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1. Introduction

Small cell discovery is one of techniques to enable efficient small cell operation.  In dense small cell deployment, the discovery of small cell can be a challenge due to high inter-cell interference.  In 3GPP RAN1 Session #72bis, there was discussion about small cell discovery and agreements were drawn as follows.  

· Metrics for evaluation: 

· UE battery consumption for discovery

· Number of supportable individually identifiable small cells

· Baseline is current number of supported PCIDs

· Identify whether the current number is sufficient

· Number of detectable cells in the chosen scenarios 

· Target FFS for each scenario (or for a given SINR)

· Target false alarm probability FFS
· Detectability as defined in 36.133 for initial evaluation

· Probability of detecting a cell as a function of distance

· Detection time (e.g. taking into account ability to support small cell DTX operation / energy consumption)

· Ability to estimate the signal strength of a small cell

· Overhead

· Impact on legacy UEs

· Begin by evaluating performance of legacy mechanism (i.e. PSS/SSS/CRS)

· If inadequacies are identified with the legacy mechanism, evaluate:

· first, approaches based on modified SS/RS

· second, approaches based on new discovery signal
From the agreements, evaluation is recommended to begin with legacy mechanism and then consider other methods if inadequacies are identified with legacy mechanism.  Initial evaluation results based on one specific system-level topology are provided in [1].  For fair comparison, link-level simulation combined with system-level interference profiling is utilized to evaluate the performance for discovery signal using modified mechanisms based on CSI-RS and PRS.  Based on the evaluation, a conclusion is drawn in the last section.


2. New mechanisms for comparison
In current mechanisms, utilizing CSI-RS and PRS requires RRC connection and RRC-layer signaling to inform a UE related configurations, which may not be available during the phase of small cell discovery.  To utilize CSI-RS or PRS for small cell discovery, it requires new mechanism to inform UEs related configurations.  In this document, we consider two possible mechanisms based on existing ones to utilize CSI-RS and PRS for small cell discovery.
· Method #1: RRC-layer signaling on macrocell layer

· With macrocell coverage, UE can receive RRC-layer signaling to obtain related configurations of discovery signal using CSI-RS or PRS for small cells within the macrocell coverage

· The configuration of discovery signal is adjustable by the networks based on its needs
· Reuse existing RRC-layer signaling is possible

· Method #2: Predefined configuration
· Without macrocell coverage, UE can only obtain related configurations of discovery signal through predefined rule
· This mechanism can be utilized together with method #1 for the network to adjust the related configurations based on its needs
Based on the availability assumption of related configurations for CSI-RS or PRS, both detection rate and RSRP measurement accuracy are evaluated.  For fair comparison with legacy mechanisms, the same number of cell IDs, 504, is utilized for simulation and frequency reuse rate is based on existing mechanisms.  Due to the limitation of supported frequency reuse rate in existing mechanisms, there may be reference signal collision between small cells.



3. Interference profiling
Due to limited time for simulation, the following simulation methodology is adopted in this document to shorten the simulation time.

Step #1: System-level simulation to model the interference profile for link-level simulation

Step #2: Link-level simulation to derive the performance curve based on the interference profile derived in step #1

According to the agreements, Scenario 2a is the targeted scenario for evaluation.  Considering 10 small cells in each macrocell, there are 570 small cells and each small cell contributes interference to other small cells.  To simplify the interference profiling, only signals from small cells with top 10 signal strength are considered and generated in link-level simulation.  The interference from the remaining small cells is considered together with thermal noise as white noise.  The following equation illustrates the method.
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 is the received signal vector by the UE, 
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H

 is the SIMO channel matrix from the nth small cell to the UE, 
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 is the signal vector from the small cell with the strongest signal strength, 
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I

 is the interference signal vector caused by the nth small cell, 
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 is the white noise.
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Figure 1. Considered small cell topology for interference profiling

Figure 1 shows the considered small cell topology for the received signal strength profiling from small cells and Figure 2 shows the CDF of the signal strength of small cells.  Table 1 shows the mean signal strength of small cells in dBm.  For interference modeling, reference signals and OCNG with 100% cell loading are generated with the corresponding signal strength for link-level simulation.  The power density level of 
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 and is modeled as -174 dBm/Hz.
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       Table 1. Mean signal strength of small cells                     Figure 2. CDF of the signal strength of small cells



4. Performance comparison and discussion
Two reference signals, CSI-RS and PRS, are evaluated with the link-level parameters listed in Appendix A.  

· CSI-RS

Figure 3 shows the cell detection rate of top 4 small cells by using CSI-RS and “Detection rate” is defined as the probability that SC0 cell-ID is one of the detected cell-IDs in the first 4 ranks. It is remarkable that the values of detection rate are quite close, especially for the first three small cells. This is because RE muting is applied to all small cells. However, based on the results in Figure 3, the cell detection rate is worse than the results of CRS for the first two small cells due to the reasons given as follows.

