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1 Introduction
In 3GPP TSG RAN #58 meeting, the study item on Small Cell Enhancements was approved for Release 12 study [1]. One of the objectives of this study item is as follows:
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration.
In this contribution, initial consideration on the requirement of small cell discovery is discussed and performance with legacy discovery signal and an alternative discovery signal are presented.  
2 Discussion
Small cells are considered promising techniques to cope with mobile traffic explosion, especially for hotspot deployments in indoor and outdoor scenarios [2]. Dense small cell deployments are particularly attractive for operators. To facilitate efficient operation of small cells, it may be beneficial for the UE to detect a sufficient number of small cells. For example, assuming that the network could acquire sufficient neighboring cells information of each UE, load balancing might be performed more efficiently if each UE can detect a large number of small cells. In addition, one or more small cells might be shut down for the purpose of network energy saving if the traffic load becomes low.
In the following section, we evaluate the cell discovery performance using the legacy discovery signal (SS, CRS) in the relevant small cell scenarios. Furthermore, the cell discovery performance using an alternative discovery signal is evaluated as a comparison. It is proposed that the number of detectable small cells shall be considered when assessing the necessity of improving small cell discovery beyond the legacy discovery signals. 
3 Evaluation on small cell discovery performance
In order to evaluate the cell discovery performance, system level simulation for Scenario #2a is performed based on the agreed evaluation assumptions [3] to obtain the Es/Iot geometry and RSRP statistics. In the simulation, 57 macro cells and 30 UEs per macro cell are assumed. The legacy discovery signals of all small cells are located on the same time-frequency resources. A UE is classified as a macro UE or a small cell UE depending on the RSRQ to a macro cell or a small cell. A cell is considered to be detected to a UE if the measured Es/Iot and RSRP corresponding to that cell are above certain thresholds. The following thresholds from the measurement conditions in [4] are used in the simulations, i.e. RSRP of -127 dBm/15kHz and Es/Iot of -6 dB. The simulation outputs the CDF of the number of detectable small cells of all UEs.
Figure 1 shows the small cell discovery performance with legacy discovery signals. It can be seen that most of the UEs (either a macro UE or a small cell UE) can only identify 1 or 2 small cells on average and only a small portion of the UEs can identify 3 small cells. Comparing Figure 1a with Figure 1b, it is found that the number of identified cells does not increase as the number of small cells in a macro cell increases from 4 to 10. 
Observation 1: With legacy discovery signals, a UE can only identify a limited number of small cells in a dense small cell deployment scenario.
[image: image1.emf]0 0.5 1 1.5 2 2.5 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Identified Small Cell Number

CDF

4 small cells/cluster,1 clusters/sector,legacy DS

 

 

Macro UE

Small Cell UE

 [image: image2.emf]0 0.5 1 1.5 2 2.5 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Identified Small Cell Number

CDF

10 small cells/cluster,1 clusters/sector,Legacy DS

 

 

Macro UE

Small Cell UE


                                         (a)                                                                                         (b)
Figure 1: Small cell discovery performance with legacy discovery signal
The main issue with the legacy discovery signal for small cell discovery is that the legacy synchronization signals are mapped onto the same time-frequency resource, which limits the corresponding value of Es/Iot. In the following an alternative discovery signal and its corresponding discovery performance are presented. In the alternative scheme, the discovery signals of different small cells in a small cell cluster are allocated with orthogonal resource such that the collision of the discovery signals of the small cells in the same small cell cluster can be avoided and the Es/Iot can be improved. It is noted that the interference between small cells in the same small cell cluster is strong due to the short cell distance. 
Figure 2 shows that with the alternative discovery signal, the number of detectable small cells is largely increased compared to the legacy signals. When there are 4 small cells in a macro cell, UEs can identify 4 to 5 small cells on average and 8 small cells at the maximum. When the number of small cells in a macro cell increases from 4 to 10, UEs can identify 8 to 12 small cells on average and 18 small cells at the maximum. Note that the average number of identified small cells is quite close to the number of small cells deployed in a small cell cluster.
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Figure 2: Small cell discovery performance with new discovery signal
Observation 2: With an alternative discovery signal mechanism that allows orthogonal discovery signals among small cells in a small cell cluster, a UE can identify much more small cells than with the legacy discovery signals.
4 Conclusion 

In this contribution, requirement on small cell discovery is discussed. It is shown that the inter-cell interference on the legacy discovery signal is the dominant factor that limits the number of detectable small cells for a UE. With an alternative discovery signal mechanism that allows orthogonal discovery signals among small cells in a small cell cluster, a UE can identify much more small cells that with the legacy discovery signal. It is also proposed that the number of detectable small cells shall be considered when assessing the necessity of improving small cell discovery beyond the legacy discovery signals
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