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1. Introduction
In RAN1#73, the following agreements were made on small cell discovery:

· The further evaluation campaign for the performance of legacy mechanism should be done based on following assumptions in addition to the agreement at RAN1#72bis 
· Target false alarm probability: 
· 0.001 is used for initial evaluation purpose and it should not impact the RAN4 requirement design 
· False alarm probability is defined as a detection probability of cells in the case of noise only input 

· In the legacy mechanism, the conclusive false alarm probability in the PSS/SSS detection should satisfy the above target 
· Target set of detectable cells: 
· Actual target set of detectable cells per carrier frequency should be determined based on gain achievable with, such as, interference coordination and load balancing. 
· 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. 
· Evaluation metrics: 
· Detection probabilities and RSRP measurement accuracies for at least top 3 small cells are evaluated 
· Number of measurement samples, i.e., PSS/SSS/CRS subframes, used for the detection/measurement should be shown (at least 1 subframe case should be evaluated) 

· Other baseline assumptions: 
· UEs only within cluster region are considered for the evaluation 
· It is assumed that UE does not have any PCI information of surrounding small cells in the evaluation of legacy mechanism 
· Synchronized transmission of PSS/SSS/CRS with timing/frequency offsets is assumed 
· Full buffer traffic load is assumed for the discovery performance evaluation 
· +/- 3 μs timing offset and +/- 0.1 ppm frequency offset among small cells are used 
· EPA multipath fading channel (3 km/h) is used 
· Actual detection/measurement algorithms should be implemented 

In this contribution, we evaluate the performance of cell discovery using legacy signals in the small cell scenario.  
2. Simulation methodology
In the section, we describe the simulation methodology used in this contribution to evaluate the performance of cell detection and RSRP measurement. The scenario evaluated is as follows:

· Small cell scenario 2a with 1 cluster per macro cell and 4 or 10 small cells per cluster, and

· Synchronized transmission of discovery signals both within and across clusters in the same or different macro cells
For the cell detection with Rel-8 PSS/SSS, the following procedure is used in the evaluation:

· Step 1: In system simulation, for each UE associated with the small cell layer and within the small cell cluster region, the N strongest small cells’ RSRP values {RSRP1, RSRP2, …, RSRPN} are collected, as well as the sum of the rest small cells’ RSRPs and thermal noise denoted as RSRP0. The value of N is set to 10 in the simulations.
· Step 2: For each output comprising N+1 values {RSRP1, RSRP2, …, RSRPN, RSRP0} from Step 1, N PSS/SSS transmissions are explicitly modeled in link level simulation, where the relative power of the N PSS/SSS transmissions follow {RSRP1, RSRP2, …, RSRPN}. The N PSS/SSS sequences are randomly chosen, which aims to model small cell deployment without much cell planning efforts. RSRP0 is modeled as the relative power of noise.  
· Step 3: PSS/SSS detection is performed based on 1 subframe or 8 subframes (4 radio frames). The PSS/SSS sequences with the correlation values above the detection threshold corresponding to 0.001 false alarm probability is claimed as detected. 
For the RSRP measurement with CRS, the following procedure is used in the evaluation:

· Step 1: In system simulation, for each UE associated with the small cell layers and within small cell cluster region, the N strongest small cells’ SINR values {SINR1, SINR2, …, SINRN} observed on CRS are collected, the value of N is set to 10 in the simulations. Note that random cell planning is assumed and CRS frequency reusing factor 3 is used.
· Step 2: RSRP measurement is performed for each output comprising N values {SINR1, SINR2, …, SINRN} from Step 1 based on 1-subframe measurement and 10-subframe measurement. The detailed simulation assumption is listed in Table 3.   
Based on the PSS/SSS detection and RSRP measurement result, a cell is claimed as detected if its PSS/SSS sequences is detected and the cell’s RSRP is higher than -127dBm. 
3.  Simulation result and discussion
Figure 1 and Figure 2 show the PSS/SSS detection probability. Small cell with cell index 1 is the cell with the strongest RSRP and small cell with cell index 2 is the cell with the second strongest RSRP, and so on.  It is observed that almost all of the UEs can detect the small cell with the strongest RSRP. It is also noted that if the number of subframes used for PSS/SSS detection is increased, then the detection probability for almost all cells is improved, which means the number of detectable small cells will increase. From Figure 2 it can be seen that when the number of small cells per cluster increases, the number of detectable small cells will also increase.
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Figure 1: PSS/SSS detection with 1 subframe (left) and 8 subframes (right), 4 small cells per cluster
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Figure 2: PSS/SSS detection with 1 subframe (left) and 8 subframes (right), 10 small cells per cluster

