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1 Introduction
Efficient discovery of small cells was first discussed at RAN1#72bis. As analyzed in [1], harsher interference conditions may pose challenges to UEs for initial access and for meeting RRM requirements with existing synchronization signals. In addition, new techniques potentially introduced for interference avoidance and coordination in small cell deployments may impose more stringent requirements in terms of detection SINR and detection time. The next step agreed at RAN1#72bis is to evaluate the performance of legacy PSS/SSS/CRS scheme and to conclude whether the legacy scheme is sufficient for small cell deployment scenarios. In this contribution, we provide link and system level evaluations of legacy scheme under small cell deployment scenario #2a.
2 Evaluation Results
2.1 Performance Evaluation under Legacy Requirements
Rel-8/9/10 cell identification requirements defined in RAN4 are as follows [2],

· SCH_RP>=-127dBm and SCH Es/Iot>=-6dB

· CRS RSRP>=-127dBm and Es/Iot>=-6dB

· 800ms detection time including 200ms CRS RSRP measurement period
The requirement is set as the pairing of minimum SINR condition and maximum allowed detection time: (-6dB, 800ms). In this section, we investigate the minimum performance of Rel-12 UEs assuming they follow the legacy requirements. Link-level evaluations assume a typical non-coherent PSS/SSS detector used in RAN4, where the interference is modeled as AWGN. System-level evaluations are conducted in SCE scenario 2a based on these link level results.

Link level simulation is performed to evaluate legacy PSS/SSS/CRS performance at given low geometries. The simulation results of cell detection times vs. given geometries are shown in Table 1. The cell detection time increases as SINR condition degrades. Longer detection time leads to more UE power consumption and reduced potential benefit brought by load balancing.

Table 1 Cell detection time in EPA5 channel (excluding 200 ms CRS RSRP measurement period)

	SINR (dB)
	90%-tile cell detection time (ms)

	-6
	55

	-7
	75

	-8
	125

	-9
	185

	-10
	305

	-11
	480

	-12
	>800


For interference avoidance and coordination, the network may activate and deactivate small cells according to the traffic load variations. Effective interference coordination may require frequent enough cell detection measurements where a UE may need to perform the cell discovery in a relative short time. Link level simulation is also run to evaluate legacy performance under various target detection times. Note that for some targeting detection times, cell detecting decision may completely rely only on PSS/SSS as the measurement period of CRS RSRP alone would require 200ms. False alarm rate would rise in these cases or to keep the rate below a certain target rate, e.g. 1%, the required SINR level would have to be increased. In Figures 1 and 2 we plot the CDF of the detection time for various SINR levels. A much higher SINR than -6 dB may be required for short target detection times. For example, the required SINR should be greater than -2.6 dB to keep the detection time under 20 ms in EPA5 channel.
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Figure 1 CDF of cell detection time under EPA5

The interference conditions experienced by UEs in small cell deployment scenario 2a are investigated by system-level simulations with deployment densities with 4 or 10 cells per cluster. Figure 2 shows the PSS/SSS SINR CDF of the three strongest cells. The first strongest SINR becomes worse as the small cell density increases while the SINR for weaker cells actually improves. Even so, there is still a large percentile of UEs with their second and third strongest SINR below -10 dB, e.g. 20% and 55% for the second and third strongest SINR levels, respectively.
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Figure 2 CDF of SINR of the three strongest cells in scenario 2a
Observation: Denser small cell deployment degrades the strongest SINR and improves the weaker cell SINR, but there is still a large percentage of UEs with 2nd and 3rd strongest SINR below -10dB.
Note that an improved SSS detection algorithm may be considered based on non-coherent combination of multiple trials. If a UE is allowed to detect the PSS/SSS transmissions from a target cell multiple times, a combining gain is obtained and the detection probability increases.
2.2 System Level Performance Evaluation 
The number of detectable small cells is plotted in Figure 3. Since effective interference coordination operation may require a short time for UE to perform cell detection, we evaluate the number of detectable cells by restricting the detection time. For example, we limit the detection time to 20 ms, which would require an SINR>-2.6dB to ensure a 90% probability of successful detection according to the link level results for legacy detection of Figure 1.
Scenario 2a with dense deployment of small cells is assumed Figure 1[3]

 REF _Ref355702463 \r \h 
 \* MERGEFORMAT , i.e. 1 cluster per cell, 10 small cells per cluster. PSS/SSS transmissions within and between clusters in the same or different macro cells are assumed to be synchronized. The link level results of  are used as input to the system level simulation, where a detection decision is generated based on the detection probability that corresponds to the SINR of the measured cell.

In the first case, the UE enforces the RAN4 requirement that SCH Es/Iot>=-6dB for each measurement. Within 20 ms, the UE can take four measurements and the cell is declared successfully detected as long as there is at least one successful decision. For cell detection under the minimum legacy PSS/SSS/CRS scheme and requirements, most UEs can detect 2 cells with SINR>-6dB. Note that depending on UE implementation, certain legacy UEs may perform better than the algorithm assumed in these simulations.

In the second case, the minimum SINR condition of RAN4 requirements is not enforced in the decision to declare a successful detection, which allows observing the potential cell detection capability of Rel-12 UEs based only on the detection of the cell identity of PSS/SSS for PSS/SSS with SINR lower than -6 dB, as also shown in Figure 3 for 20 ms detection time. The detection decision is generated based on the probability corresponding to the combined SINR after four measurements, which basically amounts to a 4.7 dB gain in link level performance [4]. Using this detection criterion, UEs can detect an increased number of cells. Note also that a more accurate modelling of the interference in the link level simulations may show improved performance due to the processing gain exploited by the correlation between synchronization sequences.
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Figure 3 CDF of the number of detected cells
3 Discussion on requirements for efficient small cell operation
Efficient small cell operation was discussed at RAN1#72bis, where downlink interference avoidance/coordination methods for further study were listed [4]. Among these methods, techniques such as load balancing/shifting require UEs to identify cells even without need for cell handover or re-selection. The number of cells that need to be detectable under which SINR conditions and detection time constraint should be assessed in the study of the candidate techniques for interference avoidance and coordination. Then, whether existing PSS/SSS/CRS can meet these targets should be further investigated.
Proposal: Further study techniques for interference avoidance and coordination in order to determine the target number of detectable cells, SINR conditions and detection time constraints that need to be met by signals used for discovery.
4 Conclusions
This contribution shows link-level and system-level simulations for cell detection based on PSS/SSS, for UEs that follow the legacy requirements including a SINR threshold, and for UEs with relaxed detection requirements. Statistics of the SINR of small cells at the UE were observed in small cell scenario 2a:

Observation: Denser small cell deployment degrades the strongest SINR and improves the weaker cell SINR, but there is still a large percentage of UEs with 2nd and 3rd strongest SINR below -10dB.
In order to proceed further with the study on small cell discovery, the following is proposed:
Proposal: Further study techniques for interference avoidance and coordination in order to determine the target number of detectable cells, SINR conditions and detection time constraints that need to be met by signals used for discovery.
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