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1. Introduction 
Several agreements were achieved in RAN1#76 meeting (see appendix 1). In this contribution, down-selection of candidate discovery signals based on the corresponding evaluation results is proposed.
2. Discussion
The discovery signal design of small cell should consider several functions according to RAN1#76 agreements. These functions include the followings,
· coarse time and frequency synchronization, 
· cell/transmission point identification, 
· RSRP measurements,
· Received signal quality measurements. 
· others

2.1 Coarse time synchronization

For time synchronizations, the candidates RSs are PSS, PSS/SSS, PRS, CRS and CSI-RS. And most of them have a good property of auto-correlation and cross-correlation in time domain. The auto-correlation of PRS, CRS and CSI-RS have multiple peaks in time domain. And the difference of peaks energy is marginal, which will affect the accuracy of time synchronizations (see Appendix 2). On the contrary, the auto-correlation of PSS has only one peak. And PSS is already used to find the location of centre carrier frequency and coarse time synchronization from Rel-8 to Rel-12. It seems good enough to reuse PSS for coarse time and frequency synchronization.
Since ZC sequence has good zero auto-correlation after FFT, it is possible for time-domain detection of PSS to acquire coarse time syncronization from UE perspective. The complexity of time domain detection of PSS is small. Therefore, UE blind detection of PSS sequence without prior information from network side is preferred. 

Furthermore, indication of time information of the PSS from network information can reduce the UE detection time of PSS, which can reduce the UE power consumption. Such time information of PSS can be, e.g., indication of the time difference between start time of PSS of detecting cell and serving cell. Note that such indication may requires the network to be syncronized or asyncronized but with deterministic time differences between serving cell and detecting cell.
To sum up, for coarse time syncronization, the following aspects can be taken into consideration,

Proposal 1: PSS is used for coarse time synchronization. And the corresponding network assistance information are as follows,
· UE blind detection of PSS sequence without prior information from network side is preferred.

· Indication of the time difference between start time of PSS of detecting cell and serving cell may be provided from network
2.2 Cell/transmission point identification
SSS is used identify TDD/FDD mode, as well as frame boundary. No duplex mode need to be identified. And according to the assumption “Initial time/frequency offsets are assumed within +/- 2.5 ms and within +/- X ppm”, SSS is not needed to determine which half frame the UE is about to know. Therefore, whether SSS is needed in discovery signal depends on whether UEs acquire the cell id by SSS/PSS. 

As many companies proposed [4], more number of discovered small cell can bring more benefits from efficient operation perspective. There is a need for further discussion on how many small cells should be detected or identified. A paper which was proposed as [75-5] the email discussion conclusion [5] provide definitions as follow,

· Proposals for target set definition: 

· Alt.1: Small cells within RSRP gap = Y, Y=15 dB is baseline at this stage. 

· Alt.2: Top N small cells of a UE with RSRP >= X, N >= 3 and X=-127 dBm are baseline at this stage. 
The first alternative includes small cells within the margin of 15dB into the target set. Figure 1 gives the probability of small cells to be collected in the target set of discovered small cells. The first column shows that 81.74% UEs will consider the 2nd strongest RSRP small cells into the target set [1].  
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Figure 1 The probability of target cell within the 15dB gap
From the results, it is clear that above 5 cells, less than 20% of UEs will consider it into the target set. Therefore, it is quite possible more than 5 cells is unnecessary.

From simulation results in [1], the probability of a 3rd strongest RSRP cell in the target set is lower than 90% because of the severe interference for dense deployment. Therefore, PSS/SSS for cell identification might not fulfil the requirements that at least 3 small cells could be identified with more than 90% probability according previous simulations. 
But during small cell discovery, network assistance could be provided through informing UE of timing information and candidate cell IDs. 

Observation1:
PSS/SSS could not fulfil the requirements that at least 3 small cells could be identified with more than 90% probability according previous simulations 
Proposal 2:

Indication of the Cell identification information is necessary for small cell discovery. These information includes, e.g., cell IDs, virtual cell IDs for determine CRS/PRS/CSI-RS sequences.

2.3 RSRP measurement 
In addition to evaluation assumptions in SI, the following evaluation assumptions can be considered to down select candidate signals,

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

According to this assumption, the required SINR of CSI-RS, CRS and PRS is simulated as follows,
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(1) 3rd strongest cell



(2) 4th strongest cell


(3) 5th strongest cell

	
	3rd strongest cell
	4th strongest cell
	5th strongest cell
	Notes

	CSI-RS
	0.24dB
	-4.05dB
	-8.11dB
	2-port CSI-RS, cell randomly pick up 1 out of 20 CSI-RS pattern.

