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1 Introduction

Some solutions for inter-eNB and inter-RAT energy saving are captured in TR 36.927 and evaluation and comparison of these solutions are required in this meeting. This contribution discusses the necessity and feasibility of the ES parameters exchange solution. The text proposal about the evaluation and comparison of the ES parameters exchange solution is provided in the last section.
2 Discussion
The ES parameters exchange is aimed to improve the energy saving efficiency and solve the problems which may occur when there is no coordination between the eNBs. 
· Problem 1: Frequent cell switch-off/on. If the load transferred from the coverage cell to hotspot cell is lower than the switch-off threshold of hotspot cell, the hotspot cell will switch-off autonomously and the coverage cell may activate the hotspot cell again.

· Problem 2: Unnecessary cell switch-on. If the available capacity of the coverage cell is higher than the switch-off threshold of the hotspot cell, the hotspot cell will keep switching on while the coverage cell could accommodate the load in the hotspot cell.
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Figure 1 inter-RAT/inter-eNB energy saving scenario

The ES parameters exchange solution is applicable to both the inter-eNB and inter-RAT energy saving cases. With this solution, the cell activation/deactivation principles are the same as the R9 ES method, i.e., the hotspot is switched off by itself and is switched on by the coverage cell, but providing more valuable energy saving information to assist the improvement of the efficiency of the energy saving implementation.

In this contribution, we mainly discuss three parameters: traffic threshold, time duration, and power consumption.
· Traffic threshold: There are two thresholds: switch-on threshold for the coverage cell activating the hotspot and switch-off threshold for the hotspot deactivating itself.
· Time duration: There are two time duration parameters corresponding the switch-on threshold and switch-off threshold respectively. If the traffic in the coverage cell had been above the switch-on threshold longer than the switch-on time duration, the coverage cell is allowed to request the hotspot to switch on. If the traffic in the hotspot cell had been below the switch-off threshold longer than the switch-off time duration, the hotspot is allowed to switch off.
· Power consumption: The power consumption of the hotspot cells. It may vary with the manufacturer, model, version, site location, load situation, and etc. Two E-UTRAN cells with similar load situation, coverage and capacity may consume different power level because of different site location and/or their manufacturers.
2.1 Feasibility
In this section, we show how the ES parameters exchange solves above two problems and improves the energy saving efficiency.
- How to solve the problem 1 (frequent cell switch-off/on)?
Example 1:

With the ES parameters exchange, coverage cell (cell A) knows the switch-off threshold of hotspot cell (cell C) and transfer enough load to the hotspot cell to avoid the hotspot cell switch off again. 
Step 1: Cell C informs cell A the switch-off threshold CELL_CTh-off and time duration for switch-off decision CELL_CT-off of the cell C.

Step 2: Cell A activates cell C.
Step 3: Cell A transfers load above than CELL_CTh-off within the time duration CELL_CT-off to avoid the cell C switches off again.
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Figure 2 Solution for problem 1 (example 1)
Example 2:

If the coverage cell wouldn’t like to transfer much load to the hotspot cell, it may adjust (lower down) the switch-off threshold of the cell C by another signaling. When the coverage cell switches on the hotspot cell, it could transfer lower load to the hotspot.
Step 1: Cell C informs cell A the switch-off threshold CELL_CTh-off and time duration for switch-off decision CELL_CT-off of the cell C.

Step 2: Cell A lowers down the switch-off threshold of cell C CELL_CTh-off to CELL_CTh-off’.

Step 3: Cell A activates cell C.

Step 4: Cell A transfers load above than CELL_CTh-off’ within the time duration CELL_CT-off.
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Figure 3 Solution for problem 1 (example 2)
- How to solve the problem 2 (unnecessary cell switch-on)?
An example of problem 2 is shown as Figure 4. The available capacity of the coverage cell is 80% and the switch-on threshold of the hotspot maintained in the coverage cell is 80%. The traffic load and the switch-off threshold of the hotspot is 40% and 30% respectively. Because the traffic load in the hotspot is higher than the switch-off threshold, the hotspot can’t switch off while the coverage cell has enough resources to accommodate the load in the hotspot.
However, if only the load information is considered, the hotspot may transfer much load to the coverage cell and the coverage cell will have to switch on the hotspot again. As shown in figure 4, if the traffic load in the hotspot is equal to or larger than 60%, the hotspot is better to keep switching on because the coverage cell is likely to switch it on again even if the hotspot switched off and transferred all load to the coverage cell successfully.
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Figure 4 Example of problem 2
Example 1:

With the ES parameters exchange, the hotspot cell knows the switch-on threshold for the hotspot maintained in the coverage cell. If the traffic load of hotspot cell plus the traffic load of coverage cell is lower than the switch-on threshold of the hotspot cell, the hotspot may adjust its switch-off threshold to a higher value. So the hotspot cell could switch off and transfer the load to the coverage cell timely. The hotspot gets the load information of the coverage cell via the load information exchange procedure.
Step 1: Cell A informs cell C the switch-on threshold CELL_CTh-on of cell C and time duration for switch-on decision CELL_CT-on.

