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1 Introduction
Efficient discovery of small cells was first discussed at RAN1#72bis. As analyzed in [1], harsher interference conditions may pose challenges to UEs for initial access and for meeting RRM requirements with existing synchronization signals. In addition, new techniques potentially introduced for interference avoidance and coordination in small cell deployments may impose more stringent requirements in terms of detection SINR and detection time. The next step agreed is to evaluate the performance of legacy PSS/SSS/CRS scheme and to conclude whether the legacy scheme is sufficient for small cell deployment scenarios. In this contribution, we provide link and system level evaluations of detection performance utilizing PSS/SSS under small cell deployment scenario #2a.
2 Evaluation Results
2.1 PSS/SSS SINR
The geometry conditions experienced by UEs in small cell deployment scenario 2a with densities 10 cells per cluster are plotted in figure 1. It shows the SINR of weaker cells suffers quite large degradation compared to the first strongest cell.  A large percentile of UEs with their second and third strongest SINR below -10dB, e.g. 20% and 55% for the second and third strongest SINR levels, respectively.
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Figure 1 CDF of SINR of the three strongest cells in scenario 2a
2.2 Link Level Performance Evaluation
In Rel-8, RAN4 defines the cell identification requirement as the pairing of SINR side condition and maximum allowed detection time: (-6dB, 800ms) [2]. In small cell deployment, for interference avoidance and coordination, the network may activate and deactivate small cells according to the traffic load variations. Effective interference coordination may require frequent enough cell detection measurements where a UE may need to perform the cell discovery in a relative short time. Also to reduce interference it is possible that the deactivated cell only transmits discovery signal in the downlink. In that case UE may rely on PSS/SSS to perform both cell detection and RSRP measurement functionalities. Link level simulation is run to evaluate legacy performance based on one PSS/SSS measurement sample and four PSS/SSS measurement samples which are combined non-coherently. A cell is assumed correctly detected when the UE successfully identifies the cell ID and detects the correct frame timing. The false alarm rate is less than 0.1%. Figure 2 plots the corresponding detection probability under various SINR conditions where the interference is modeled as AWGN (SIR=Infinite). RSRP measurement accuracy based on the available PSS/SSS samples is plotted in Figure 3.
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Figure 2 PSS/SSS detection probability for EPA5
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Figure 3 CDF of PSS/SSS RSRP measurement error
It is observed that non-coherent combining of multiple PSS/SSS samples could greatly improve the one shot detection performance with the cost of longer detection time. To detect the small cell reliably (with over 90% probability), the minimum SINR requirements are read as -2.3dB and -6.4dB. In figure 3, PSS/SSS RSRP measurement accuracy decreases as the SINR condition degrades. For the second and third strongest cell with fairly large chance of having SINR below -10 dB, PSS/SSS based RSRP could not meet the RAN4 measurement requirements. 

PSS/SSS is designed to have good auto/cross correlation properties. It is argued that in actual synchronized deployments, UE will observe much higher synchronization channel SINR due to the low correlation between PSS/SSS sequences as approximated by
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Where I is the sum of the average received interference power for all cells excluding the target cell and r is the average correlation between two synchronization signal sequences. Link level simulation with two explicitly modeled cells is run to evaluate this potential performance improvement and compared with the case where only one target cell is modeled and all the interference power is accumulated into AWGN. In the simulation setup, UE geometry is kept the same and some portion of the AWGN power is replaced by interfering cell with 3dB higher power than the target cell. Different timing synchronization offsets, 0, 3us and -3us, between the target and interfering cells are also evaluated. The result is plotted in figure 4 and it shows that detection performance is improved by explicitly modeling the interfering cell but the effect is relatively small.  E.g. at SINR=-8dB, the improvement is approximately 0.25 dB which translates to r being about 0.9. The magnitude and phase variations introduced by different fading channels mainly contribute to the loss of low correlation properties between synchronization sequences. Of course there could be cases where the low correlation is preserved very well and much larger performance improvement could be achieved. But for cell detection we need to consider the typical/worst cases. So it is appropriate to use the AWGN only curve as the input to the system level simulator.
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Figure 4 Comparison between explicitly/implicitly modeled interfering cell
2.3 System Level Performance Evaluation 
In the system evaluation, scenario 2a with dense deployment of small cells is assumed [3]

