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1 Introduction

The RAN3#69bis meeting discussed some ES features such as extra coordination with neighbors and compensation mechanism [1][2][3][4]. In this contribution, we provide ES parameters coordination-based energy saving solution, and analyze the procedure and benefits of this solution.
2 Discussion
2.1 ES 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 close itself, and the coverage cell decides whether to switch on the hotspot cells. In the recent RAN3 meeting discussion, the opinions of ES algorithm are shown as follows: 
(1) Separate load-based (Base line): This ES algorithm is based on comparison between per cell traffic load and the threshold. Additionally, the time duration during which the change of the ES state is prohibited needs to be considered [2]. 
(2) Average load-based: This ES algorithm is based on comparison between the average load of coverage cell and hotspots and the threshold [3]. Thus, it needs to consider the frequency of the load exchange.
(3) Negotiation-based algorithm: This ES algorithm is based on co-operation of nodes in order to compensate for the temporarily missing coverage, capacity and QoS. In detail, a cell, before it switches off, requests support from appropriate neighbour(s) [4].
ES algorithm relies on the implementation to a great extent. Considering the impact on the protocol, different ES algorithm may introduce different parameters transmitted on the interface. This contribution discusses ES parameters coordination-based energy saving solution based on the separate load-based algorithm.
2.2 Impact of ES parameters upon the energy saving performance
Energy Saving aims at the environment protection, power consumption control and OPEX savings. ES solutions need to take the following factors into account:
· Coverage, e.g. which hotspot cell is appropriate to switch off and whether to create coverage holes.
· Capacity, e.g. whether target cell can accept all the UEs transferring from the cell switch-off.
· QoS, e.g. whether ES operations may satisfy the traffic QoS and further ensure user experience. 
· ES efficiency, e.g. whether ES operations can optimize the entire network.
· Load information, e.g. what quantity and frequency of load information is required for better ES efficiency. 
· Network stability, e.g. whether frequent ES operations have impact on network performance.
The possible input parameters of ES solution may include: traffic threshold, time duration, heterogeneous deployment, coverage situation, daily/weekly/long term statistics of traffic load, hardware situation, Local policies, OAM commands, possible interactions with RRM, SON etc. The essential parameters to decide cells to switch on/off are traffic threshold and time duration to prohibit the ES state change. 
Generally speaking, threshold parameter of each cell is pre-configured by OAM. However, with actual environment changes and traffic QoS requirements etc, the ES parameters may be adjusted by the eNB. For example, in case the hotspot cell serves LTE only capable UEs and this cell is non-overlaid by other LTE cells, it shall not be allowed to enter ES state. Another example, during off-peak time the load is low, and during peak time the load is high, so it is possible to set the threshold differently to improve the ES efficiency. Of course, ES parameter can be adjusted by OAM. Because the OAMs for different equipments, systems and operators are independent, it is difficult for OAM to configure the parameters in an appropriate way. 
If the thresholds of coverage cell and hotspot cell are independent with each other, some problems would arise to cause low ES efficiency: 
· Frequent cell switch-off/on. For example, 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. For example, if the available capacity of the coverage cell is much higher than the switch-off threshold of the hotspot cell, the hotspot cell will keep switching on while the coverage cell can accommodate the load in the hotspot cell.
Thus, the proper coordination and adjustment of ES parameters is essential for cell performance and ES efficiency. 
2.3 ES parameters coordination solution, procedure and benefit
The proposed ES parameters coordination Solution: 
With exchanging the resource status and other information, the coverage cell and the hotspot cell transfer the ES parameters, such as traffic threshold and time duration and update the ES parameters when needed. There are 2 sub-solutions.
Sub-solution (a): The coverage cell and the hotspot cell exchange the ES parameters unidirectional or bidirectional. The cell received the ES parameters from neighbor cell adjust its own ES parameters when needed.
Sub-solution (b): The hotspot cell transfers its ES parameters to the coverage cell. The coverage cell can update the switch-off parameters and notify the hotspot cell.
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Note: ES parameters coordination may exchange other parameters according to ES algorithm and requirements.
Relation between ES parameter coordination and other algorithms in section 2.1:  

· Average load-based: This ES algorithm is also distributed, ES parameters of all the cells are related tightly. The ES parameter coordination is applicable to the algorithm too.
· Negotiation-based algorithm: This ES algorithm is independent to the ES parameter coordination solution. 
ES parameter coordination Procedure:
In the case inter-eNB scenario, this solution needs to define new messages over X2 interface. Alternatively, ES parameters information can be piggybacked on the existing messages, e.g. HANDOVER REQUEST. However, this is restricted since existing messages to piggyback on are not always available.

In the case inter-RAT scenario, RIM procedure can be used to transfer ES parameters information in RIM containers, which is transparent to core network nodes. A new defined RIM application is used for the source node to inform the target node about proposed ES parameters.

ES parameter coordination procedure can be triggered by event such as the changes of ES parameters, or periodical triggered. The frequency of coordination may be one or two times a day.

Examples:

Scenario 1: Symmetry load distribution

For scenario 1, the coverage cell controls 50 hotspot cells, and every hotspot only has several UEs and is in Non-ES state since the load distribution is average, thus ES efficiency is low. With ES parameter coordination, the coverage cell obtains the load information of hotspots and further the load distribution in this area, and then adjusts ES parameters of part of hotspot cells, e.g. heighten up traffic threshold and/or lower down time duration. As a result, these hotspot cells switched off autonomously and UEs is handed over to other hotspots in Non-ES state.
Scenario 2: Asymmetry load distribution

For scenario 2, almost all the traffic load is distributed in 2 hotspots instead of 50 hotspots. However, all the cells are in Non-ES state for ES parameters is preconfigured by OAM improperly. With the ES parameter coordination, the switch-off thresholds of hotspot cells in low-load area can be heightened up and that in high-load area can be lowered down. As a result, the hotspots in the low-load area are switched off, and these two hotspots in the high-load area maintain in Non-ES state to share the traffic load with the coverage cell in this area.
ES parameter coordination Benefits:

· Good ES efficiency
· Low frequency of information exchange on the interface
· Dynamical adjustment of ES parameters

· Good satisfaction of traffic QoS and user experience
Proposal: It is proposed to introduce ES parameter coordination-based energy saving solution into inter-RAT and inter-eNB ES mechanism.
3 Conclusion
According to the presentation in section two, it is proposed:
Proposal: It is proposed to introduce ES parameter coordination-based energy saving solution into inter-RAT and inter-eNB ES mechanism.
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