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1. Introduction

There are three main purposes to support discovery reference signal for efficient small cell operation － 1) enhanced discovery of small cells for efficient small cell on/off operation; 2) enhanced discovery of small cells for load balancing; 3) enhanced UE measurements for efficient small cell on/off operation.  Though most of companies agree that certain enhancements are needed for legacy mechanism in 3GPP RAN1 Session #74, there is no agreement yet on whether to introduce new mechanism for the small cell discovery and measurements.  Some companies think enhanced interference cancellation for legacy mechanism is sufficient.

A new discovery reference signal design based on existing CRS together RE muting mechanism is proposed in this document.  For performance evaluation, link-level simulation combined with system-level interference profiling is utilized.  Evaluation results are provided for the comparison between the legacy mechanism and the proposed one.  Based on the evaluation, a conclusion is drawn in the last section.


2. New mechanism based on CRS plus RE muting
Small cells are deployed to enhance data throughput. However, among such dense small cells environment, how to select an appropriate serving small cell is a challenging issue. Though some companies think that legacy mechanism using PSS/SSS is sufficient for small cell discovery, they only consider from the perspective of small cell discovery and failed to prove whether the measurement efficiency and accuracy is sufficient based on the legacy mechanism using CRS.  From the simulation results in [1], it is evident that interference on CRS due to data transmission from neighboring cells impacts measurement efficiency and accuracy severely even with the technique of CRS interference cancellation.
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Figure 1. Example illustration of CRS port 0 with full and partial RE muting for enhanced small cell discovery and measurement
To mitigate the interference on CRS due to data transmission from neighboring cells, it is proposed to introduce RE muting for data REs in OFDM symbols where there is CRS transmission.  To minimize the impact of RE muting on legacy UEs, RE muting is not applied to the legacy control region and partial RE muting, instead of full RE muting, can be applied to data REs in OFDM symbols where there is CRS transmission.  According to simulation results in [2], RSRP measurement using CRS on small cell layer with 20% average cell loading is able to meet the requirement.  Partial RE muting can be utilized to artificially create interference environment with lower average cell loading.  Whether to apply RE muting is based on network’s decision but the configuration of RE muting and its periodicity should be signaled to UEs for rate matching and small cell discovery/measurements.  With the techniques of CRS interference cancellation and RE muting, interference due to both CRS and data transmission from other small cells can be minimized for efficient small cell discovery and measurements.
In our simulation,, 10 CRSs with one antenna port and randomly Cell-ID assignment, between 0 to 503, are evaluated. In addition, it is assumed that coarse timing and frequency synchronization had been done by PSS/SSS in the beginning and just residual offset values (listed in Appendix II) are left. Furthermore, 100% and 20% Resource Utilization (RU) assumptions of data transmission power are considered for whole small cells, including out-cluster small cells. Three methods of CRS-type cell detection are described as below:
· Cell Detection by CRS

With this scheme, it is obvious that each small cell’s CRS is interfered with 9 sources of interference, including one or multiple CRS(s) and data interference from neighboring small cells. Without any enhancement at receiver design or modifications on current CRS transmission scheme, performance of cell detection might be far too inferior, especially for small cells with much smaller received signal power.       
· Cell Detection by CRS with IC
As mentioned before, CRS suffers from 9 sources of interference. If IC is performed, UE can (partially) cancel CRS with detected Cell-ID.  However, it cannot cancel data interference, which causes severe  performance degradation.    
· Cell Detection by CRS with RE muting

RE muting is proposed to eliminate data interference on CRS symbols, and it could be applied to all data REs or randomly applied to some data REs. For example, if 40% RE muting is adopted, eNB randomly mutes 4 out of 10 data REs. 
Except these three methods, another one to enhance CRS-type cell detection is to utilize IC and RE muting jointly.    


