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1. Introduction
At the RAN1#72bis meeting, performance metrics, the evaluation methodology and scenarios for the evaluation of small cell discovery were agreed, upon [1]. As described in the agreement, a RAN1 evaluation campaign for small cell discovery should take place according to the following plan.
· 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 
· Evaluation methodology: 
· Up to companies to decide between e.g.: 
· Alt.1: 
· Step-0:system level simulation to model the interference profile for link level simulation 
· Step-1: link level simulation to derive the performance curve (i.e., SINR – detection probability) based on the interference profile derived by the Step-0 simulation 
· [FFS] Step-2: system level simulation based on LLS to SLS mapping 
· Alt.2: System level evaluation including link-level signal generation and detection 
In this contribution, we first evaluate the legacy cell search mechanism based on the agreed metrics, evaluation methodologies and scenarios. After confirming an insufficiency in the PSS/SSS-based legacy mechanism in a small cell scenario, we introduce some preliminary results for a potential solution for enhanced small cell discovery based on existing RSs and discuss the potential gains of such enhanced discovery over the legacy mechanism.
2. Interference Modeling for Link Level Simulation
First we analyze the SINR of synchronization signals and SNR characteristics of small cells to generate the interference modeling for a link level simulation (LLS), i.e., Step-1 of Alt.1. Simulation assumptions are basically in line with the RAN1 evaluation assumptions [2]. However, in this contribution we consider only UEs within cluster regions, i.e., within 70 m radius clusters, because such UEs certainly connect to a small cell and probably need to detect not only the best small cell but also other neighboring small cells for various usage cases [3]. We assume scenario 2a with 1 cluster per macrocell and 10 small cells per cluster. In addition, as a worst case for the small cell discovery, the SINR of PSS/SSS in a synchronized network is evaluated in which the PSS/SSS of all cells fully collide with each other.
Figure 1 shows the CDF of the SINR of PSS/SSS and SNR for the top 10 small cells. These results are in line with [4]. If we consider the detection of the second or third small cell, the target SINR for the evaluation drops below -10 dB. Although the SINR of PSS/SSS for small cells except for the first small cell is quite low due to severe interference, the SNR of such non-best small cells is sufficiently high, i.e., the SINR of the PDSCH transmission can be improved by considering some interference coordination techniques. In addition, in terms of the difference in the received signal power, we observe an approximate 3 dB difference between the SNR curves in Figure 1 (b). 
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Figure 1 – SINR of PSS/SSS and SNR characteristics for top 10 small cells 

(Scenario 2a with 1 cluster/macro and 10 cells/cluster)
According to these characteristics, we assume a simple interference model for the LLS as shown in Figure 2. In this model, 10 small cells including 1 detection target cell and 9 interference cells are considered. The Nth interference cell has a 3 dB higher received signal power than the (N+1)th interference cell. The SNR for the target cell is set to 10 dB, i.e., the received signal power of the target cell and the noise power are fixed regardless of the SINR value. When the SINR value is changed, the total interference power and corresponding power of each interference cell are changed. 
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Figure 2 – Simple interference model for LLS 

3. Link Level Simulation Results
Based on the interference model discussed in Section 2, we evaluate the detection probability performance for a given small cell at a certain SINR level as Step 1 of the LLS in Alt.1. In the LLS, multipath fading, timing offset, and frequency offset for each signal are considered. Detailed simulation assumptions are described in the Annex. 
3.1.
Performance of Legacy Mechanism Based on PSS/SSS

In the legacy cell detection mechanism based on PSS/SSS, first the UE searches the reception timing of the PSS by performing a sliding correlation between the received signal and each of the three PSS replica signals. Then, the UE tries to identify the cell ID, CP length, and frame timing based on coherent detection of the SSS. Since the PSS and SSS are transmitted every 5 ms and generally 2 symbols are averaged in both the PSS and SSS detection procedures, this legacy mechanism needs at least 20 ms for the cell discovery procedure, i.e., one-shot detection requires 20 ms if the legacy mechanism is applied. 
Figure 3 shows the detection probability performance of the legacy mechanism when both synchronous transmission and asynchronous transmission of the PSS/SSS among small cells are employed. The following were observed.
· The detection performance in the synchronous case is clearly worse than that in the asynchronous case due to PSS/SSS collision.

