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1
Introduction

The description of the Study Item on physical layer aspects of small cell enhancements identifies the study of mechanisms for efficient discovery of small cells and their configuration [1].

This contribution provides an analysis of cell detection performance from a system-level perspective, focusing on intra-frequency interference issues. More specifically, it will be shown that at least in the case of the outdoor cluster scenario (2a) the distance from which a cell is detectable with high probability is considerably reduced compared to macro deployments. This justifies the introduction of enhancements to prevent unacceptably high connection failure rate especially at medium UE speeds.
2
Background
Cell detection is supported by the primary and secondary synchronization signals (PSS/SSS). According to RRM requirements specification [2], a UE has 800 ms to detect a cell and take a first measurement, assuming that the whole period is available to intra-frequency measurements and that the cell is detectable. A cell is considered detectable if the received power of PSS/SSS is above a band-dependent threshold and if the signal-to-noise-plus-interference ratio is above -6 dB.
Small cell deployments considered as part of the SI involve clusters of small cells whose coverage areas may significantly overlap. In addition, cells within a cluster are likely to be synchronized at the subframe and frame levels. This results in a situation where PSS/SSS transmissions from different cells of a cluster generate strong mutual interference irrespective of the load in the cells. A simulation-based study of connection failures (handover and radio link failures) [3] taking into account realistic cell detection found significant degradation for medium UE speeds in a similar scenario.
3
Evaluation methodology
To assess the need for improvements to cell detection the analysis included in this contribution is based on evaluating the probability of cell detectability as a function of the distance to the cell. While this methodology does not directly yield statistics of connection failures as in mobility-based studies that have been carried on in RAN2 [4], it does not require additional assumptions on measurement and other mobility-related parameters.
The details of the methodology are described in the following. Scenario 2a with 1 cluster per macro cell and 10 small cells per cluster has been selected for the evaluation (7 macro sites are used). Small cells and UE’s are dropped in the deployment and the path loss matrix is calculated according to the agreed simulation assumptions [5]. 
The SINR of PSS/SSS of cell j seen from UE i is then calculated as:
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, where ri,j is the received power of PSS/SSS from cell j at UE i, and N is the thermal noise. For the same pair of UE and cell, the distance di,j between the cell center and the UE is also determined. The cell center is the location of the eNB for an omnidirectional small cell, or the sector center for a sectorized macro cell. The probability of cell detectability as a function of distance is then estimated as:
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, where # represents the cardinality of the set of (i,j) pairs satisfying the condition, and  is a bin width.
4
Results
Figure 1 shows the probability that a cell is detectable according to the criterion that SINR of PSS/SSS is above -6 dB for different cases. It should be noted that (depending on UE implementation), a cell might still be detected with lower values of SINR, but the detection latency may then be in excess of 800 ms.

The results show (continuous blue line) that a small cell is detectable with a probability of 50% at a distance of 20 m from the center and 75% at a distance of 15 m from the center. Within these distances the UE is subject to the possibility of being suddenly exposed to the interference from that cell considering the shadowing correlation and NLOS to LOS transitions, especially at vehicular speeds. When this happens with a previously undetected cell the latency of reporting RSRP is increased by the delay required to detect PSS/SSS. In the case of a macro cell (dotted red line), the cell is detectable with 90% probability already 100 m from the sector center (assuming synchronization between macro cells also). 
The Figure also shows how the probability of detection would be improved if the synchronization signals were not all colliding with each other. For instance, in case a “reuse” of 3 could be applied on the synchronization signals, meaning that only 1 out of 3 small cells interferes, the distance for a given cell detection probability would almost double. This would thus provide additional margin for detecting the cell as the UE gets closer to it.
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Figure 1. Cell detectability as a function of distance (Scenario 2a, 1 cluster, 10 cells per cluster).
Considering the above, we make the following observation:
Observation: In a scenario with outdoor clusters of small cells, the probability of not detecting a small cell remains high (~50%) even at short distances (20 m) from the cell center.
Based on the above results one promising approach to improve on this could be to introduce a synchronization signal that is not colliding (or is orthogonal) with at least some synchronization signals from neighbor cells in a synchronized cluster.
Proposal: Improvements to cell detection, such as introducing a set of non-overlapping synchronization signals, should be considered.
3.
Conclusions
This contribution provided an analysis of cell detection performance from a system-level perspective, focusing on intra-frequency interference issues. More specifically, it was shown that at least in the case of the outdoor cluster scenario (2a) the distance from which a cell is detectable with high probability is considerably reduced compared to macro deployments. The following observation and proposal were made.

Observation: In a scenario with outdoor clusters of small cells, the probability of not detecting a small cell remains high (~50%) even at short distances (20 m) from the cell center.

Proposal: Improvements to cell detection, such as introducing a set of non-overlapping synchronization signals, should be considered.
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