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1. Introduction

In TR36.932 [1], scenarios for small cell enhancements are provided to improve system capacity and performance, including with/without macro coverage, sparse and dense, synchronized and unsynchronized, co-channel and non-co-channel. In 3GPP RAN1 Session #72, there is intensive discussion on simulation assumptions and the scenarios for evaluation are further simplified into Scenario 1, 2a, 2b and 3 agreed in R1-130856 [2], which are explained as follows.  

Scenario 1: Co-channel deployment for marcocell and outdoor small cells with macro coverage

Scenario 2a: Non-co-channel deployment for marcocell and outdoor small cells with macro coverage

Scenario 2b: Non-co-channel deployment for macrocell and indoor small cells with macro coverage

Scenario 3: Indoor small cells without macro coverage
Small cell discovery is one of important functions 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 this document, performance for small cell discovery using legacy reference signals is evaluated based on the performance metric of detection probability.  Based on the simulation results, a conclusion is drawn in the last section.


2. Performance Comparison and Discussion
To model inter-cell interference in the simulation, one macro cell and ten small cells (in a cluster) are deployed as in Appendix A. For each cell, three legacy signals, PSS/SSS, CRS and CSI-RS, are transmitted with the transmission power listed in Table 2, which is based on outdoor small cell deployment. From our perspective, the discovery signal is designed not only for discovering small cells but also for supporting other functions, for example, synchronization tracking and RSRP/RSRQ measurement in dense small cell deployment. In this paper, we simulate two cases, where link-level simulation parameters are listed in Appendix B. 
· Case I: Performance evaluation of blindly detecting discovery signal

In a homogeneous network, when a UE is out-of-sync, it searches cells by detecting PSS/SSS in the beginning. It is also preferable if the same mechanism can be applied in heterogeneous network as well. However, how does it perform in the environment with high deployment density of small cells? Table 1 shows the results of blindly cell search (timing and frequency are unknown to UE) within one subframe, and “Detection rate” is the probability that SC0 cell-ID is one of the detected cell-IDs in the first 8 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 perform well 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 minimized interference from CRS to data REs, same PSS/SSS may be transmitted in a small cell cluster or all cells within a macro geographical area. In this case, the mechanism to utilize PSS/SSS for the discovery and synchronization tracking for a small cell won’t be feasible anymore and it means that the mechanism should be modified by either utilizing other existing reference signals or newly designed one. Before making decision, the first question to be answered is whether same cell-ID should be applied for all cells within a macro geographical area.
Observation #1: PSS/SSS still perform well in all simulation cases for blindly cell detection and synchronization in dense deployment of small cells.
Next, we assume that UE has already be in-sync status in the LTE system (in the simulation we add residual frequency and timing offset listed in Table 3) and two legacy reference signals, CRS and CSI-RS, within 1 or 2 subframes are simulated to blindly detect transmitted cell-IDs from the 504 possibilities. The results in Table 1 show cell detection missing rate of CSI-RS is 0 according to 1000 trials, and SC0 is almost selected as the highest SINR cell. Compared with CRS, CSI-RS outperforms it, even though CRS has higher density in both time and frequency domain. This is because CSI-RS has higher frequency reuse factor due to RE muting. On the contrary, CRS is interfered by data from other cells though it has reuse factor of six to avoid CRS collisions. More detail simulations should be evaluated to compare these two reference signals, like 6RBs utilization and data rate. 

Observation 2: For blind discovery of small cells, CSI-RS outperforms CRS in most of simulation cases due to frequency reuse factor of 20 with RE muting when 1 or 2 antenna ports are applied and it is beneficial in high deployment density of small cells. However, CRS slightly outperforms CSI-RS in a few simulation cases where the channel delay spread is large.
Table 1. Blind cell search performance of PSS/SSS, CRS and CSI-RS in a heterogeneous network.
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· Case II: Performance evaluation of detecting configured discovery signal 
For small cells with macro coverage, UE supporting dual connectivity may be configured several small cells for discovery from macrocell-layer to enable efficient operation. This is called macro-assisted small cell discovery and it may help UEs to discover their serving small cell without blind detection. In this case, we evaluate the cell detection rate of legacy CRS and CSI-RS with RRC configured cell-IDs in a heterogeneous network. That is, 11 cell-IDs are known to UE, and UE detects the cell-IDs with top 4 SINR among these 11 cell-IDs. The cell detection rate shown in Figure 1 is the probability that one or more cell-IDs with top 4 Tx power are detected. From the simulation results, by detecting 2 subframes the missing rate of CSI-RS is less than 1%; however, for CRS, the detection rate is still not good even though 5 subframes are used.   
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Figure 1. Cell detection rate by using CRS and CSI-RS with 1 to 5 subframes.

In Figure 2, the cell detection rate by using 1 to 5 subframes of 4 highest SNR cells {SC0, SC6, SC5, SC8} is shown. Compared to Figure 1, it is noticeable that for CRS-based cell detection, SC0 missing rate is always less than 0.1%, but for other 3 cells, {SC6, SC5, SC8}, the results are not reliable. So the averaged detection rate is very low. On the other hand, for CSIRS-based cell detection, the missing rate of {SC0, SC6, SC5} is almost less than 1%, and the missing rate of SC8 is less than 2%.
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Figure 2. Detailed cell detection rate by using CRS and CSI-RS with 1 to 5 subframes.

Observation #3: For macro-assisted small cell discovery, CSI-RS outperforms CRS due to high frequency reuse factor with RE muting.  However, CRS slightly outperforms CSI-RS in a few simulation cases where the channel delay spread is large.
Observation #4: Higher RS density of CSI-RS may be helpful for its performance in simulation cases where the channel delayer spread is large. 


3. Conclusion
In this paper, we provide our preliminary evaluation for small cell discovery using legacy reference signals. It is observed that PSS/SSS still performs the best in the interference environment with high deployment density of small cells in blind small cell discovery cases.  However, it requires that each small cell has its own cell-ID and it’s still unclear whether the performance impact on other reference signals and physical channels.  For macro-assisted small cell discovery, CSI-RS outperforms CRS in most of simulation cases except a few cases where the channel delay spread is large. Furthermore, from the preliminary study, we also found that the interference model and corresponding detection algorithm can be critical to the discovery performance.  Therefore, we have the following proposal.

Proposal #1: For fair performance comparison, a common interference model and corresponding detection algorithm should be agreed for further evaluation of discovery signal for small cells.
4. Appendix
A. Cell topology 

One macro and ten small cells are deployed in a heterogeneous network as shown in Figure 3, and the corresponding transmission power, combing with EIRP, antenna gain, path loss, shadow fading and 10MHz noise, are listed in Table 2. 
                                                                                                                     

Table 2. Tx power and rank of each cell.
                   Figure 3. Cells deployment in a heterogeneous network.  
B. Link-level simulation parameters 

Table 3: Link-level simulation parameters (1000 trials)
	Parameter
	Unit
	PSS/SSS
	CRS
	CSI-RS

	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

	Propagation conditions
	-
	EPA5,EVA70,ETU300

	RB utilization
	RB
	6
	25
	25

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

	Max. timing offset 
	CP
	0.5
	0.1
	0.1

	Number of candidates after cell search
	-
	8
	Case I: 8
Case II: 4
	Case I: 8
Case II: 4

	CSI-RS periodicity
	Subframe
	-
	-
	1

	CSI-RS subframe offset
	Subframe
	-
	-
	0

	Note: 
1. For each trial, 11 Cell-IDs are randomly selected without replacement.
2. To compare with CRS, the value of CSI-RS periodicity equals one. 
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