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1. Introduction
In RAN1 #72bis, efficient discovery of small cells was discussed [1]. The evaluation methodology and scenario which were agreed in RAN1 #72bis are listed below:

· 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

· Scenario:

· Scenario 2a with dense deployment of small cells

· Baseline: 1 cluster per cell, 10 cells per cluster; other values can also be evaluated. 

· Synchronisation cases (in order of decreasing priority):

· 1: Synchronized transmission of discovery signal both within and between clusters in the same or different macro cells

· 2: Synchronized transmission of discovery signal within clusters; unsynchronized between clusters

· 3: Unsynchronized

· FFS: Level of synchronization (including timing offset between cells)
In this paper, we evaluate and analyze issues of small cell discovery in scenario 2a with highly dense deployment (1 cluster per macro sector and 10 small cells per cluster). The methodology 1 and synchronization case 1 are adopted. Other details of the simulation assumptions are shown in Appendix. 
2. Discussion on small cell discovery based on legacy signal
2.1. Evaluation of number of identified small cells
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Figure 1 CDF of number of small cells observed by UE
Figure 1 shows the cumulative distribution function (CDF) curves of the number of small cells which are observed or detected based on legacy PSS/SSS signal by UEs. We assume that a cell can be observed by a UE if SINR>-6dB, -9dB and -12dB respectively.
It can be seen that a UE can hardly observe more than 3 small cells with the threshold of -6dB. This is reasonable considering the high interference level in scenario 2a with dense deployment. If the threshold declines to -9dB or -12dB, the number of observable small cells will increase. However, even for the ‘-12dB’ case, the maximum number of observable small cells is 6.
Observation 1: The number of small cells being able to be observed by the UE is limited in scenario 2a with dense deployment.
The performance loss caused by high interference in the synchronized cell case may be more serious than that in unsynchronized case. In the unsynchronized case, the PSS/SSS signal of one small cell may collide with PDSCH or PDCCH/EPDDCH of other small cells. All these channels carry randomly generated data and the SINR can be significantly improved by combining multiple samples of received signal. In the synchronized case, however, the PSS/SSS signal of one small cell will almost exactly collide with other PSS/SSS signals, considering the small radius and the high density of small cells in dense deployment scenario. The maximum time difference of different PSS/SSS signal is seldom larger than half of CP. Besides, for mobile UEs the time period available for combining multiple samples is restricted due to the limited coverage of small cells. All of these could damage the speed and accuracy of small cell detection in dense deployment.
The red curve in Figure 1 is CDF of number of small cells detected based on legacy PSS/SSS. It is better than the ‘-6dB’ curve. The curve shows that nearly 50% of UEs are able to identify 1 small cell. About 40% and 10% of UEs could successfully detect 2 small cells and 3 small cells respectively. It may be impossible to identify more than 3 small cells, at least within the current simulation assumptions, and short measurement interval.
Considering the interference level, it seems difficult to improve the maximum number of identified small cells unless a new method which could accurately detect small cells with about -12dB SINR level is verified. 
2.2. Other issues of small cell dense deployment
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Figure 2 Layout of one drop
Another issue for small cell dense deployment is the possible lack of sufficient physical IDs. As shown in Figure 2, there are 231 cells within an area less than 3 square kilometers, which is the layout of 7 macro sites with 3 sectors per site and one cluster of 10 small cells per sector given in Table A1. Additional small cells which might be deployed by individuals or stores are not included. Allocating so many physical IDs within such a small area may increase the cost of network optimization and correspondingly lead to higher CAPEX/OPEX. As discussed in [2], the lack of physical IDs in small cell dense deployment could also cause cell ID confusion and non-randomized inter-cell interference among the cells with the same cell ID.
The dense deployment may cause serious CRS interference problem if all intra-frequency small cells adopt backward compatible carrier type (BCT) and their transmitted signals are synchronized. This problem could be alleviated by reduced CRS and the position shift in time domain which could be supported by new carrier type (NCT). 
3. Proposed two-step small cell discovery
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(a) CDF of number of identified small cells
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(b) Detection probability