Step 2: Cell C evaluates the load of the cell A and cell C. If the load of cell A plus the load of cell C is lower than CELL_CTh-on, it will adjust the switch-off threshold to a higher value.

Step 3: Cell C switches off and transfer the load to the cell A.
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Figure 5 Solution for problem 2 (example 1)
Example 2:

To switch off the hotspot cell timely, another solution is that the coverage cell adjusts the switch-off threshold of the hotspot cell. 
With the ES parameters exchange, the coverage cell knows the switch-off threshold of the hotspot. If the coverage cell could accommodate enough load, it may adjust (higher up) the switch-off threshold of the cell C to make the cell C switch off timely.
Step 1: Cell C informs cell A the switch-off threshold CELL_CTh-off and time duration for switch-off decision CELL_CT-off of the cell C.

Step 2: Cell A adjusts the switch-off threshold of cell C to a higher value CELL_CTh-off ‘.

Step 3: Cell C switches off and transfer the load to the cell A.
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Figure 6 Solution for problem 2 (example 2)
- How to improve the energy saving efficiency?
If the coverage cell and the hotspot get enough information, they can make the switch on/off decision in a more efficient way. We take the parameter power consumption as an example.
In figure 1, the hotspot cell C, cell D and cell E all can share the load from the coverage cell A. If the cell A needs to activate one hotspot to share its load and it gets the power consumption of the hotspots via ES parameters exchange, it can activate the cell with lowest power consumption easily.
Conclusion 1: The ES parameters exchange solution is feasible to improve the energy saving efficiency.
2.2 Comparison
In this section, we compare the ES parameters exchange solution to the R9 ES method and load information exchange solution.
· ES parameters exchange solution & R9 ES method

The R9 ES method is simple but inefficiency in some scenarios. The two problems listed in section 2.1 are incurred by the R9 ES method.
As discussed above, the ES parameters exchange solution can solve the two problems and improve the energy saving efficiency. At the same time, with the ES parameters exchange between the eNBs, the Rel-9 frame work for energy saving is not changed but optimized.
· ES parameters exchange solution & load information exchange solution
With the load information exchange, the coverage cell and the hotspot may adjust the switch on/off threshold and switch on/off the hotspot correctly as discussed in some contributions during last meetings.
However, the load information exchange can’t solve some problems. One example is above problem 1. In problem 1, the useful information is the switch-off threshold of the hotspot to make the coverage cell knows how many load it should transfer to the hotspot.
Conclusion 2: The ES parameters exchange solution can solve the problems incurred by the R9 ES method. The load information exchange is useful in many scenarios but can’t solve the problem 1.
2.3 Combining with other solutions：

The ES parameters exchange solution makes the ES parameters transparent and friendly in different cells. It is an assistant method for switch on/off decision and can be combined with other solutions.
As discussed above, the ES parameters exchange solution combining with the R9 ES method improves the energy saving efficiency. 

The ES parameters exchange solution can be combined with other solutions, such as the solution that the coverage cell asks the hotspot to enter the energy saving mode.
As shown in figure 1, the hotspot cell C, cell D and cell E all can share the load from the coverage cell A. If the load in the cell A is symmetric and the load in the cell C, cell D and cell E are similar. When cell A needs to choice one cell to switch off, it can switch off the hotspot whose power consumption is highest. The power consumption information is gotten by ES parameters exchange solution.
Conclusion 3: The ES parameters exchange solution is an assistant method to optimized the switch on/off decision and can be combined with other solutions.

3 Conclusion
In this contribution, we analysis the feasibility of the ES parameters exchange solution and compare it with R9 ES method and load information exchange solution. Based on the discussion, it can be concluded that the ES parameters exchange solution is feasible and improve the energy saving efficiency. On the other hand, the ES parameters exchange solution is an assistant method to optimized switch on/off decision and can be combined with other solutions.
4 Reference
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5 Text Proposal
It is proposed to capture bellowing text proposal into TR

Start text proposal
6.1.2.4
Information exchange for coordination

Issue description
To perform energy saving efficiently, the energy saving metrics of cells may be adjusted and coordinated according to some inputs from neighbour cells. Two problems may occur if there is not coordination: 
· Frequent cell switch-off/on: If the load transferred from the coverage cell to hotspot cell is lower than the switch-off threshold of hotspot cell, the hotspot cell will switch-off autonomously and the coverage cell may activate the hotspot cell again.

· Unnecessary cell switch-on: If the available capacity of the coverage cell is higher than the switch-off threshold of the hotspot cell, the hotspot cell may keep switching on while the coverage cell could accommodate the load in the hotspot cell.
Solution 1:

In this case, the coverage cells and the hotspot cells exchange the energy saving parameters, such as traffic threshold, time duration, power consumption and so on. With these parameters, the cells may adjust their energy saving settings and make the proper decision on cell switch on/off to get the best energy saving efficiency. 
Evaluations and comparisons

The solution 1 makes the energy saving parameters in different cells transparent and friendly. It is feasible to solve above two problems and improve the energy saving efficiency compared with the R9 energy saving method. As an assistant method, it can be combined with other solutions and improve the energy saving efficiency further.
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