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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-RAT energy saving issues and corresponding energy saving solutions for small cell scenarios.
Based on the small cell scenarios and requirements defined in [2], our considerations on the intra-RAT energy saving for small cell scenario are proposed for discussion.
2 Discussion

2.1 Overview
The definitions of small cell deployment scenarios, requirements and use cases are summarized below [2].
· 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 considered, which enhances indoor coverage/capacity. Corresponding energy saving solutions should also be discussed later in the SI.
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Figure 1. Spare deployed small cells                                Figure 2. Dense deployed small cells
In Fig. 1 & 2, the typical deployment scenarios for small cell are classified as sparse scenario and dense scenario. Macro cell A and small cells are all E-UTRAN cells. In sparse deployment scenario in Fig.1, the small cells are located far away with each other, which are not overlapped with each other. While the dense deployment scenario in Fig. 2, the small cells are densely deployed and the coverage areas of small cell are overlapped with each other.
2.2 Energy Saving Solutions for Small Cell
The solutions for E-UTRAN cell enters or wakes up from dormant mode are summarized in [3], including OAM-based solution and signalling-based solutions. Both the two solutions inform the respective neighbouring intra-RAT cells with the dormant or wake up mode of E-UTRAN cells.
Since small cell may be deployed indoor or outdoor with sparse or dense density, the energy saving mechanisms are determined according to the deployment scenarios. Therefore, the considerations on the features of possible solutions are summarized for discussion.
In small cell deployment scenarios, small cell could switch off if its traffic loading is in low traffic period as macro cell in tradition manner [3]. But the definition of traffic loading period should be reconsidered in small cell scenarios as the criteria is different from macro cell, and each small cell may have unique criteria as the environment is different among small cells.

UE type is another important element should be considered to determine the energy saving solutions. As the almost blank sub-frame (ABS) and cell range extension (CRE) are adopted as time-domain ICIC solutions, the small cell DTX technique applied for the CRE users maybe achieve the purpose of energy saving while prevents the CRE users from dropping off. The performance of legacy UEs should also be guaranteed when small cell operates the energy saving solutions. More discussions are kindly required for limiting the definition of UE types.
Because UE Qos requirements become an important aspect in designing the energy saving solutions, the users’ Qos requirements should be maintained if the small cells are deployed to enhance the system capacity. The Qos requirements are the essential premises to design the energy saving solutions for small cell scenario as well as the inter-eNB scenario.
Proposal 1: Traffic loading, UE type, UE Qos requirements, etc, should be considered for energy saving solutions for small cell scenario.
In the sparse deployment scenario, the small cells are far away with each other. Small cell could optimize its Tx power with the coverage requirement wisely or switch on/off the Tx power adopt with the traffic loading varieties. Corresponding mechanisms should be studied and discussed firstly in the SI.
While in the dense deployment scenario, adjacent small cells are overlapped in the cell boundary area. The open access group small cells are suggested to research in high priority. If small cells are deployed in cluster manner, the coordination or optimization of access control, scheduling and power control mechanisms, etc. among small cells will effectively reduce the total power assumption. The mechanism of switching on or off mechanisms of small cells is not an accurate manner to reduce the total power consumption. More efficient mechanisms for energy saving are required to solve the complicated dense small cell deployment scenario, e.g. jointly coordination the parameters of handover and cell (re-) selection procedures, jointly optimization Tx power of adjacent small cells, etc. The above mentioned aspects could be considered to design the energy saving solutions.
Proposal 2: The energy saving solutions should firstly study the sparse deployment scenario, and then study the dense deployment scenario. The energy saving solutions could consider the following aspects in small cell scenario, such as joint optimization of Tx power, jointly coordination the parameters of handover and cell (re-) selection procedures, etc.

3 Conclusions
This contribution present our considerations on energy saving solutions for LTE small cells, based on above analysis, we propose that:
Proposal 1: Traffic loading, UE type, UE Qos requirements, etc, should be considered for energy saving solutions for small cell scenario.
Proposal 2: The energy saving solutions should firstly study the sparse deployment scenario, and then study the dense deployment scenario. The energy saving solutions could consider the following aspects in small cell scenario, such as joint optimization of Tx power, jointly coordination the parameters of handover and cell (re-) selection procedures, etc.
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