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1 Introduction

In RAN1#72bis, basic assumptions/metrics for the evaluation of small cell discovery was agreed [1]. In addition to the agreement in RAN1#72bis, the further evaluation assumptions for the performance of legacy mechanism were agreed in email discussion after RAN1#73 as followings [2]: 
· 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 provide evaluation results of the small cell discovery performance with legacy PSS/SSS structure.
2 Small cell detection performance
We evaluate the link level cell detection performance with legacy PSS/SSS structure for a specific UE position in multi-cell deployment environment. To obtain the related link level simulation parameters for a UE position, small cells are deployed and UEs are distributed over the system according to the system simulation assumptions in [3]. For each UE position, we consider the 5 strongest cells for detection, where the 5 strongest cells are chosen based on RSRP in system simulation. The PSS/SSS transmissions from the 5 strongest cells are considered in link level assuming that the interference from the remaining cells is modelled as AWGN. The average SINR values of PSS/SSS transmission from the 5 cells are obtained by cell and UE drop in system simulation, respectively. The detailed link and system simulation assumptions are summarized in table 1 and table 2, respectively. 
Table 1 Link level simulation assumptions for cell detection.
	Bandwidth
	10MHz

	Carrier frequency 
	3.5G

	Channel model and Doppler frequency
	EPA

	Time offset (us)
	Random and uniform timing offset within +/- 3 us for each signal

	Frequency offset (Hz)
	Random and uniform frequency offset within 0.1ppm at the UE

	UE speed
	3km/h

	PSS/SSS transmission
	5 strongest cells

	Antenna configurations
	2x2

	Number of subframes used for cell detection
	Single subframe

	Interference modelling
	AWGN for the interference from cells other than the 5 strongest cells


Table 2 System level simulation assumptions for cell deployment.
	Scenario
	Scenario #2a

	Number of macro site
	7

	Total Small cell TX Power
	30 dBm

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline

	Antenna configuration
	2x2, cross-polarized

	Selection of target cell for detection
	5 strongest cells based on RSRP


In figure 1 to figure 5, we show cell detection probabilities according to RSRP value of link between UE and target cell. 
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Figure 1 1st cell detection probability
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Figure 2 2nd cell detection probability 
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Figure 3 3rd cell detection probability.
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Figure 4 4th cell detection probability.
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Figure 5 5th cell detection probability.

As can be seen in figure 1 to figure 5, RSRP values of link between a UE and target cells are higher than -127 dBm which is the minimum RSRP value defined in [4] for a detectable cell in intra-frequency measurement cases. This may result from the simulation assumption that UE located within small cell cluster is chosen. 

In figure 6 to figure 10, we show cell detection probabilities according to SINR value of link between UE and target cell.
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Figure 6 1st cell detection probability.
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Figure 7 2nd cell detection probability.
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Figure 8 3rd cell detection probability.

[image: image9.wmf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-

35

-

30

-

25

-

20

-

15

-

10

-

5

0

4th cell detection probability

SINR (dB)

D

e

t

e

c

t

i

o

n

p

r

o

b

a

b

i

l

i

t

y


Figure 9 4th cell detection probability.
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Figure 10 5th cell detection probability.

As can be seen in figure 1 and figure 5, UE within a small cell cluster can detect the strongest cell in single subframe. According to TS 36.133 [4], UE should be able to detect a cell with RSRP ≥-127 dBm and SINR ≥ -6 dB. According to figure 2 and 7, UE can detect two cells with probability of 80 % or so at a SINR of -6 dB in single subframe. In figure 3 and figure 8, UE can detect three cells with probability of 70 % or so at a SINR value of -6 dB. As shown in figure 9, the SINR distribution of the link between UE and the 4th strongest cells is lower than -6 dB, For example, if we relax the performance requirement at -6 dB to that at -7 dB, we can detect four cells with probability of 40 % or so. 
Based on the observations, we may assume UE can detect up to 3 strongest cells in small cell deployment scenario 2a under the legacy requirements for neighbour cell detection performance. Still it should be discussed further how many cells should be detectable with which performance requirements.

In summary, we can find following observations based on evaluation results.

Observation1: UE can always detect the strongest cell.

Observation2: UE can detect two and three strongest cells with probability of 80 % and 70 % or so at a SINR value of -6 dB, respectively.
Observation3: It should be discussed further how many cells should be detectable with which performance requirements.
3 Conclusions

We evaluate the cell detection performance with combined link and system simulation. Based on evaluation results, we obtain following observations:

Observation1: UE can always detect the strongest cell.

Observation2: UE can detect two and three strongest cells with probability of 80 % and 70 % or so at a SINR value of -6 dB, respectively.

Observation3: It should be discussed further how many cells should be detectable with which performance requirements.
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