Observation 1:

At least the small cell with the strongest RSRP can be detected with a very high probability using legacy PSS/SSS. 

Observation 2:

If the number of subframes used for PSS/SSS detection is increased, the number of detectable small cells will increase.
Figure 3 and Figure 4 show RSRP measurement performance using legacy CRS. It can be observed that RSRP measurement performance for the small cell with the strongest RSRP can fully meet the RAN4 RSRP measurement accuracy, even based on one subframe measurement. If 10 subframes are used for RSRP measurement, the accuracy can be improved. For example, for the case of 4 small cells per cluster in SCE scenario 2a, with 90% probability the small cell with the second strongest RSRP can meet the RAN4 RSRP measurement accuracy and 80% for the third small cell. 
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Figure 3: Performance of RSRP measurement with 1 (left) and 10 subframes (right), 4 small cells per cluster
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Figure 4: Performance of RSRP measurement with 1 (left) and 10 subframes (right), 10 small cells per cluster
Observation 3:

Using legacy CRS, RSRP measurement performance for the small cell with the strongest RSRP can meet the RAN4 RSRP measurement accuracy and for most of the time RSRP measurement for the second and third strongest cell also shows good performance.
From the above simulation results, it can be found that with the legacy PSS/SSS and CRS, there is no problem for the UE to detect at least the small cell with the strongest RSRP in dense small cell deployment scenarios. Small cell ON/OFF is studied in Rel-12 as a potential solution for interference avoidance and network energy saving. The simulation results indicate that if the legacy PSS/SSS and CRS is used as the discovery signal for an OFF small cell, the UE still can detect the small cell with the best signal quality, which shall be ideally turned ON to serve the UE. The small cell in OFF state can transmit PSS/SSS with a relatively longer periodicity.  
Observation 4:

If small cell DTX is to be adopted, legacy PSS/SSS and CRS with longer periodicity can serve as the discovery signal for small cells in OFF state. 
4. Conclusions

In this contribution, we discuss the performance of small cell discovery in the Rel-12 small cell scenarios and we have the following observations:

Observation 1:

At least the small cell with the strongest RSRP can be detected with a very high probability using legacy PSS/SSS. 

Observation 2:

If the number of subframes used for PSS/SSS detection is increased, the number of detectable small cells will increase.
Observation 3:

Using legacy CRS, RSRP measurement performance for the small cell with the strongest RSRP can meet the RAN4 RSRP measurement accuracy and for most of the time RSRP measurement for the second and third strongest cell also shows good performance.
Observation 4:

If small cell DTX is to be adopted, legacy PSS/SSS and CRS with longer periodicity can serve as the discovery signal for small cells in OFF state. 
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6. Appendix
Table 1: Simulation assumptions for PSS/SSS system level evaluation 

	
	Scenario #2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
19 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
	4 or 10

	Number of small cells per Macro cell
	4 or 10

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814
File size: 0.5Mbytes

Packet arrival rate λ : 12.5

	UE speed
	3km/h


Table 2: Simulation assumptions for PSS/SSS link level evaluation 

	Parameters
	Value

	Channel
	EPA 3

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

	UE speed
	3km/h

	PSS/SSS detection 
	1 and 8 subframes 


Table 3: Link level simulation assumptions for RSRP measurement
	Parameters
	Value
	Comments

	Measurement bandwidth
	50 RB
	

	System bandwidth
	10M
	

	Minimum RSRP L1 measurement period
	20ms/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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