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1. Introduction

There are two main purposes to support small cell discovery for efficient small cell operation － 1) discovery of small cells in DTX mode; 2) discovery of small cells for load balancing.  Simulation results in [1] have verified that the discovery of multiple small cells for the second purpose is necessary.  However, in dense small cell deployment, the discovery of small cells can be a challenge due to high inter-cell interference.  Though there is no discussion on small cell discovery in 3GPP RAN1 Session #73, evaluation assumptions [2] have been discussed and agreed in the email discussion after 3GPP RAN1 Session #73.  
For performance evaluation, link-level simulation combined with system-level interference profiling is utilized.  This document provides the evaluation results for the small cell discovery using CRS only with Release 11 interference cancellation technique if a new small cell discovery scheme is needed.  Based on the evaluation, a conclusion is drawn in the last section.


2. New mechanism for comparison
In legacy mechanisms, CRS has to be utilized together with PSS/SSS for both time/frequency synchronization and cell detection and then RSRP/RSRQ is measured on CRS for cell association.  CRS actually can be utilized for cell detection without the assistance of PSS/SSS if coarse time/frequency synchronization can be assumed.  In macro-assisted operation, coarse time/frequency synchronization can be assumed and UE can directly utilize CRS for small cell discovery without processing PSS/SSS first.  Since CRS transmission configuration information is bundled with physical cell ID, UE may obtain the information by either blind detection or RRC-layer signaling from the serving macrocell.  However, without the connection with a macrocell, this mechanism may not be able to work well at least for small channel bandwidth. 
For fair comparison with legacy mechanisms, the same number of cell IDs, 504, is utilized in the simulation and frequency reuse rate one is considered, which is the same as existing mechanisms.  For complete evaluation, Release 11 CRS interference cancellation (IC) technique is also considered in the simulation.


3. 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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where 
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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. CDF of the signal strength of top-10 small cells   Figure 2. CDF of the interference level from other small cells
Table 1. Mean signal strength of top-10 small cells and interference level from other small cells
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SC2 -82.1131

SC3

-86.1534

SC4 -90.5538

SC5 -95.5135

SC6 -100.5977

SC7 -105.6623

SC8 -110.9599

SC9 -117.7000

Others -84.1828


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 1 and Figure 2 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 1 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%.


4. Performance comparison and discussion
CRS with interference cancellation technique, is evaluated with the link-level parameters listed in Appendix A. 10 small cell-IDs and residual time/frequency offsets are all unknown to UE. For each cell detection, the correlation of 80 CRS sequences (20 subframes ) are accumulated to detect possible cell-IDs, and then, cancelling the detected CRS sequences from the next received data. The maximum number of measured subframes is 60.
· CRS with interference cancellation and 100% RU
Table 2 shows the cell detection rate of top 8 small cells with 100% RU in small cell layer and “Detection rate” is defined as the probability that detected cell-ID is one of the first 8 ranks. For SC0 and SC1, CRS with interference cancellation works well. However, for SC2 and SC3, seven with interference cancellation, the detection performance remains poor because the corresponding SINR values are already under -9 dB.

Table 2. Blind cell search performance of CRS with 100% RU in a heterogeneous network.
	
	SC0
	SC1
	SC2
	SC3

	Detection rate
	100.00%
	97.50%
	2.00%
	1.40%

	Averaged detection time (subframe)
	20.00
	23.67
	24.00
	22.86


Figure 3 show the results of CDF of CRS RSRP MSE with 100% RU by using one subframe. For SC0~SC3, the detection rate illustrated in Table 2 is used in IC process. 
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Figure 3. CDF of CRS RSRP MSE with 100% RU.
· CRS with interference cancellation and 20% RU

Table 3 shows the cell detection rate of top 8 small cells with 20% RU in small cell layer. It is remarkable that with lower interference from other small cells, cell detection performance for SC2 and SC3 has significant improvement.     
Table 3. Blind cell search performance of CRS with 20% RU in a heterogeneous network.
	
	SC0
	SC1
	SC2
	SC3

	Detection rate
	100.00%
	98.14%
	90.86%
	87.29%

	Average detection time (subframe)
	20.40
	21.47
	23.05
	25.11


Figure 4 show the results of CDF of CRS RSRP MSE with 20% RU by using one subframe. For SC0~SC3, the detection rate illustrated in Table 3 is used in IC process. Compared with Figure 3, the RSRP measurement MSE for four small cells improves significantly due to lower interference level. However, the results still can’t meet the RAN4 RSRP requirement of 90% RSRP CDF under 6dB if there is no assistance of PSS/SSS for time/frequency synchronization and cell detection.  In other words, longer time average for RSRP measurement may be needed.
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Figure 4. CDF of CRS RSRP MSE with 20% RU.
Observation #1: For the discovery of multiple small cells, new scheme based on CRS-only with interference cancellation works well for top-3 strongest small cells when the average cell loading in small cell layer is low.  However, the cell detection performance degrades significantly for 3rd strongest small cell when the average cell loading in small cell layer grows high.

Observation 3: For the RSRP measurements of multiple small cells, new scheme based on CRS-only with interference cancellation is not sufficient.


5. Conclusion
Based on the simulation results and observations shown in Section 4, the following proposals can be concluded.
Proposal #1: Without increasing frequency reuse rate for interference mitigation, CRS is not a good candidate solution for new small cell discovery scheme.

Proposal #2: Without increasing frequency reuse rate for interference mitigation, CRS is not a good candidate solution for small cell RSRP measurement.


6. Appendix
A. Link-level simulation parameters 

Table 4: Link-level simulation parameters (1000 trials)
	Parameter
	Unit
	PSS/SSS
	CRS

	Cell identifier
	-
	{0,…, 503}

	System bandwidth
	RB
	50

	Carrier frequency
	GHz
	3.5

	Data modulation
	-
	QPSK

	CP length
	-
	Normal

	SNR
	dB
	Table 2

	Number of Tx antennas
	-
	1

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

	Number of candidates after cell search
	-
	4

	Propagation conditions
	-
	EPA3

	False alarm rate
	-
	< 0.001

	Total number of measured subframes
	Subframe
	90
	-

	RB utilization
	RB
	50
	50

	Max. frequency offset relative to UE frequency reference
	kHz
	15
	1.875

	Max. timing offset 
	CP
	0.638
	0.1

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

	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 1

	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
	-
	< 0.001

	Total number of measured subframes
	Subframe
	60

	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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