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1 Introduction
Small cell on/off is one of the techniques studied for efficient small operation as captured in [1]. The open issues for small cell on/off are captured in [2] as following:
· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
Related to small cell on/off is the issue of small cell discovery. Performance of small cell discovery with existing signals has been extensively evaluated. In this contribution, we further discuss small cell discovery.
2 Discussion
Efficient small cell discovery essentially comprises small cell detection and RRM measurement. The motivation to improve small cell discovery may include a) supporting small cell on/off; b) supporting load balancing; c) supporting enhanced inter-frequency measurement. For load balancing, it is unclear on the required small cell discovery performance, i.e. the target number of detectable small cells and the target small cell discovery latency. For inter-frequency measurement, although it is indeed beneficial if inter-frequency measurement can be performed in short time duration, it is expected that UEs shall not perform inter-frequency measurement very frequently since the UEs that shall connect to small cells are mostly of low mobility. Hence the target inter-frequency measurement enhancement by efficient small cell discovery is unclear. Hence, the work on small cell discovery in Rel-12 shall mainly consider supporting small cell on/off, which is also aligned with the text in [2].
Proposal 1: The work on small cell discovery in Rel-12 shall only consider supporting small cell on/off.
For small cell on/off, in order to get the best performance in terms of packet throughput and energy saving, the UE shall connect to the small cell with the best RSRP. The evaluation results captured in [1] shows that the small cell detection performance with the best RSRP is sufficiently good with the existing Rel-8 PSS/SSS. Hence we have the following proposal:

Proposal 2: Rel-8 PSS/SSS is sufficient for small cell detection in Rel-12 to support small cell on/off.
For RRM measurement, it is shown in [3] that the RRM measurement based on existing Rel-8 CRS is also sufficient for the small cell with the best RSRP. However, the RRM measurement for the small cell with second and third best RSRP may not be good enough [3]. Hence it is possible that the measured RSRP from the small cell with the second or third best RSRP is larger than the measured RSRP from the small cell with the best RSRP, which may make the UE not connected to the best small cell and degrade the performance. One possible way to improve RRM measurement accuracy using Rel-8 CRS is to align the CRS frequency shifts among nearby small cells such that UE can utilize CRS interference cancellation. Hence we have the following proposal:

Proposal 3: Further study on the necessity of enhancements on RRM measurement for small cell detection in Rel-12 to support small cell on/off.
Small cell detection and RRM measurement is mostly for UEs before connected to the small cell. Once a UE is connected to a small cell configured with on/off, it is preferable that the UE can maintain its connection to the small cell even if it is at OFF state. This requires that the UE can perform radio link monitoring during the small cell OFF state [4]. Since Rel-8 RRM measurement and RLM are both based on the same reference signal (i.e. CRS), it is preferable that the same signal is also used for UE RRM measurement and RLM during cell OFF. Therefore, we have the following proposal:
Proposal 4: The same downlink signal during the OFF state is used for RRM measurement and RLM.
As the motivations of small cell on/off is on energy saving and interference reduction, it is preferable that the signal(s) for small cell detection and RRM/RLM measurement is sent infrequently (yet still sufficient for the required performance) when the small cell is in OFF state. Ideally, the set of subframes containing the signals for small cell detection and RRM/RLM measurement shall be the same. Therefore, we have the following proposal:

Proposal 5: Signals for small cell detection and RRM/RLM measurement shall be transmitted in a set of periodic subframes, where the supported periodicity of the set of subframes shall satisfy the detection and RRM/RLM measurement performance for a small cell configured with on/off.
3 Conclusions
In this contribution, we discuss small cell discovery with the following proposals:
Proposal 1: The work on small cell discovery in Rel-12 shall only consider supporting small cell on/off.

Proposal 2: Rel-8 PSS/SSS is sufficient for small cell detection in Rel-12 to support small cell on/off.

Proposal 3: Further study on the necessity of enhancements on RRM measurement for small cell detection in Rel-12 to support small cell on/off.

Proposal 4: The same downlink signal during the OFF state is used for RRM measurement and RLM.

Proposal 5: Signals for small cell detection and RRM/RLM measurement shall be transmitted in a set of periodic subframes, where the supported periodicity of the set of subframes shall satisfy the detection and RRM/RLM measurement performance for a small cell configured with on/off.
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