· CSI-RS has lower density than CRS. 
· Ideally, there is no interference for CSI-RS. But, interference may be caused by ICI due to timing offset. Some simulation results are shown to demonstrate this reason in Figure 4 without timing offset.       
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Figure 3. Cell detection rate by using CSI-RS with 1, 3 and 5 subframes (with timing offset).
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Figure 4. Cell detection rate by using CSI-RS with 1, 3 and 5 subframes (without timing offset).
Due to mutually RE muting, 90% CDF of CSI-RS RSRP MSE is quite small with the range between 0.5dB and 1.3dB for the top three small cells in different channel models. The difference can be regarded as an implemented issue (a simplified LFP, without optimization for each channel model, is applied to smooth noise). 
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Figure 5. CDF of CSI-RS RSRP MSE.
Observation #1: For the discovery of small cells, CSI-RS has excellent performance to discover up to four small cells cell due to high frequency reuse rate. 
Observation #2: For RSRP measurements of small cells, CSI-RS also has excellent performance to provide sufficiently accurate measurement result due to high frequency reuse rate.
· PRS

With RE muting [2], PRS has less, or no, data interference from other small cells compared with CRS. Compared to CRS, the detection performance for SC0 and SC1 is a little bit worse due to the utilized detection algorithm fine-tune. Without data interference, the received interference is entirely dominated by overlapped (stronger) signal. From our observation, if PRS is overlapped with other stronger PRS signal, its detection accuracy obviously degrades. However, for CRS, the received interference includes all data interference and partial CRS interference from other small cells, which makes performance difference for the detection of SC2 and SC3. 
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Figure 6. Cell detection rate by using PRS with 1, 3 and 5 subframes.

In Figure 7, the flat segment represents the power difference among small cells. For example, the power difference between SC0 and SC1 equals 5.46dB. After LPF, the value reduces to approximate 3.5dB. The three marked sections” comprise about 12% ~ 16% can be easily derived. 
· In the section of “mainly interfered by SC0”, other possible interferences whose power are smaller than SC0’s  could be overlap together, so probability can be derived as (6×6×6)/(6×6×6×6)=16.7%. Note that only top four small cells are considered for the simplification of the equation.
· In the section of “mainly interfered by SC1”, other possible interferences whose power are smaller than SC1’s  could be overlap together except SC0, so probability can be derived as (5×6×6)/(6×6×6×6)=13.9%. Note that only top four small cells are considered for the simplification of the equation.
· In the section of “mainly interfered by SC2”, other possible interferences whose power are smaller than SC2’s  could be overlap together except SC0 and SC1, so probability can be derived as (5×5×6)/(6×6×6×6)=11.6%. Note only top four small cells are considered for the simplification of the equation.
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Figure 7. CDF of PRS RSRP MSE.
Observation #3: For the discovery of small cells, PRS performs very well for the discovery of small cells with top 2 transmission signal strength but the performance degrades a little bit for the discovery of small cells with 3rd and 4th strongest transmission signal strength. Compared to CRS, PRS still performs better in average.
Observation 4: For the RSRP measurements of small cells, PRS performs well for small cells with top 2 transmission signal strength but the performance can’t meet RAN4 RSRP requirements for small cells with 3rd and 4th strongest transmission signal strength. Compared to CRS, PRS shows comparable performance in average.


5. Conclusion
Based on the simulation results and observations shown in Section 4, the following proposals can be concluded.
Proposal #1: High frequency reuse is beneficial for the discovery of multiple small cells. This property should be considered in new mechanism.

Proposal #2: High frequency reuse is beneficial for the RSRP measurements of multiple small cells. This property should be considered in new mechanism.


6. Appendix
A. Link-level simulation parameters 

Table 2: Link-level simulation parameters (10000 trials)
	Parameter
	Unit
	CSI-RS
	PRS

	Cell identifier
	-
	{0,…, 503}

	System bandwidth
	RB
	25

	Data modulation
	-
	QPSK

	CP length
	-
	Normal

	SNR
	dB
	Table 1

	Number of Tx antennas
	-
	1

	Number of Rx antennas 
(uncorrelated with equal gain)
	-
	2

	Propagation conditions
	-
	EPA5,EVA70,ETU70

	RB utilization
	RB
	25

	Max. frequency offset relative to UE frequency reference
	kHz
	1.875

	Max. timing offset 
	CP
	0.1

	Number of candidates after cell search
	-
	4

	CSI-RS periodicity
	Subframe
	1
	-

	CSI-RS subframe offset
	Subframe
	0
	-

	PRS periodicity
	Subframe
	-
	1

	PRS subframe offset
	Subframe
	-
	0

	Note: 
1. For each trial, 11 Cell-IDs are randomly selected without replacement.
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