3GPP TSG-RAN WG1 #73 
R1-132280
Fukuoka, Japan, 20th May – 24th May 2013
Source:              MediaTek Inc.
Title:                   Performance Evaluation for Small Cell Discovery Using Legacy Schemes
Agenda Item:     6.2.5.2.2
Document for:   Discussion


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 reference signal (DRS) using legacy mechanism in this document.  Based on the evaluation, a conclusion is drawn in the last section.


2. Legacy mechanisms for comparison
In existing cell discovery procedure, an UE first utilizes PSS/SSS for coarse synchronization and candidate cell detection and then makes use of CRS for fine synchronization and the association to the best cell among detectable cells.  This two-step cell detection and association procedure works well for macrocells.  In small cell enhancements, due to severe and diversified interference condition, it’s not clear whether existing mechanisms work the same way as macrocells.  Two mechanisms are considered for evaluation in this document.

Method #1: Utilization of PSS/SSS

· With macrocell coverage, it is assumed that synchronization is done in macrocell layer and UE  utilizes PSS/SSS for the detection of candidate small cells

· Without macrocell coverage, it is assumed that UE utilizes PSS/SSS for both synchronization and the detection of candidate small cells
Method #2: Utilization of PSS/SSS + CRS

· With macrocell coverage, it is assumed that synchronization is done in macrocell layer and UE  utilizes CRS directly for the detection of candidate small cells
· Without macrocell coverage, it is assumed that UE utilizes PSS/SSS for synchronization and then make use of CRS for the detection of candidate small cells
To simplify the simulation works, we consider the case without macrocell coverage in method #1 (asynchronous PSS/SSS detection) and the case with macrocell coverage in method #2 (synchronous detection of CRS).  For the case without macrocell coverage in method #2, the performance can be obtained by jointly considering asynchronous PSS/SSS detection and synchronous detection of CRS. 


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, 
[image: image6.wmf]n

 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
For each cell, two legacy signals, PSS/SSS and CRS, are transmitted with the transmission power listed in Table 1 and link-level simulation parameters are listed in Appendix A. From our perspective, the discovery signal should be able to support both small cell discovery and accurate RSRP/RSRQ measurements for each detected small cell. 

· PSS/SSS
In a homogeneous network, when a UE is out-of-sync, it searches cells by detecting PSS/SSS for cell reselection. It is also preferable if the same mechanism can be applied in heterogeneous network with high density of small cell deployment as well. Table 1 shows the results of blindly cell search (timing and frequency are unknown to UE) within one subframe, and “Detection rate” is defined as the probability that SC0 cell-ID is one of the detected cell-IDs in the first 4 ranks, and “SC0=Rank1” is the probability that SC0 cell-ID is the detected cell-ID at the first rank. It seems that even in high inter-cell interference environment, including macro and other small cells, PSS/SSS still performs well for single cell detection due to good auto/cross correlation properties and UE can accurately estimate coarse time/frequency offset from small cells based on the properties. However, for multiple cell detection, the detection rate of the small cells marked as SC1, SC2 and SC3 decreases significantly, compared to SC0 due to the interference from other small cells. Detection rate improvement may be possible for SC1 if interference cancellation technique is applied. For SC2 and SC3, it may be difficult to further improve their detection rates even with interference cancellation because the corresponding SINR values are already under -11 dB.
Table 1. Blind cell search performance of PSS/SSS in a heterogeneous network.

	Discovery signal
	Channel type
	Detection rate of SC0
	SC0 = Rank 1
	Detection rate of SC1
	Detection rate of SC2
	Detection rate of SC3

	PSS/SSS
(max. freq offset = 15kHz)
(max. timing offset = 0.5CP)
	ETU70
	100.00%
	99.99%
	35.71%
	2.75%
	1.00%


Observation #1: For the discovery of best small cell, PSS/SSS performs very well in all simulation cases even with severe and diversified interference condition. 

Observation #2: For the discovery of multiple small cells, PSS/SSS performs poor for the detection of small cells with 2nd, 3rd and 4th strongest transmission signal strength in all simulation cases. Interference cancellation technique may be beneficial for the detection of the small cell with 2nd strongest transmission signal strength but it may be difficult to improve the detection rates of the small cell with 3rd and 4th strongest transmission signal strength by interference cancellation technique due to low SINR under -11 dB.
· CRS

In the simulation for CRS, it is assumed that UE is already synchronized with the network (in the simulation we add residual frequency and timing offset on 10 small cells, which are shown in the Appendix) and already has prior information about the cell IDs of 10 small cells. SINR-based algorithm is utilized for the small cell discovery.
Figure 3 illustrates the results of cell detection rate. For SC0, there is no missing even though CRS is suffered from high interference of CRS and data from other cells. The missing rate of SC1 accounts for 2.24% in the worst case. With more subframes for combining, the missing rate reduces to 0.03% or less. For SC2 and SC3, the missing detection rate is much higher. With interference cancellation technique, performance improvement for SC2 may be expected. For SC3, it is much more difficult even with interference cancellation due to much lower SINR. Figure 4 illustrates RSRP measurement results and the same observations can be drawn.      
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Figure 3. Cell detection rate by using CRS with 1, 3 and 5 subframes.
From Figure 4, we can observe that the 90% RSRP MSE of SC0 and SC1 is less than 1dB and 5dB, respectively. However, RSRP MSE of SC2 and SC3 for most of cases is higher than 6dB, which doesn’t meet the RAN4 RSRP measurement performance requirement. 
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Figure 4. CDF of CRS RSRP MSE.
Observation 3: For the discovery of small cells, CRS performs very well for the discovery of small cells with top 2 transmission signal strength but the performance degrades for the discovery of small cells with 3rd and 4th strongest transmission signal strength.
 Observation 4: For the RSRP measurements of small cells, CRS performs well for small cells with top 2 transmission signal strength but the measurement performance can’t meet RAN4 RSRP requirements for small cells with 3rd and 4th strongest transmission signal strength.


5. Conclusion
Based on the simulation results and observations in Section 4, the following proposals are concluded as follows.
Proposal #1: For the discovery of small cells, both PSS/SSS and PSS/SSS plus CRS may not be sufficient, especially when the discovery of multiple small cells is required.  New mechanism for small cell discovery should be considered.
Proposal #2: For the RSRP measurements of small cells, PSS/SSS plus CRS may not be sufficient, especially when RSRP measurements for multiple small cells are required. New mechanism for small cell RSRP measurement should be considered.


6. Appendix
A. Link-level simulation parameters 

Table 3: Link-level simulation parameters (10000 trials)
	Parameter
	Unit
	PSS/SSS
	CRS

	Cell identifier
	-
	{0,…, 503}

	System bandwidth
	RB
	25

	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
	-
	EPA5, EVA70 and ETU70

	RB utilization
	RB
	6
	25

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

	Max. timing offset 
	CP
	0.5
	0.1

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