· In the SINR range below 0 dB, the detection performance can be improved in return for a longer detection time, i.e., it would be contrary to UE battery savings especially for inter-frequency cell identification.
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Figure 3 – Detection probability performances of legacy mechanism
According to the first observation, it is better to apply asynchronous transmission or a subframe shift to small cells in terms of the cell detection performance. However, such solutions would not apply to TDD operations. Even in FDD operations, they would restrict some efficient operations achieved by synchronous transmission, or increase the cell planning effort to apply the appropriate shift pattern to each small cell. In addition, regarding the second observation, the legacy mechanism does not seem suitable for the detection of low SINR cells in terms of the UE battery savings. As described in [3] and [5], the second and third small cells should be detected for efficient operations and attractive usage cases in dense small cell deployment scenarios, and such small cells to be detected would have low SINRs, e.g., -10 dB, as shown in Figure 1 (a). 
Here, we summarize our observations and a proposal based on the evaluation results.
Observation 1: The legacy discovery mechanism based on the PSS/SSS exhibits the following detection performance in a dense small cell deployment.
· The detection performance in a synchronous case is clearly worse than that in an asynchronous case due to PSS/SSS collision.

· In the SINR range below 0 dB, the detection performance can be improved in return for a longer detection time, i.e., it would be contrary to UE battery savings especially for inter-frequency cell identification.

Proposal 1: RAN1 should study enhanced small cell discovery because the legacy mechanism does not seem sufficient in dense small cell scenarios in terms of the UE battery savings.

· If RAN1 confirms a gain from efficient operations and usage cases in which multiple small cells must be detected, this motivation becomes more obvious.
3.2.
Potential Gain of Enhanced Discovery Based on Existing Reference Signal
In order to improve the UE energy efficiency for small cell discovery, one possible approach is the synchronized transmission of a discovery reference signal (RS) among small cells. As shown in Figure 4, this approach can minimize the search window size and hence improve the UE energy efficiency for discovery. This improvement would be very beneficial especially for inter-frequency cell identification. If we assume network assistance, e.g., macro cell-assistance, such network assistance can provide to the UE rough timing of the discovery RS reception, candidates for small cell IDs and/or configurations for discovery RSs.
Based on this possible example of the enhanced small cell discovery, we confirm the potential gain of the enhanced discovery. In this contribution, the CSI-RS or positioning RS (PRS) is used as a discovery RS. In the CSI-RS case, each small cell within a cluster transmits the CSI-RS of a different configuration pattern and mutes the CSI-RS resources for all other configuration patterns. Therefore, discovery RSs within a cluster are fully orthogonal. In the PRS case, each small cell transmits the PRS with subcarrier shifts of reuse factor 6 according to the physical cell ID (PCI). In our simulation, the PCI for small cells is randomly assigned and no PCI collision/confusion is assumed. Although the synchronized transmission of the CSI-RS or PRS is assumed, we consider a certain level of timing offset and frequency offset among received signals from different small cells [3]. Unlike the legacy mechanism in which the PSS/SSS is transmitted in the six middle PRBs, we assume the transmission of the CSI-RS or PRS over the full system bandwidth, i.e., 50 PRBs.
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Figure 4 – Possible solution to improve UE energy efficiency for small cell discovery
Figure 5 shows a comparison of the detection probability performance between the legacy and enhanced discovery mechanisms. The results show that the enhanced discovery mechanism based on the CSI-RS or PRS achieves a significant gain in the detectable SINR despite a very short search window such as 1 ms. However, considering other performance metrics such as the number of supportable IDs and the ability to support an asynchronous network without an increase in UE effort, some modification of the existing RS or new discovery signal may need to be studied.
Observation 2: The enhanced discovery mechanism based on synchronized transmission of the CSI-RS or PRS achieves significant gains in terms of UE battery saving and detectable SINR range.
Observation 3: Considering other performance metrics such as the number of supportable IDs and the ability to support an asynchronous NW without an increase in UE effort, some modification of the existing RS or new discovery signal may need to be studied.
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Figure 5 – Performance comparison between legacy and enhanced mechanisms
4. System Level Simulation Results
In addition to the results in Section 3 based on Alt.1, the system level simulation results based on Alt.2 are shown in this section. We evaluate the performance of the number of detected cells for UEs within cluster regions based on the legacy mechanism and enhanced discovery mechanism. In the system level simulation, we generate link level signals for only small cells that have an SNR greater than -15 dB. As shown in Figure 6, the enhanced discovery mechanism using the CSI-RS or PRS achieves a larger number of detected cells than the legacy mechanism using the PSS/SSS despite the very short search window. Although the target number of detectable cells is not clear yet, we confirm an additional potential gain for the enhanced discovery mechanism, i.e., a larger number of small cells can be detected by one-shot detection.
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Figure 6 – Performance of number of detected cells
5. Conclusion

