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1 Introduction
In RAN1#76, some agreements were made for the further work on small cell discovery signals:
	Agreements:

· Followings can be considered as candidate signals for each purpose

· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals

· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered

· UE can utilize a combination of discovery signals for any of above purposes
Agreements:

· In addition to evaluation assumptions in SI, following evaluation assumptions can be considered to down select candidate signals

· Propagation delay between a cell and UE should be considered in the evaluations

· At least top (3) small cell within Y dB RSRP gap should be detectable

· Values of Y will be given in the evaluations

· Initial time/frequency offsets  are assumed within +/- 2.5 ms and within +/- X ppm

· Value of X will be given in the evaluations

· For cell identification

· The signal should be able to achieve over 90% detection probability for all detectable small cells

· For RRM measurement
· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells


This contribution provides simulation results by considering the further agreed simulation assumptions. We study the necessity of SSS as part of the discovery reference signal (DRS) and compare the cell detection performance for different DRS candidates.

2 Simulation setup
 Figure 1 shows the DRS configuration of the simulation. A discovery zone comprises N DRS occasions. A DRS occasion is regarded as 1 subframe and N=4 in the simulation.
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Figure 1 DRS configuration in the simulation
For RSRP measurement accuracy under 0.1 ppm frequency offset (FO) at eNB and 1 ppm FO at UE, we compare the following two combinations:
· PSS+SSS+CSI-RS
· PSS/SSS muting is applied.
· CSI-RS is transmitted in N consecutive subframes (N=4).
· Frequency offset is estimated using PSS and SSS.
· RSRP measurement is performed using CSI-RS.
· PSS+CSI-RS
· PSS muting is applied.
· CSI-RS is transmitted in N consecutive subframes (N=4).
· No frequency offset estimation is applied.
· RSRP measurement is performed using CSI-RS.
For cell detection performance, the following assumptions are made:

· 0.1 ppm FO at eNB and 0.1 ppm FO at UE

· No frequency offset estimation is applied.

· The following cases are evaluated:
· PSS+SSS without muting

· PSS+SSS with muting

· PSS+SSS+CRS without muting (conventional)

· PSS+SSS+CRS with muting

· PSS+SSS+PRS without muting

· PSS+SSS+PRS with muting

· PSS+SSS+CSI-RS without muting

· PSS+SSS+CSI-RS with muting

· Cell planning by configuring proper ZP and NZP CSI-RS is applied for CSI-RS only. For other signals, random cell planning was applied. Therefore, CSI-RS based DRS would show his best detection performance.
 The detailed simulation assumptions can be found in the Annex of this contribution.

3 Simulation results 
 Figure 2 depicts the simulation results of the RSRP measurement accuracy with 1 ppm FO. For the option of PSS/SSS/CSI-RS, FO estimation is performed using PSS and SSS and RSRP measurement is performed using CSI-RS. For the option of PSS/CSI-RS, FO estimation is not performed, and RSRP measurement is performed using CSI-RS. From the evaluation results, in addition to the low-complexity cell ID detection using SSS, SSS can also provide easy and robust FO estimation.
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Figure 2 RSRP measurement accuracy under 1ppm frequency offset
Proposal 1: SSS should be transmitted together with PSS as a part of DRS.

Figure 3 shows the detection performance for the considered DRS candidates. From the simulation results, the candidates can be down selected to:
· PSS+SSS with muting

· PSS+SSS+CRS with muting

· PSS+SSS+PRS with muting

· PSS+SSS+CSI-RS with muting
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Figure 3 Detection probability for the considered DRS candidates
Proposal 2: The DRS candidates are down selected to:

· PSS+SSS with muting

· PSS+SSS+CRS with muting

· PSS+SSS+PRS with muting

· PSS+SSS+CSI-RS with muting

4 Conclusion 
 This contribution provides simulation results for different DRS candidates. From the simulation results, it turns out that SSS is indispensable as part of the DRS not only because of its low complexity cell detection but also for its easy/robust frequency offset estimation performance together with PSS. In addition, from the simulation results, some DRS candidates are down selected. Our proposals are summarized as follow:
Proposal 1: SSS should be transmitted together with PSS as a part of DRS.