	CRS
	-15.18dB
	-19.97dB
	-24.2dB
	2-port CRS. Reuse factor=3

	PRS
	-9.9dB
	-14.78dB
	-18.89dB
	Reuse factor=6


Figure 2 Required SINR on particular signals, comparison between CSI-RS, PRS and CRS (ideal case, load=0, 90% detection probability, small cell scenario 2a)
According to the RSRP accuracy under different SINR from simulation results in Figure 3, the RSRP estimation error can be obtained in Table 1 for CSI-RS, CRS and PRS. 3 small cells being detectable is assumed.
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Figure 3 CDF plot of the difference between estimated RSRP and ideal RSRP (ideal case, load=0)
Considering the 90% probability of small cell identifications, the SINR assumed using different RSs could be seen from the table above. And the RSRP measurement errors could be got from link-level simulations. The simulation results show that, the 2port CRS has the similar performance with PRS. However, the performance of CSI-RS is not good as the other two RSs, because of the less RE number in one PRB. But if the SINR improvement through large reuse factor is considered, the RSRP measurement could be comparative with the other 2 RSs.
	
	Required SINR for 3rd strongest cell
	△RSRP =Estimated RSRP – Ideal RSRP

	CSI-RS
	0.24dB
	0.4954

	CRS
	-15.18dB
	2.458

	PRS
	-9.9dB
	0.6672

	Note: 

1) Assuming 90% detectable cells, whose RSRP are within the range [RSRP-△RSRP, RSRP+△RSRP]
2) 200ms RSRP measurement period


Table 1. Measured RSRP error for CSI-RS, PRS and CRS
Assuming 90% of the measured RSRP is less than +/-6dB error to ideal RSRP [3], it is observed that both three signals can satisfy the requirement in low load (load=0).
Observation 3
The CSI-RS, PRS and CRS could fulfil the requirements of RSRP measurements in low load (load=0).
Considering the large margin compared the simulation results to the requirements (RSRP error +/-6dB), it is also proposed that,
Proposal 3:
Long period of RSRP measurement based on discovery signal should be considered without sacrificing the RSRP measurement performance.
3. Conclusion
In this contribution, we discuss the design of small cell discovery signals. The down selection of candidates could be considered from coarse synchronizations, cell identifications and RSRP measurement precision. We propose that,

Proposal 1: 
PSS is used for coarse time synchronization. And the corresponding network assistance information are as follows,

· UE blind detection of PSS sequence without prior information from network side is preferred.

· Indication of the time difference between start time of PSS of detecting cell and serving cell may be provided from network
Proposal 2:

Indication of the Cell identification information is necessary for small cell discovery. These information includes, e.g., cell IDs, virtual cell IDs for determine CRS/PRS/CSI-RS sequences.

Proposal 3:
Long period of RSRP measurement based on discovery signal should be considered without sacrificing the RSRP measurement performance.

Observation1:
PSS/SSS could not fulfil the requirements that at least 3 small cells could be identified with more than 90% probability according previous simulations 
Observation 2:
The CSI-RS, PRS and CRS could fulfil the requirements of RSRP measurements in low load (load=0).
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Appendix 1 : Agreements from RAN1#76

Agreements:
· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted

· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization
· ….
And agreements about candidate signals are 
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
· 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
Appendix 2 : Correlation for PSS, CSI-RS, PRS, CRS
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Figure 3, PSS, CSI-RS, PRS, CRS correlations in time domain
Appendix 3 : 

Table 2: Simulation assumptions for system level evaluation 

	Scenario
	Scenario #2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
7 Macro sites 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Antenna configuration
	2Tx and 2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of small cells per Macro cell
	10

	Traffic model
	Full buffer

	UE speed
	3km/h


Table 3: Link level simulation assumptions for RSRP measurement

	Parameters
	Value
	Notes

	Measurement bandwidth
	50 RB
	

	System bandwidth
	10M
	

	Minimum RSRP L1 measurement period
	200ms
	

	Measurement samples (in time) per gap
	1
	1 ms sample per gap

	Measurement samples interval
	20 ms
	

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	Propagation conditions
	EPA3
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