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1 Introduction
Efficient operation is one objective of small cell enhancement study item, which is to ensure the operation in small cell cluster. The mechanism of this topic includes [1]:
·  Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration.
As the conclusion of RAN#61, RAN1should focus on the topics below, 
· ...
· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
· …

In this phase of study, RAN 1 should narrow down the solution candidates. According to the conclusion of RAN plenary [2], we discuss the functions of discovery signals and operations related with discovery. And simulation results both considering the SLS and LLS are provided at the last part.
2 SINR of small cell discovery signal
Discovery enhancement may be beneficial for efficient operations for small cell, such as 

· Quick discovery, shorten the procedure of HO and save the power consumption

· Discovery more small cells, facilitating the cell selection and interference avoidance operations

· Dormant cell discovery, e.g., in small cell scenarios, some base station could turn into the dormant state if there is no subscriber in the coverage. This kind of base station should be discovered by UEs and could be awaked if it is necessary.
· Autonomous configuration of small cells, which can reduce the cost/complexity of manual configuration for small cells.
Figure 1and 2 illustrate the small cell UEs’ RSRP and SINR under the coverage of small cell in scenario #2a[2], which shoes that the interference condition is very different from the conventional homogeneous and heterogeneous network. Because small cell located so close to each other, the interference between them is so severe. Therefore, the cell discovery would be quite difficult for this kind of SINR.
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Figure 1 RSRP of small cells in scenario #2a
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Figure 2 SINR of small cells in scenario #2a


Each line in the Figure1 and 2 represents the RSRP/SINR measurements of UE, which is associated with the X-th strongest small cell from RSRP perspective. The SINR margin between the 1st and the 2nd strongest RSRP cell is significant. For the small cells with the 2nd or 3rd strong RSRP, the SINR are lower than 0 dB and the 5% CDF part could reach -25dB or worse. In this scenario, it is very challenging for UE to complete initial access with legacy synchronization signals, compare to the existing assumption defined in TS 36.133 as follows,
· SCH_RP>=-127dBm and SCH Es/Iot>=-6dB

· CRS RSRP>=-127dBm and Es/Iot>=-6dB

· 800ms detection time including 200ms CRS RSRP measurement period
It is high probability that UEs can discovery or access to the 1st strongest RSRP small cells. But for the 2nd and 3rd strongest small cells, UEs have to try to complete synchronization with more times. Multiple detections could raise the probability of synchronization. But the cost is that multiple detections will bring longer delay and more power consumption. 

Several mechanisms are proposed to reduce the interference within the small cell cluster, such as small cell on/off and enhanced UL power control. The SINR performance of small cell using the method of small cell on/off as an example is illustrated in Figure 3. Each line shows the SINR of the Xth strongest RSRP. For simplicity, the small cells which have no subscribers will be turn off. 
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Figure 3 The first 5 RSRP small cells’ SINR in small cell on/off scenario
Almost 3 dB SINR improvement can be achieved through this on/off mechanism. And for the 2nd and 3rd strongest small cells, 20% of the UEs could reach the SINR higher than 0 dB. But most 2nd strongest small cells will suffer from the SINR below -6dB, which means cell detections will cost more than 55ms[3]. If the discovery target requests more than 3 cells, this improvement is not enough either. So the emphases of discovery enhancement should be on the modified SS/RS or new discovery signal design.
Proposal 1:

Enhancement of cell discovery signal is needed, especially considering 3, 4, 5 cell discovery is needed.

3 The target number of discovered small cells
As many companies proposed [5], 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 [6] 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.  
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Figure 4 The probabilty 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.

The second alternative uses the absolute values to configure the target set. In the alternative 2, the target cells should satisfy the lowest RSRP threshold of -127dBm and within the range of top N RSRP small cells. This method is looser than the first alternative, as most UEs under the coverage of small cells can achieve the lowest threshold. 

According the values listed above, most UEs under the coverage of small cells could be above the RSRP threshold of -127dBm. And the last limitation of this alternative is the number N. This parameter N could be configured according various assumptions. So the target number of discovered cells can be set from 3 to 10 in scenario #2a.

