Method
As shown above, the operation of Rel-9 energy saving takes a hybrid approach; the decision on when to turn-off is purely distributed at the capacity boosting eNB, while the decision on when to turn-on at the capacity boosting eNB can be assisted by the coverage providing eNB. At this time, we would like to focus on fully distributed turn-a-cell-off operation, which would cause the un-desirable situations as followings.
·  Case1) Due to the intrinsic property of distributed method, there would be lack of coordination among the capacity boosting cells under the same coverage providing cell. When the load of coverage providing cell is low and the load of each capacity boosting cell is low also, the several capacity boosting cells could enter the energy saving mode within short time duration. However if the amount of load transferred from the capacity boosting cells to the coverage providing cell is large enough, the coverage providing cell will trigger “Cell Activation Request” operation to the cells in energy saving to reduce its load. Then, the capacity boosting cells is turned on again and the load is transferred from the coverage providing cell to the capacity boosting cells. However, at this time, the network status can be same as the previous status, i.e., the load of coverage providing cell is low and the load of each capacity boosting cell is low also. Then, the capacity boosting cells enter the energy saving mode again, and the load of coverage providing cell becomes high enough to trigger “Cell Activation Request.” Then this vicious circle would continue.
· Case2) According to the Rel-9 standard, the condition to enter the energy saving mode is vender specific. Because the implementation is different from vender to vender, the network could reside in the inefficient operating point from global energy saving point of view. Here is an example, suppose that eNB11 is from vender 1, which enters the energy saving mode when its load is less than 10%, while eNB21 and eNB22 are from vender 2, which enter the energy saving mode when its load is less than 20%. If the load of eNB11 is surged to 23% and those of eNB21 and eNB22 is 12 % and 10%, respectively, eNB11 will enter the energy saving mode. Then the load of coverage providing cell would increase roughly 23 %, while the other two eNBs will remain active. So, the result of those operations can be summarized as 1) one eNB enters the energy saving mode and 2) the macro load increases by roughly 23%. However if we take a look on the whole picture from one step beind, the better choice would let eNB21 and eNB22 enter the energy saving mode. Then the result would be 1) two eNBs enter the energy saving mode and 2) the macro load increase by roughly 22%.
2.3 Proposed Method
In order to overcome the above revealed limitations, we would like to propose a new procedure, i.e., “Cell Deactivation Request” procedure, for the coverage providing cell to ask the capacity boosting cells to be turned off. By introducing this new procedure, the coverage providing cell can manage the network status with more stability and efficiency.
· The network status can be operational with more stability. When several capacity boosting cells are turn on at a same time - this may be due to “Cell Activation Request” procedure - the coverage providing cell can identify that which capacity boosting cell is helpful for sharing the load, i.e., which cell can be a target for active UE handover, based on the UE measurement. Then, the coverage providing cell selects some capacity boosting cells which may not helpful for load sharing and may only cause the interference, and sends the “Cell Deactivation Request” to them. As a result, the un-desirable situation of continuing vicious circle as mentioned in Case1) above, could be avoided by turning the capacity boosting cells off which would only take low load from the coverage providing cell. In addition, the unnecessary interference can be avoided by turning the unhelpful cell off early. 
· The network status can be operational with more efficiency. When the coverage providing cell notices that its load becomes low, it can choose some capacity boosting cells which have lower load than the other cells, and ask them to enter the energy saving mode. The necessary information for selecting target cell would be provided by X2 RESOURCE STATUS UPDATE procedure. As a result of this operating, the number of cells in the energy saving mode can be maximized with respect to the amount of load transferred from capacity booting cells to the coverage providing cell. For instance, it can be possible to put eNB21 and eNB22 into energy saving mode in Case2) above.
3. Text Proposal
The following text is proposed to be captured in the Energy Saving TR
6.3
Further enhancement
Issue X
According to the Rel-9 standard, the condition to enter the energy saving is vender specific. Because the implementation is different from vender to vender, the network could reside in the inefficient operating point from global energy saving point of view. 

Solution Y:

In order to improvement of the above issue, the new “Cell Deactivation Request” procedure is proposed. With this new procedure, the coverage providing cell can ask the capacity boosting cells to be turned off. 

When several capacity boosting cells are turn on at a same time - this may be due to “Cell Activation Request” procedure - the coverage providing cell can identify that which capacity boosting cell is helpful for sharing the load, i.e., which cell can be a target for active UE handover, based on the UE measurement. Then, the coverage providing cell selects some capacity boosting cells which may not helpful for load sharing and may only cause the interference, and sends the “Cell Deactivation Request” to them. 
When the coverage providing cell notices that its load becomes low, it can choose some capacity boosting cells which have lower load than the other cells, and ask them to enter the energy saving mode. The necessary information for selecting target cell would be provided by X2 RESOURCE STATUS UPDATE procedure. As a result of this operating, the number of cells in the energy saving mode can be maximized with respect to the amount of load transferred from capacity booting cells to the coverage providing cell.
4. Conclusion and Proposal
In this contribution, the Rel-9 energy saving mechanism of intra-LTE is reviewed and its limitations have been discussed. Then, the cell deactivation request procedure is proposed to resolve the identified limitations. 

We would like to ask RAN WG3 to discuss this issue and agree to capture the Section 3 in the Energy Saving TR.
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