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1 Introduction

In last RAN3#73bis meeting, some switch-on enhancements were discussed. In this contribution, we mainly analyze the necessity of ES parameters coordination, and provide possible approaches. 

2 Discussion
2.1 ES parameters and algorithm 
At present, ES algorithm is distributed in different cells. Based on the load information compared with a traffic threshold, the hotspot cell determines whether to switch off itself, and the coverage cell decides whether to switch on the hotspot cells.

The energy saving operation is related to two energy saving parameters: 

· Traffic threshold: There are two thresholds, switch-on threshold is for the coverage cell activating the hotspot and switch-off threshold is 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 and enter into ES state.
Based on the network performance, resource status and traffic QoS, ES parameters of different cells are independent with each other, may or may not be the same. Considering such factors as dynamic environment and traffic QoS etc, the ES parameters of one cell may be changed dynamically, e.g. for high traffic period and low traffic period, the ES parameters could be different to perform energy saving more efficiently. Configuring these ES parameters in relevant cells through OAM may require a substantial effort by the operator.
2.2 Necessity of ES parameters coordination
If the ES parameters such as thresholds and time duration are independent with each other and may be changed dynamically, frequent cell switch-off/on issue may arise and cause low ES efficiency, e.g., if the coverage cell decides to switch on a hotspot cell, however 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.
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.
2.3 Possible solutions for ES parameters coordination
Solution1: hotspot cell inform coverage cell of the switch-off threshold and time duration parameters.

With the ES parameters exchange, coverage cell (cell A) knows the switch-off threshold of hotspot cell (cell C) and would try to transfer enough load to the hotspot cell when load is relative high, to prevent the hotspot cell from steering load back to it and avoid ‘pendulum effect’ of ES. 

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 1: Solution1 
Solution 2: coverage cell inform hotspot cell of the switch-on threshold and time duration parameters.

 If the coverage cell couldn’t transfer much load to the hotspot cell and the switch-off threshold in hotspot cell is set too high, the hotspot cell may trigger off-load to the coverage cell and entering ES state unnecessary. Consequently, upon reception of the load from hotspot cell, the load level in coverage cell reaches above the switch-on threshold, as a result the coverage cell will decide to switch on hotspot cell again and steer load to it. The ping-pong of ES activation and deactivation is not desired and should be avoided. 
With the ES parameters exchange, hotspot cell (cell C) knows the switch-on threshold of coverage cell (cell A), it could adjust (lower down) the switch-off threshold coordinating with the switch-on threshold, to avoid the ‘pendulum effect’.     
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 A activates cell C and transfers load to cell C.

Step 3: Cell C evaluates the load of the cell A and cell C, and realizes that  if the load of the cell C is transferred to cell A for energy saving purpose, the load of cell A would be increased higher than switch-on threshold, then an ES deactivation action might be triggered, resulting in ping-pong of ES action. 

Step 4:  the cell C may decide to adjust (lower down) the switch-off threshold and keep on switch on state to avoid ping-pong of ES activation and deactivation.
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Figure2: Solution2
3 Conclusion
According to the analysis in section two, it is proposed:
Proposal: It is proposed to introduce ES parameters coordination-based energy saving solution into inter-RAT and inter-eNB ES mechanism to avoid ping-pong of ES activation and deactivation.
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