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Discussion and decision
1 Introduction 
The study of further enhancements for small cells is considered to be one of the most important topics identified for Rel-12. In TR 36.932, the scenarios and requirements for small cell enhancements were summarised [2]. A study item was approved to study potential technologies of physical-layer aspects for small cell enhancements taking into account these scenarios and requirements [1].
In this document, we provide an overview of scenarios of efficient discovery of small cells and discuss the evaluation assumptions.
2 Discussion
Various requirements for small cell enhancement are studied during the RAN study phase, i.e. system/mobility/coverage performance, core network related aspects, cost and energy efficiency aspects, and security aspects. Among the requirements, energy efficiency and mobility performance are closely related with small cell discovery/identification. Energy efficiency requirement is captured in TR36.932 [2] as follows:

Small cell enhancement should target the network energy efficiency to be as high as possible, given a reasonable system complexity with considering the traffic characteristics of small cell enhancement described in clause 6.3. Furthermore, placing small cells in a dormant mode could be supported considering the increased likelihood of small cells not serving any active users. The trade-off between user throughput/capacity per unit area and network energy efficiency should be considered.
High UE energy efficiency should be targeted taking into account the small cell’s short range transmission path. This means balancing effort in terms of UE energy efficiency, e.g., reducing required energy/bit for the UL, UE mobility measurements, cell identification and small cell discovery, end-user experience and system performance.
Regarding mobility performance with respect to small cell discovery, the requirement in [2] is: 

For UEs being served on a macro layer and for the targeted mobile speeds up to 30 km/h, small cell nodes need to be discovered, and potential mobility to small cell node performed, in a timely manner and with low UE power consumption in a situation when the UE moves into the coverage area of the small cell layer.

Taking into account above requirements, the following mechanisms of efficient discovery of small cells may be considered. To evaluate how efficient the discovery is, some assumptions need to be defined.
Small cell on a separate/same frequency layer as the macro cells
As indicated in [1], the study should address small cell deployments on both a separate and the same frequency layer as the macro cells. From UE discovery operation perspective, it is related with inter- and intra-frequency detection/measurement, respectively. A UE may require a measurement gap to identify and measure inter-frequency cells. Correspondingly, the time delay for the identification/measurement would occur, especially for the case of dense deployment scenario. In order to keep the quality, e.g. interruption time, packet loss, comparable to or even better than Rel-10/11, additional mechanisms may be required. It is not sure whether such aspects should be explicitly evaluated or not.
Observation 1: 
· FFS whether both separate and same frequency between small cells and macro cells should be evaluated for the discovery of small cells.
Discovery of small cell in a dormant mode
In order to maximize network energy efficiency, the small cell needs to turn into dormant mode as soon as possible when no UE is served by the cell. For example, the dormant cell may transmit a downlink signal with long DTX cycle (so called discovery signal) to inform UEs of the presence of the cell. Then, the UE can discover the dormant cell and can assist the cell to be reactivated. If the UE does not know the presence of the small cell in the proximity of the UE, small cell may lose the offloading opportunity. The discovery signal can be newly designed or formed from a legacy signal. Taking into account the trade-off between energy efficiency and offloading potential, the requirement of discovery signal, e.g. DTX cycle length, resource amount of the discovery signal, should be defined. 

If the dormant cell would not transmit a discovery signal, we need to evaluate the impact on the latency, the network/UE energy efficiency, and UE measurement on reference signals.
Observation 2: 
· The mechanisms for efficient discovery of small cells in a dormant mode should be evaluated. 
Discovery of small cell not in a dormant mode 
It may be needed for a UE to discover small cell not in a dormant mode. For a dense deployment scenario, an efficient discovery of small cells can be considered other than that of legacy approaches. The UE may need to discover the nearby small cells as well as the large cells including macro cells. Certain evaluations should be needed to evaluate whether the UE’s discovery of many cells nearby would delay the process of cell discovery. The evaluations may depend on the deployment scenario (e.g., how dense and how clustered the small cells) as well as the propagation models (how low are the cells to the ground and penetration loss etc.).
Observation 3: 
· The mechanisms for efficient discovery of small cells not in a dormant mode should be evaluated in comparison to legacy PSS/SSS and CRS based approaches.
Discovery of small cell for a UE in RRC_CONNECTED/ RRC_IDLE
Current LTE mobility procedure is differentiated based on the UE RRC state, i.e. a UE in RRC_IDLE performs cell reselection while network-controlled UE-assisted handovers are performed for a UE in RRC_CONNECTED. If the support for UE in RRC_IDLE to discover the dormant cell is needed, the evaluation may need to be carried out for this case. 
Observation 4: 
· Discovery of small cell for a UE in RRC_CONNECTED should be evaluated. 
· FFS for discover of small cell for a UE in RRC_IDLE.
3 Conclusions
In this contribution, we propose to discuss the following observations made on the small cell enhancement SID. The outcome of the discussion should be taken into account in determining the evaluation methodology and assumptions for small cell enhancements.
Observation 1: 
· FFS whether both separate and same frequency between small cells and macro cells should be evaluated for the discovery of small cells.
Observation 2: 
· The mechanisms for efficient discovery of small cells in a dormant mode should be evaluated. 
Observation 3: 
· The mechanisms for efficient discovery of small cells not in a dormant mode should be evaluated in comparison to legacy PSS/SSS and CRS based approaches.
Observation 4:
· Discovery of small cell for a UE in RRC_CONNECTED should be evaluated. 
· FFS for discover of small cell for a UE in RRC_IDLE.
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