Observation 1:

According to the alternative1，the number of small cell in the target set could be in the range of [3~5].

According to the alternative2，the number of small cell in the target set could be in the range of [3~10].

4 Enhancement of Small cell discovery
There are many ways to enhance the small cell discovery, e.g., to reduce the interference by power control and/or interference avoidance, or to enhance the discovered signal. According to the working assumptions from RAN1#73, if the legacy mechanism of PSS/SSS/CRS cannot satisfy the requirement of small cell discovery, the next steps should be as follows,

· first, approaches based on modified SS/RS

· second, approaches based on new discovery signal
Multiple transmissions of SS can improve the detection probability, e.g., repetition of the SS in multiple subframes. But repetition in multiple subframes will increase the detection processing time. The time for cell identification may exceed 800ms at the condition of -12db SINR [3]. Such delay will lead the UE to consume more power. Other ways is still possible, e.g., extend the sequence in frequency domain. The increased length of sequence could improve one-time success rate of detection. 

In this section, we provide more simulation results as the supplementation of previous proposal [4]. The simulation steps are as below,

Step 1: system simulation with small cell scenario 2a provides the Geometry and RSRP for each small cell. We mainly consider the UEs dropped near the small cell clusters.

Step 2: link level simulation provides the detection probability at different sample numbers.
Step 3: calculating UEs’ detection probability at different positions.
The detection probability of different sample numbers is illustrated in Figure 5, which is got from the link-level simulations. The mechanism is based on the legacy synchronization procedures. 
Figure 5
the detection probability of legacy PSS/SSS for different sample numbers
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Considering the system simulation results, the detection probability are provided as follows,







Table 1 Detection probability of small cell using legacy PSS/SSS
	Number of measurement samples for PSS/SSS
	Detection probability

	
	1st cell
	2nd  cell
	3rd cell
	4th cell
	5th cell
	6th cell

	1 sample

	72.92%
	35.13%
	19.90%
	12.31%
	7.98%
	5.74%

	2 samples

	80.89%
	45.23%
	27.61%
	18.04%
	12.53%
	8.99%

	4 samples
	91.35%
	62.41%
	39.37%
	25.83%
	18.00%
	12.89%

	8 samples
	95.36%
	65.46%
	51.79%
	35.40%
	24.71%
	17.77%


Proposal 2: Small cell discovery should consider increasing the density of legacy PSS/SSS signal in time domain and/or frequency domain.
5 Conclusion

In this contribution, we discuss the functions of discovery signals and operations related with discovery and provide simulation results on detection probability. The following observations and proposals are provided as follows,
Observation 1:

According to the alternative1，the number of small cell in the target set could be in the range of [3~5].

According to the alternative2，the number of small cell in the target set could be in the range of [3~10].

Proposal 1: Enhancement of cell discovery signal is needed, especially considering 3, 4, 5 cell discovery is needed.
Proposal 2: Small cell discovery should consider increasing the density of legacy PSS/SSS signal in time domain and/or frequency domain.
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Annex: 
Table 2  Link level simulation assumption
	Parameters
	Values and Notes

	Test Bandwidth
	10 MHz

	Center frequency
	3.5GHz

	Frequency offset
	No 

	False alarm 
	0.1%

	Propagation conditions
	Extended Pedestrian-A (EPA) model, 3km/h UE velocity

	Correlation matrix and antenna configuration
	2×2 Low

	Signal model 
	Full buffer (random QPSK data except for the explicitly-modeled CRS), 6 PRBs for PSS/SSS based detection

	Different assumptions from Annex A.4 in [3]
	SINR vs. Detection probability curve is derived by AWGN channel








� The pathloss mode for small cells is UMi � REF _Ref363797322 \r \h ��[2]�. And the pathloss calculation is considered as follows � REF _Ref363797550 \r \h ��[4]�. 


UMi LoS


� EMBED Equation.DSMT4  ���            � EMBED Equation.DSMT4  ���


� EMBED Equation.DSMT4  ��� ,  � EMBED Equation.DSMT4  ���


UMi NLoS


� EMBED Equation.DSMT4  ���        � EMBED Equation.DSMT4  ���
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