	Figure 3 Comparison of legacy cell search scheme and proposed cell search scheme


As analyzed in [3], considering that the coverage area of each small cell or even a small cell cluster is limited, it could be reasonable to assume the same rough synchronization for all the small cells within a cluster. The time difference among arriving copies of the same signal from different small cells within a cluster could be treated as the delay spread of a multipath channel by the receiver of UEs. With this assumption, a two-level synchronization mechanism could be considered to accelerate the cell identification process. A UE could identify a cluster as a first step and then distinguish small cells within the cluster.
In a two-step discovery scheme, all small cells of a cluster may have a same legacy physical ID and correspondingly transmit the same PSS/SSS signal. The legacy physical ID could be regarded as a cluster ID. Each of these small cells could also have a virtual ID. The virtual ID could be distinguished by other signals’ features, e.g., different position shift or different sequences of reduced CRS or CSI RS.
In this paper, we evaluate a two-step small cell discovery scheme. The different position shift is used to detect virtual IDs of small cells. The evaluation results are shown in Figure 3. The improvement in the correct detection probability can be observed from SINR=-8dB to SINR=0dB. The most gain is about 1dB. Using the current (legacy) approach, only about 10% of UEs can identify 2 or more small cells, with the proposed technique this figure increases to about 15%. A larger increase is observed for detecting 3 cells.
One possible reason for improved detection performance is that the same PSS/SSS signals from different small cells may enhance the received PSS/SSS signal and thus increase the correct detection probability of PSS/SSS signal. Another reason may be that the interference level of reduced CRS in two-step discovery scheme is lower than that of PSS/SSS signal in the legacy mechanism due to the position shift of reduced CRS. The position shift also offers another benefit for the two-step discovery scheme in that reduced CRS of one small cell could collide with random signals of other small cells. Hence, if the measurement time period for combining receiving signals is increased, more cells would be detected and the performance gap between the legacy discovery and the two-step discovery may be further increased.
Another obvious advantage of the two-step scheme is that the required number of physical IDs is decreased. For example only 42 physical IDs are needed (for PSS/SSS) in the same dense deployment scenario if the two-step scheme is adopted with the assumptions in Table A1.
Based on the above discussion and simulation results, modified RS (e.g. reduced CRS) could be effective for enhanced small cell discovery. Although a new discovery signal may further improve the performance, the additional workload to design and evaluate new signals should be justified only if sufficient gains are identified.
Proposal 1: A two-step scheme based on legacy PSS/SSS and reduced CRS should be investigated and evaluated further.

Proposal 2: The introduction of new discovery signal in Rel-12 should be justified only if sufficient gains are identified.
4. Conclusions
In this contribution, we firstly evaluated and analyzed the small cell discovery based on the legacy mechanism in scenario 2a with dense deployment. Then, a two-step small cell discovery scheme is proposed and evaluated in which UEs could identify a cluster as a first step and distinguish small cells within the cluster as a second step. Simulation results show significant performance gain on the cell detection probability is achieved in the low SINR region. Meanwhile the proposed scheme could significantly reduce the requirement of physical IDs, e.g. from 231 to 42 in our simulation.
We have the following proposals and observations:
Observation 1: The number of small cells being able to be observed by the UE is limited in scenario 2a with dense deployment. 
Proposal 1: A two-step scheme based on legacy PSS/SSS and reduced CRS should be investigated and evaluated further.

Proposal 2: The introduction of new discovery signal in Rel-12 should be justified only if sufficient gains are identified.
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Appendix A: 
Table A1 Simulation assumptions
	Parameters
	Macro cell
	Small cell

	Layout
	ISD: 500m, 7 Macro sites, with wrap-round
	

	System bandwidth
	5MHz
	5MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm

	Distance-dependent path loss
	ITU Uma
	ITU Umi

	UE speed
	3km/h

	Fast fading channel between eNB and UE
	ITU Uma
	 ITU Umi

	Antennas
	
	1Tx2Rx

	Number of clusters per macro cell geographical
	1

	Number of small cells per cluster
	10

	Number of UEs 
	60 UEs / Macro cell area

	UE dropping
	· 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.
· 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m

	Radius for UE dropping in a cluster
	70m

	Minimum distances
	· Small cell-small cell: 20m
· Small cell-UE: 5m
· Macro-small cell cluster center: 105m
· Macro-UE : 35m
· cluster center-cluster center: 100m

	Combination period of cell search
	· Legacy discovery (PSS/SSS): 10ms

· Two-step discovery (PSS/SSS/CRS): 10ms
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