Proposal 2: The DRS candidates are down selected to:

· PSS+SSS with muting

· PSS+SSS+CRS with muting

· PSS+SSS+PRS with muting

· PSS+SSS+CSI-RS with muting
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Annex: Simulation Assumptions
All the simulation assumptions as described in [2] are applied. Further details on the simulation assumptions are given in the following:
· All links between small cells and UEs fulfilling RSRP>=-127dBm are explicitly modeled in the system level simulation:
· Within the system level layout, for each UE drop, Monte-Carlo simulations are performed to obtain the detection probability.

· The remaining cells not fulfilling RSRP>=-127dBm are modeled as AWGN.

· Target false alarm probability:
· Step 1: The threshold value for false alarm detection is set such that the false alarm rate with realistic receiver processing is less than 0.1% under noise only.

· Step 2: The threshold value from Step 1 is used in the system level simulations with ideal noise+interference estimation.

· Initial frequency offset (FO)

· For 1 ppm : FO estimation is performed using PSS and SSS

· For 0.1 ppm: FO estimation is not performed.

· Detection algorithm:
· A UE performs timing synchronization for each PSS code (e.g., multiple timing positions for u0, u1, and u2).

· Search window is ±2.5 ms.

· For each timing position, the UE performs cell ID and CP detection using SSS for the top N small cells by applying the false alarm detection threshold.

· The following detection criteria are further used:

· RSRP >= -127dBm
· RSRP gap is not considered.
· Correct CP detection

· The detected timing by PSS is within ±1/2 CP

· The traffic model is full-buffer.

· Cell planning

· Random cell planning is applied except for CSI-RS.
· Cell planning is applied for CSI-RS by properly configuring CSI-RS IM
· Propagation delay between a cell and UE is modeled. 
Table 1 Simulation parameters

	Items
	Macro cell
	Small cell

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

	System bandwidth
	10 MHz
	1.4 MHz

	Carrier frequency 
	2.0 GHz
	3.5 GHz

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

	Distance-dependent path loss
	ITU Uma [refer toTable B.1.2.1-1 in TR 36.814], with 3D distance between an eNB and a UE 
	ITU Umi [refer toTable B.1.2.1-1 in TR 36.814] with 3D distance between an eNB and a UE 

	Penetration
	For outdoor Ues:0 dB
For indoor Ues: 20 dB+0.5*din 
	For outdoor Ues:0 dB
For indoor Ues: 20 dB+0.5*din 

	Items
	Macro cell
	Small cell (Pico cell)

	Shadowing
	ITU Uma according to Table A.1-1 of TR 36.819
	ITU Umi [refer to Table B.1.2.1-1 in TR 36.814]

	Antenna pattern
	3D,  refer to TR 36.819
	2D Omni-directional

	Antenna Height: 
	25 m
	10 m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	UE Antenna Height: 
	1.5 m

	Antenna gain of UE
	0 dBi

	UE speed
	3 km/h

	Fast fading channel between eNB and UE
	ITU Uma according to Table A.1-1 of TR 36.819
	EPA

	Antenna configuration
	1Tx2Rx
	1Tx2Rx

	Number of clusters per macro cell geographical area
	1

	Number of small cells per Macro cell
	10 

	Number of Ues 
	5 Ues / small cell cluster

	UE dropping
	Ues randomly and uniformly dropped within the clusters

	Radius for small cell dropping in a cluster
	50 m 

	Radius for UE dropping in a cluster
	70 m

	Minimum distance (2D distance)
	Small cell-small cell: 20 m    
Small cell-UE: 5 m  

Macro –small cell cluster center: 105 m    
Macro – UE : 35 m 

cluster center-cluster center: 2x radius for small cell dropping in a cluster      

	Number of CSI-RS ports
	1

	Number of ZeroPowerCSI-RS configurations per cell
	10

	Search window size
	±2.5ms

	RSRP gap
	Not considered
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