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1. Introduction

In RAN1#72bis, enhancements for small cell discovery were discussed, and an agreement was made for further study. In the agreement, the metrics for evaluations in RAN1 were concluded as follows:

[image: image1]
In this contribution, we share our updated views and simulation results for the evaluation metrics.  
2. Discussions
2.1. Number of supportable individually identifiable small cells
In RAN1#72bis, a lot of contributions were submitted to discuss the necessity of the PCI extension especially for the super-dense scenarios. The probability of PCI collision among neighboring cells can be reduced as the total number of PCI increases. However, it should be kept in mind that operators should carefully check the PCI collision irrespective of the number of collision probability, thus a small number of PCI extension never relax the cell planning efforts. In addition, extension of PCI has a huge impact for cell search and/or UE implementation. Thus RAN1 should carefully study the benefit taking into account the pros and cons.
Observation:

· Even if the total number of PCI is extended, operation effort is still necessary to avoid PCI collision. 
· RAN1 should carefully study the benefit taking into account the pros and cons.
2.2. Number of detectable cells
In order to confirm the ability of PCI detection by conventional PSS/SSS, we performed a system level simulation by using the assumptions in Table 1. In this evaluation, we obtain pathloss and channel profile by using system level evaluation, and then perform link level PSS/SSS detection assuming that all the UEs are initially connected to macro eNBs and discovers small cells by using inter-frequency measurement. Noted that only small cells with higher received power (i.e. -20dB compared to the strongest small cell for each UE) are used for explicit interference modeling, and other small cells are assumes as AWGN. 
Table 1 Simulation assumptions

	
	

	SCE scenario 
	2a w/ 20% outdoor UE

	Number of small cell clusters per macro area
	2

	Number of small cells per cluster
	4

	Number of UEs per macro area
	30

	Carrier frequency
	2GHz for macro cells, 3.5 GHz for small cells

	Antenna Configuration
	2x2 ULA w/ 10 lambda spacing

	Measurement Gap Repetition Period (MGRP)
	40 ms

	Synchronization among small cells
	synchronized

	frequency offset 
	0.25ppm for eNB and 0.1ppm for UE


Figure 1 shows the number of successfully detected small cells and wrongly detected small cells (i.e. false alarm) for each UE. In this evaluation, the cell detection is performed by pre-determined threshold. Note the detection / false alarm probability can be controlled by using threshold, i.e. lower threshold will help to detect more small cells while false alarm probability will increase. Even though the optimization of threshold needs further study, we believe that current PSS/SSS has no problem to detect at least the strongest small cell as shown in this figure. Thus the important aspect of the discussion is whether two or more small cells need to be detected. 
Figure 2 shows the C.D.F. of coupling loss of successfully and misdetected small cells. Note that the coupling loss value is normalized by the lowest coupling loss value for each UE. In this distribution, the range of -20 to 0 dB of normalized coupling loss is used. From this result, it is demonstrated that there is no problem to detect small cells with approximately -5 dB normalized coupling loss (this corresponds to the requirement of PSS/SSS detection in TS36.133). Thus RAN1 should study more whether the detection of small cells with severe SINR is really useful. 
In summary, it is still unclear whether better detectability is required in addition to the current PSS/SSS ability. Before struggling to solve the FFS part of the previous agreement, RAN1 should clarify how much gain can be offered by detecting more small cells than the current ability of PSS/SSS.
Observation:
· The requirement for the number of detectable cells is still unclear. 
· RAN1 should clarify how much gain can be offered by detecting more small cells than the current ability of PSS/SSS.
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Figure 1 P.D.F. of the number of detected small cells
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Figure 2 C.D.F. of coupling loss of the detected small cells normalized by the lowest coupling loss value for each UE
2.3. Probability of detecting a cell as a function of distance
Figure 3 shows the simulation result for the distance between UE and small cells. The red line shows the C.D.F. of distance for the successfully detected cells, and the blue line shows that for the small cells not successfully detected. Since the detection success/failure depends on the channel situations including LoS/NLoS or indoor/outdoor rather than distance, the clear tendency cannot be confirmed. RAN1 should discuss more how to define the target distance for the small cell detection.
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Figure 3 C.D.F of the distance between UE and small cells
Observation:

· RAN1 should discuss more how to define the target distance for the small cell detection.
3. Consideration and conclusion
In this document, we shared our views and simulation results for the small cell discovery. Our findings are summarized as follows:
· UEs can detect at least one small cells, and detectability of more cells depends on the quality (i.e. can be detected when SINR satisfies -5 or -6 dB according to TS36.133)
· Introduction of new RS means that UEs have to be capable of detecting small cells with SINR  lower than the SINR requirement in TS36.133. 
We are not sure such a lower SINR small cells can help efficient offloading. RAN1 should study this aspect further.
Metrics for evaluation: 


UE battery consumption for discovery


Number of supportable individually identifiable small cells


Baseline is current number of supported PCIDs


Identify whether the current number is sufficient


Number of detectable cells in the chosen scenarios 


Target FFS for each scenario (or for a given SINR)


Target false alarm probability FFS


Detectability as defined in 36.133 for initial evaluation


Probability of detecting a cell as a function of distance


Detection time (e.g. taking into account ability to support small cell DTX operation / energy consumption)


Ability to estimate the signal strength of a small cell


Overhead


Impact on legacy UEs
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