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1. Introduction

After the RAN1#73 meeting, an email discussion was held to discuss the way forward on small cell discovery [1]. It was agreed in the email discussion that one of the focuses is to evaluate the performance of the legacy mechanism based on the assumptions described in [2] in addition to the agreement at RAN1#72bis. Two methods for performing evaluation are suggested in [1]: a) Alt 1: system level simulation based on LLS to SLS mapping; b) Alt 2: system level evaluation including link-level signal generation and detection. 
Most of the contributions so far use Alt 1. However, in this contribution we perform the performance evaluation of the legacy mechanism with method "Alt 2" instead using the agreed assumptions specified in [2].  
2. Link level signal generation and detection in the system simulation
In the evaluation method "Alt 2", PSS and SSS link level signals are generated firstly at each small cell, and at each randomly dropped UE. The received PSS and SSS signal are generated as the sum of each of the PSS and SSS signals applied with the path loss and fast fading from the corresponding small cell using the simulation assumptions in Table A: 1 (in the appendix), then link level detection is performed over the received PSS and SSS signal for each UE.
The link level detection is done in two steps: 

1) PSS acquisition: the threshold correspond to 0.001 false alarm rate (when no signal is transmitted)
2) SSS detection: SSS detection algorithm used in this evaluation is based on coherent and maximum likelihood detection [3]. And the channel estimates required by the coherent detection are obtained from detected PSS symbols by LS estimation and then noise suppression in the time domain.
3. Simulation Results

We have simulated in total 4 cases (A-D), using 4 or 10 cells with different PSS allocation. The setup is shown in Table: 1:

Table: 1 Simulation cases
	Simulation case
	Number of small cells
	PSS allocation (a,b,c)
a: is the number of cells using NID_2 = 0
b: is the number of cells using NID_2 = 1
c: is the number of cells using NID_2 = 2

	A
	4
	(4,0,0)

	B
	4
	(2,1,1)

	C
	10
	(10,0,0)

	D
	10
	(4,3,3)


The small cell placement and UE dropping (example) for the cases A-D are shown in Fig. 1, the cases A and B in the left figure and the cases C-D in the right figure. 
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Fig. 1 Small cell placement and UE dropping
The CDF of the number of detect cells for the different simulation cases are shown below. In the left part of Fig. 2 the results for the simulation cases A-B are shown and in the right part the cases C and D are shown.
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Fig. 2: CDF of the number of detected cells for the simulation cases A-D
In Fig. 2 we can see that the performance is not satisfactory, the number of detected cells are low. The reason for this is the rather high cross correlation between the SSS sequences. We can also notice that the performance is slightly better when all cells use the same PSS signal. The reason for this is that the properties of the channel estimates are different. It is important to consider the link level signal generation in the system level simulations. The average number of detected cells in a 5ms detection period is shown in Table: 2:

Table: 2: Average number of detected cells
	Simulation case
	Average number of detected cells

	A
	1.46

	B
	0.78

	C
	1.41

	D
	0.82


Observation 1:The legacy PSS/SSS cell search performance is not good enough under the simulation assumptions [1-2].  

Observation 2: System simulations without link-level signal generation and detection (i.e. simple SLS-LLS mapping) typically do not accurately capture several important aspects such as properties of channel estimates, cross correlation properties of the SSS sequences etc. These aspects have significant impact on detection and the system performance.
4. Conclusion
In this contribution, we provide evaluation results of legacy PSS/SSS cell search obtained by system simulation with link-level signal generation and detection. The results show that under the dense small cell deployment, the performance of legacy mechanism (PSS/SSS) is not adequate. Therefore, we propose that 3GPP investigates possible improvements of small cell discovery further. We also observe that system simulation without link level signal generation and detection can not capture several important aspects which have significant impact on the detection and system performance. 
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Appendix A
Table A: 1:Parameters for small cell deployment
	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 

	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

	UE speed
	3km/h

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

	Number of clusters per macro cell geographical area
	1

	Number of small cells per Macro cell
	10 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









