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1 Introduction 
In RAN3#78meeting, the LTE energy saving issues are discussed [1]:

· Inter-eNB energy saving solution for non-overlapping scenarios.
· Inter-eNB energy saving enhancement for overlapping scenarios, e.g. switching on enhancement, considering UE QoS requirement for subscriber type, etc.

· Intra-LTE energy saving solutions for the defined small cell scenarios and use cases.
The small cell scenarios and requirements are defined in [2]. Moreover, the simulation assumptions are discussed in RAN1 group, and the simulation parameters are summarized in [3]. In this proposal, the energy saving solutions for small cells from the operator’s requirements are discussed.
2 Discussion

2.1 Summary of typical deployment scenarios for Small Cells
The typical deployment requirements for small cells of LTE system are summarized in [2] and [3].
· Deployment scenarios: Within/without macro coverage, outdoor or indoor, sparse and dense.
· Requirement: Deployment scenario, co-existence and interworking, capacity and performance.

· User cases: Operator deployed scenario and user deployed scenario.

The co-channel deployed LTE small cells are agreed in common. Both the small cells and macro cells are working in the same frequency. It is discussed that small cell could work in high frequency, such as 5 GHz, and more bandwidth is available in that frequency.
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Figure 1. Spare deployed small cells                                Figure 2. Dense deployed small cells
The typical deployment scenarios for small cell are classified as sparse scenario and dense scenario are shown in Fig. 1 and Fig. 2. Macro cell A and small cells are all E-UTRAN cells. The sparse deployment scenario is shown in Fig.1, in which the small cells are located far away with each other and non-overlapping area with each other. While in the dense deployment scenario shown in Fig. 2, the coverage areas of small cells are overlapped since the distance of two adjacent cells are quite close.
In the sparse scenario, the small cell could switch on or off depending on its traffic load. The small cell can only offload its traffic to the co-channel deployed macrocell, since the nearest small cell cannot cover its area. However, the small cells could extend its coverage in the dense deployment scenario.

Proposal 1: The energy saving solutions in self-operation manner is suggested to study for small cell scenario in the SI.
2.2 Discussion on energy saving solutions for Small Cells
Energy saving solutions for sparse deployed small cells
In the sparse deployment, small cells are far away with each other. If one small cell enters the dormant mode, other small cells are impossible to cover the dormant small cell’s coverage area. Therefore, the small cells should be aware whether it could enter the dormant mode or be active via indications from macrocell or OAM or in self-operation manner. The required information elements for energy saving should include UE’s QoS, macrocell traffic load, etc, which should be determined in the energy saving SI. The interactive mechanism between macrocell and small cell should be studied in the intra-LTE enhancements for overlapping coverage scenario. The energy saving solutions in self-operation manner should be prioritized to study in small cell scenario.
Proposal 2: Small cells enter the dormant mode or activate via the indication from macrocell or OAM or in self-operation manner. The coverage area of small cells should be covered by macro cells.
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Figure 3. Small cells in dormant mode in spare deployment
Energy saving solutions for dense deployed small cells
Small cells locate near from each other, and overlapping with each other. If small cell enters the dormant mode, its coverage area should be covered by adjacent small cell or macro cell. The mechanism of determination on the dormant small cell should be studied in the SI. If small cells enter into dormant mode, the adjacent small cell may cover its area as small cell C and D, or the macrocell A covers the area of small cell E in Fig 4. The premise of energy saving solution must satisfy UE’s QoS requirements. It is suggested that the energy saving solutions between small cells should be studied in the dense deployment scenario. One possible solution is as follows. When the traffic load of small cell C is below the pre-defined traffic threshold, small cell C starts to negotiate with small cell B to satisfy the UE’s QoS, and then handover the serving UE to small cell B. The necessary messages exchanged between small cells are still open issues, which should be discussed and clarified in the SI. On contrast, the mechanism for small cells activate from dormant mode is suggested to rely on the traffic load of adjacent cell. The detail solution should be studied and discussed in the later progress of energy saving SI.
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Figure 4. Small cells in dormant mode in dense deployment
Proposal 3: The energy saving solutions for dense deployment scenario must study the mechanisms and necessary messages for adjacent small cell entering dormant mode or activating according the traffic load variety.
3 Conclusions
This contribution discussed the intra-LTE energy saving solutions for small cell, based on our analysis, we propose that:
Proposal 1: The energy saving solutions in self-operation manner is suggested to study for small cell scenario in the SI.
Proposal 2: Small cells enter the dormant mode or activate via the indication from macrocell or OAM or in self-operation manner. The coverage area of small cells should be covered by macro cells.
Proposal 3: The energy saving solutions for dense deployment scenario must study the mechanisms and necessary messages for adjacent small cell entering dormant mode or activating according the traffic load variety.
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