 REF _Ref355702463 \r \h 
 \* MERGEFORMAT , i.e. 1 cluster per cell, 10 small cells per cluster. PSS/SSS transmissions are synchronized among the small cells. It was agreed in last meeting regarding the target set of detectable cells as follows [4],

· 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.
In the simulation, the baseline target set defined by definition Alt.1 contains all the small cells with RSRP within 15dB of UE strongest received RSRP. The baseline target set defined by definition Alt.2 contains the top 3 strongest small cells with RSRP>=-127dBm.
In figure 5 we plot the probability of a top small cell to meet the 15dB gap and -127dBm criteria respectively. It shows that in dense cluster small cell deployment, Alt.2 of target set definition is more relaxed than Alt.1. 
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Figure 5 Probability of top 10 small cells within target set criteria
In [5], we showed that with the legacy detection requirements of 800ms, all cells with SINR larger than -12 dB can be reliably detected. However, since effective interference coordination operation may challenge UE with a very short detection time, we evaluate the detection performance by restricting the detection time. In figure 6 below, the probability of the top strongest small cells within the target set which can be detected is shown. It is observed that detection performance can be greatly improved with multiple samples. Less than 58% of the second strongest small cells within the target set can be detected with 1 sample combining, and less than 83% with 4 samples combining.
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Figure 6 Cell detection performance of the top strongest cell within target set
Observation 1: For PSS/SSS based detection of small cells, the detection probability of the second strongest cell within target set is less than 0.9 if the detection time is 20 ms or less.
In the figure 7, we show the target set detection probability corresponding to different RSRP gaps (Alt.1) and target set sizes (Alt.2). A target set is said to be detected only if all of the small cells within the set are detected. 
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Figure 7 Target set detection probability
The target set detection performance can be greatly improved with multiple samples. For target set definition Alt.1, the target set detection probability is below 20% for the 15dB RSRP gap baseline case. Also for target set definition Alt.2, the target set cannot be reliably detected with greater than 0.9 detection probability when target set size is equal or greater than 2. 
Observation 2: For PSS/SSS based detection of small cells, the target set detection probability is below 0.5 for both baseline target set definition alternatives if the detection time is 20 ms or less
Observation 3: For PSS/SSS based detection of small cells, both individual cell and target set detection performance could be greatly improved with multiple-samples based detection
3 Conclusions
This contribution shows link-level and system-level simulations for cell detection and RSRP measurement based on PSS/SSS. Based on the simulation results, we made the following observation:
Observation 1: For PSS/SSS based detection of small cells, the detection probability of the second strongest cell within target set is less than 0.9 if the detection time is 20 ms or less 
Observation 2: For PSS/SSS based detection of small cells, the target set detection probability is below 0.5 for both baseline target set definition alternatives if the detection time is 20 ms or less
Observation 3: For PSS/SSS based detection of small cells, both individual cell and target set detection performance could be greatly improved with multiple-samples based detection
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Appendix A: 
Table A1 Simulation assumptions
	Parameters
	Macro cell
	Small cell

	Layout
	ISD: 500m, 7 Macro sites, with wrap-round
	

	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
	ITU Umi

	UE speed
	3km/h

	Fast fading channel between eNB and UE
	ITU Uma
	 ITU Umi

	Antennas
	
	1Tx2Rx

	Number of clusters per macro cell geographical
	1

	Number of small cells per cluster
	10

	Number of UEs 
	60 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 distances
	· Small cell-small cell: 20m
· Small cell-UE: 5m
· Macro-small cell cluster center: 105m
· Macro-UE : 35m
· cluster center-cluster center: 100m


Table A2 Cell detection simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Antenna configurations, spatial correlation
	1x2

	Channel model / Doppler spread (Hz)
	EPA, 5 Hz

	Interference model
	AWGN

	Frequency offset
	0 Hz
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