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1 Introduction
In [2], the initial evaluation results were provided in small cell discovery under SCE scenario 2a using the existing signals of PSS, SSS, and CRS. The evaluation showed that, at 95% of CDF, the numbers of detectable cells are 5 using PSS/SSS only and 4 using PSS/SSS/CRS. 
In this contribution, we further provide the simulation results on the following two mechanisms:

· Method 1: Existing mechanism using PSS, SSS, and CRS

· Method 2: Modified mechanism using PSS and SSS

2  Number of detectable cells
According to [3], in RRC_CONNECTED state the measurement period for intra frequency measurement is 200ms. When no measurement gaps are activated, the UE shall be capable of performing RSRP and RSRQ measurements for 8 identified-intra-frequency cells.
From the simulation results in [2], it was shown that the numbers of detectable cells are, respectively, 4 and 5 for both Method 1 and Method 2. The numbers are much less than 8 which is the requirement in RRC_CONNECTED state. The requirements for the detectability specified in [3] (e.g. RSRP>=-127dBm and Es/Iot>=-6dB) are the bottleneck. Therefore, the number of detectable cells cannot be increased unless the requirements are not relaxed.
Observation 1: The number of detectable cells is not sufficient in small cell deployment scenario using the existing mechanism.

3 Detection time
 The simulation results in detection time are provided in the following. The detailed simulation methodology is presented in Annex.
 Figure 1 depicts the simulation results for Method 1 and Method 2 in terms of detection time. The detection time is measured as the collapsed time until the cell is successfully detected. The minimum detection time units for Method 1 and Method 2 are 200ms (PSS+SSS+CRS) and 20ms (PSS+SSS), respectively. For Method 2, if the cell is not detected, the received signals of PSS and SSS are accumulated for the next trial. The detection times at 95% successful detection for Method 1 and 2 are 600ms and 400ms, respectively.
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Figure 1 Simulation results of detection time [ms]

 Observation 2: If only PSS/SSS are used for discovery, the detection time can be reduced accordingly.

4 Conclusions
 This contribution discusses the aspects of small cell discovery using the existing physical signals of PSS, SSS, and CRS. From the discussions and simulation results, the followings are observed:
Observation 1: The number of detectable cells is not sufficient in small cell deployment scenario using the existing mechanism.
Observation 2: If only PSS/SSS are used for discovery, the detection time can be reduced accordingly.
 In order to increase the number of detectable cells, the current requirements in [3] needs to be relaxed. Also, if only PSS/SSS are used for discovery, the detection time can be reduced by skipping the measurement using CRS. Therefore, we suggest to further study if the requirements of RSRP and Es/Iot in [3] can be relaxed and if using PSS and SSS without CRS is feasible in discovery purpose under small cell deployment scenarios. 
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Annex. Simulation methodology

The measurements of discovery signal (PSS/SSS/CRS) were performed for small cell (i.e. 3.5GHz carrier frequency) under SCE scenario 2a. The following steps and the detection criteria were used for simulation:

· Step 1: PSS detection

·  Link-to-system mapping based on SINR during 10ms from the link level results performing the practical timing synchronization with 3 hypothesis tests for 3 PSS codes

· Step 2: SSS detection

·  Link-to-system mapping based on SINR during 10ms from the link level results performing the practical SSS code, CP type, and subframe boundary detections with 2016 (=504*2*2) hypothesis tests

· Step 3: PSS/SSS detection criterion 

·  SCH_RP is measured for PSS/SSS.

·  PSS/SSS detection is regarded as ‘successful’ when both SCH_RP>=-127dBm and  SCH Es/Iot>=-6dB are fulfilled [3].

· Step 4: CRS detection

·  RSRP is measured for CRS during 200ms.

· Step 5: CRS detection criterion

·  CRS detection is regarded as ‘successful’ when both RSRP>=-127dBm and Es/Iot>=-6dB are fulfilled [3].

 The link curve which is used for Step 1 and 2 is shown in Figure 2.
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Figure 2 Link curve for PSS and SSS in AWGN (1Tx/1Rx)
The detailed simulation parameters are tabulated in Table 1 and the cell layout for simulation is shown in Figure 3.

Table 1 Simulation parameters (SCE scenario 2a)

	Items
	Macro cell
	Small cell

	Layout
	ISD: 500m, 7 Macro sites, with wrap-round
	Clusters uniformly dropped within the macro geographical area; small cells uniformly dropped within each small cell cluster area

	System bandwidth
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm

	Distance-dependent path loss
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din 
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din 

	Items
	Macro cell
	Small cell (Pico cell)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional

	Antenna Height: 
	25m
	10m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	UE Antenna Height: 
	1.5 m

	Antenna gain of UE
	0 dBi

	UE speed
	3km/h

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx , Cross-polarized
	2Tx2Rx, Cross-polarized

	Number of clusters per macro cell geographical area
	 1

	Number of small cells per Macro cell
	4 small cells / Macro sector

	Number of UEs 
	30 UEs / Macro cell area

	UE dropping
	 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	Minimum distance (2D distance)
	Small cell-small cell: 20m

Small cell-UE: 5m

Macro –small cell cluster center: 105m

Macro – UE : 35m

cluster center-cluster center: 2x Radius for small cell dropping in a cluster
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Figure 3 Scenario 2a for simulation
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