3. Performance comparison and discussion
In this section, we show simulation results of cell detection by using three different schemes and corresponding RSRP, where one CRS OFDM symbol is simulated for all cases. 
· Cell Detection 
· 100% RU. Without any enhance and modification, cell detection rate of SC1 and SC2 is quite low. Even though IC is applied, the performance is not good enough to effectively discover small cells because data interference cannot be cancelled, which can be proved by the results of RE muting.    
Table I.  Performance comparison of three CRS-type cell detection methods with 100% RU

	Cell detection rate
	SC0
	SC1
	SC2

	No Enhancement and Modification
	100%
	77.58%
	8.02%

	IC
	100%
	81.59%
	15.24%

	40% RE Muting
	100%
	88.00%
	39.78%

	100% RE Muting
	100%
	98.15%
	85.68%


· 20% RU. Compared with 100% RU, whole simulation results are better due to lower interference form data, especially for cell detection with IC. On the other hand, RE muting does not have more significant performance gain than “No enhancement and modification” because data interference is reduced by 80%. 
Table II.  Performance comparison of three CRS-type cell detection methods with 20% RU

	Cell detection rate
	SC0
	SC1
	SC2

	No Enhancement and Modification
	99.73%
	97.00%
	84.88%

	IC
	99.97%
	99.76%
	98.33%

	40% RE Muting
	99.74%
	97.05%
	85.39%

	100% RE Muting
	99.74%
	97.15%
	85.29%


· RSRP measurement
· 100% RU. In Figure 2 (a), gaps between different curves are caused by transmission power (listed in Table III). With IC, shown in Figure 2 (b), RSRP MSE is reduced by probability of collision of CRS. For Figure 2 (c1) and (c2), distinct reduced values of RSRP MSE for SC1 and SC2 are mainly gained from RE muting applied on SC0 and/or SC1.   
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Figure 2. CDF of RSRP MSE of three CRS-type cell detection methods with 100% RU
· 20% RU. Due to little data interference, results of RSRP in Figure 3 (a), (c1), and (c2) are almost the same.   
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Figure 3. CDF of RSRP MSE of three CRS-type cell detection methods with 20% RU
Observation #1: Data interference is crucial to both CRS-based cell detection and measurements. Even with CRS IC, there is still large room for enhancements to meet RAN4 requirements when the average cell loading is high.  

Observation #2: With CRS-IC, the performance of CRS-based cell detection and measurements can already meet RAN4 requirements and RE muting may not be needed when the average cell loading is low.


4. Conclusion
Based on the simulation results and observations shown in Section 3, the following proposals can be concluded.

Proposal: CRS plus RE muting should be considered as one of options for further study in the enhancements of small cell discovery and measurement. 

5. Appendix I: Interference profiling

For efficient simulation, the following simulation methodology is used to evaluate the performance of small cell discovery in this document without the loss of generality.

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 two small cell clusters in each macrocell and 10 small cells within each small cluster, there are 1140 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 4. CDF of the signal strength of top-10 small cells   Figure 5. CDF of the interference level from other small cells.
Table III. Mean signal strength of top-10 small cells and interference level from other small cells.
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1000 different small cell topologies and UE locations are used to profile the received signal strength from small cells within the same cluster and the interference level from other small cell clusters.  Figure 4 and Figure 5 show the CDF of the signal strength of top-10 small cells and the CDF of the interference level from other small cells, respectively.  Table III shows the mean signal strength of top-10 small cells and the interference level from other small cells in dBm.  For the modeling of interference from top-10 small cells, reference signals and OCNG with 20% and 100% cell loading are generated with the corresponding signal strength for link-level simulation.  The power density level of 
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 including both background white noise and interference from other small cells is modeled as the linear sum of 
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, where RU is the cell loading of 20% and 100%.


6. Appendix II: Simulation Setting
Link-level simulation parameters are listed as below.

	Parameter
	Unit
	CRS

	Cell identifier
	-
	{0,…, 503}

	System bandwidth
	RB
	50

	Carrier frequency
	GHz
	3.5

	Data modulation
	-
	QPSK

	CP length
	-
	Normal

	SNR
	dB
	Table III

	Number of Tx antennas
	-
	1

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

	Number of candidates after cell search
	-
	8

	Propagation conditions
	-
	EPA3

	False alarm rate
	-
	< 0.1%

	Total number of measured OFDM symbols
	Subframe
	1

	RB utilization
	RB
	50

	Max. frequency offset relative to UE frequency reference
	kHz
	1.875

	Max. timing offset 
	CP
	0.1

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