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1 Introduction
As a part of small cell enhancement study, our companion contribution discusses the directions of the study [1]. As a first step to investigate the discovery signal for small cell enhancements, this contribution provides the initial system level simulation results using the existing PSS/SSS and CRS with the measurement requirements specified in [5]. 
2  Simulation Set-up
In email discussion of “[72-16] R1-130750 Evaluation assumptions for small cell physical layer enhancements”, some basic simulation assumptions including the scenarios were agreed for small cell enhancements in RAN1. Our simulation assumptions in this contribution are in line with the agreements [2].
Figure 1 depicts the cell layout which was used in the system level simulation. The legend on the right side of the figure also maps the geometry SINR of each UE to a specific color. Scenario #2a in [3] was used for small cell scenario where the macro cell and outdoor small cell are, respectively, deployed in carrier frequency 2GHz and 3.5GHz. The basic deployments are:
· 7 macro sites (21 macro cells) with wrap-around

· ~20 UEs per small cell cluster
· 1 small cell cluster within a macro cell
· 4 small cells per small cell cluster
The remaining simulation parameters are shown in Table 1 of Annex.
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Figure 1 Scenario #2a for simulation
The measurements of discovery signal (PSS/SSS/CRS) were performed for small cell (i.e. 3.5GHz carrier frequency). The following steps and the detection criteria were used for simulation:
· Step 1: PSS detection
·  Link-to-system mapping based on SINR during 5ms 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 [5].

· 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 [5].

The link curves which were used for Step 1 and 2 are shown in Figure 2.
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Figure 2 Link curve under AWGN (1Tx/1Rx)
The following two methods were used to evaluate number of detected small cells:

· Method 1: Discovery is based on PSS/SSS only.

·  Comprising Step 1 to 3
·  If PSS/SSS detection in Step 3 is successful, the cell is regarded as ‘detected’.

· Method 2: Discovery is based on PSS/SSS and CRS.

·  Comprising Step 1 to 5

·  If both PSS/SSS detection in Step 3 and CRS detection in Step 5 are successful, the cell is regarded as ‘detected’.

3 Simulation results
Figure 3 shows the simulation results for Method 1 (using PSS/SSS only) and Method 2 (using PSS/SSS and CRS) in terms of the number of detected small cells. The numbers of detected small cells at 95% are, respectively, 5 and 4 for Method 1 and Method 2. As seen in the simulation results, we observe that the number of detected small cells seems not sufficient under given simulation conditions of 5/10ms accumulation for PSS/SSS and 200ms for CRS.
[image: image3.emf]0 1 2 3 4 5 6 7 8 9

0

0.2

0.4

0.6

0.8

1

number of the detected small cells

cdf

 

 

Method 1 - PSS/SSS based

Method 2 - PSS/SSS and CRS based


Figure 3 Number of the detected cells
4 Summary
Based on the simulation results, we observe that the number of detected cells seems not sufficient under given simulation conditions of 5/10ms accumulation for PSS/SSS and 200ms for CRS. Further study would be needed with more accumulations for PSS/SSS and/or CRS.
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Annex. Simulation parameters

Table 1 Simulation parameters (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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