In this contribution, we presented our evaluation results for small cell discovery. 
Observation 1: The legacy discovery mechanism based on the PSS/SSS exhibits the following detection performance in a dense small cell deployment.
· The detection performance in a synchronous case is clearly worse than that in an asynchronous case due to PSS/SSS collision.

· In the SINR range below 0 dB, the detection performance can be improved in return for a longer detection time, i.e., it would be contrary to UE battery savings especially for inter-frequency cell identification.

Proposal 1: RAN1 should study the enhanced small cell discovery because the legacy mechanism does not seem sufficient in dense small cell scenarios in terms of the UE battery savings.

· If RAN1 confirms a gain from efficient operations and usage cases in which multiple small cells must be detected, this motivation becomes more obvious.

Observation 2: The enhanced discovery mechanism based on synchronized transmission of the CSI-RS or PRS achieves significant gains in terms of UE battery saving and detectable SINR range.
Observation 3: Considering other performance metrics such as the number of supportable IDs and the ability to support an asynchronous NW without an increase in UE effort, some modification of the existing RS or new discovery signal may need to be studied.
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Annex A.  Simulation Assumptions for Discovery Performance Evaluation
For the evaluation of small cell discovery, we employed both a link level simulation and a system level simulation. The system level and link level simulation assumptions are summarized in Table A1 and Table A2, respectively. The UE dropping model is different from the RAN1 evaluation assumption [2], because we consider UEs within cluster regions as UEs of interest in terms of the small cell discovery.
Table A1. System Level Simulation Assumptions for Small Cell Discovery
	System parameters 
	Macro layer assumptions
	Small layer assumptions

	Center frequency 
	2 GHz 
	3.5 GHz 

	Deployment model 
	7 macrocell sites, 3 sector per site, Hexagonal (ISD = 500 m) 
	1 cluster per macrocell, 10 small cells per cluster, uniform/random within cluster (50 m radius) 

	PL/shadowing model 
	ITU UMa (3D distance) 
	ITU UMi (3D distance) 

	Total Tx power 
	46 dBm 
	30 dBm 

	System bandwidth 
	10 MHz 
	10 MHz 

	Tx antenna model
	3D, 25 m height, 17 dBi 
	2D, 10 m height, 5 dBi 

	UE dropping 
	Uniform/random within cluster (70 m radius), 20 % outdoor and 80 % indoor, 30 UEs per cluster 

	UE model 
	1.5 m height, 0 dBi, 9 dB noise figure 


Table A2. Link Level Simulation Assumptions for Small Cell Discovery
	Link parameters 
	Assumptions

	Multipath fading model 
	Extended Pedestrian-A (EPA) model, 3 km/h UE velocity

	Timing offset 
	・Synchronous case: +/- 4 µs
・Asynchronous case: +/- 10 ms 

	Frequency offset 
	Between cells: +/-0.1 ppm, Between UE and cell: +/- 3 ppm 

	Signal model 
	Full buffer (random QPSK data except for the explicitly-modeled CRS), 6 PRBs for PSS/SSS based detection, 50 PRBs for CSI-RS or PRS based detection 

	Antenna configuration
	2 Tx (small cell) antennas and 2 Rx (UE) antennas

	Detection threshold
	For each detection mechanism, the detection threshold is decided so that the false alarm probability is below 0.1 %
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