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1 Introduction

In RAN#58, small cell SI [1] was approved to study potential enhancements to improve the spectral efficiency and small cell operation. The following objectives are included in SID related to efficient small cell operations.  

o
Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements,  focusing on considering  multi-carrier deployments in the small cell layer and, dynamic on/off switching of small cells and enhanced interference measurements.

o
Mechanisms for efficient discovery of small cells and their configuration. 
This contribution discusses potential motivations of enhancing small cell discovery and also discusses a few potential enhancements of small cell discovery for efficient small cell operations.
2 Motivations of enhancing small cell discovery
Increased interference in small cell layer: As most beneficial scenarios of small cell deployment is dense deployment of small cells in a hot zone, it is expected UEs in a small cell layer would experience severe interference from neighboring small cells, which is different from the Het Net scenario we studied in previous releases where a macro cell is a dominant interferer for a hot spot. In figure 1, we show the geometry statistics of a UE concerning the 4 strongest small cells in evaluation scenario 2a and 2b, which is compared with the geometry of macro cell only deployment scenario. As shown in the figure, difference in geometry between current small cell scenario and macro cell only scenario is not so big.
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(a) Scenario 2a with 4 cells/cluster                                         (b) Scenario 2a with 10 cells/cluster
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(c) Scenario 2b with 4 cells/building                                 (d) Scenario 2b with 8 cells/building
Figure 1   UE geometry in small cell and macro cell only environments
Nevertheless, it can be inferred reception signal strength of neighbor cells in small cell layer will be stronger than macro cell only case since small cells are very close to each other in dense deployment scenarios. Figure 2 compares normal geometry with SNR assuming no interference among neighbor cells. In case of denser small cells (10 cells per cluster) with scenario 2a, SNR of 3rd, 4th strongest cells are much higher than in macro scenario. In case of scenario 2b, SNR of all the strongest small cells are much higher than in macro scenario, where the difference in 50% CDF is around 20~70dB. The results mean that even a neighbor small cell with a poor reception signal quality can actually have quite strong reception signal strength so that it can be either a strong interferer or a strong candidate for serving cell if UE can detect the cell and an appropriate ICIC technique is applied.
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(a) Scenario 2a with 4 cells/cluster, macro                   (b) Scenario 2a with 4 cells/cluster, small cell
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(c) Scenario 2a with 10 cells/cluster, macro                   (d) Scenario 2a with 10 cells/cluster, small cell
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(e) Scenario 2b with 4 cells/cluster, macro                   (f) Scenario 2b with 4 cells/cluster, small cell
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(g) Scenario 2b with 8 cells/cluster, macro                   (h) Scenario 2b with 8 cells/cluster, small cell
Figure 2   UE geometry compared with SNR (no interference)
Figure 3 shows number of small cells whose SINR is over a given threshold value. The results show that in order to detect
reasonable number of small cells  UE should be able to detect discovery signals with a quite poor SINR quality (for example, UE should be able to detect discovery signal with SINR up to -12 dB to detect 3 cells in a cluster over 20% detection probability in all the scenarios). This means enhancement of the small cell discovery performance can be important to enable UEs to detect neighboring small cells.
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(a) Scenario 2a with 4 cells/cluster                                         (b) Scenario 2a with 10 cells/cluster
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(c) Scenario 2b with 4 cells/building                                 (d) Scenario 2b with 8 cells/building
Figure 3   Number of small cells over given SINR thresholds
Detection between small cells: Since tight cell planning cannot be always expected in small cell deployment, we should seriously consider detection between small cells via air interface for the purpose of cell planning and timing synchronization. Figure 4 shows geometry of small cells where statistics of reception signal quality of neighbor small cells seen by a reference small cell are evaluated (we assumed Umi pathloss model for scenario 2a and InH pathloss model for scenario 2b between small cells). SNR (assuming no interference between neighbor cells) are again compared to estimate the interference level experienced by small cells. Shown in the figures, neighbor small cells detected with a very poor signal quality can have very strong reception signal strength. Considering that first 3 strongest small cells in the figures will be mostly close to each other in a same cluster or building, UE should be able to detect those cells even though their reception signal quality is poor.
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(a) Scenario 2a with 4 cells/cluster                                         (b) Scenario 2a with 10 cells/cluster
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(c) Scenario 2b with 4 cells/building                                 (d) Scenario 2b with 8 cells/building
Figure 4 Small cell geometry compared with SNR (no interference)
Detection of dormant cell: Cell switching on/off is one candidate technique currently under discussion on the interference mitigation in small cell scenarios. Even when a cell is in a dormant state, UE (or small cell) may have to detect the dormant cell since network has to know if a UE (or small cell) is within dormant cell coverage. If dormant cell cannot transmit discovery signal (such as PSS/SSS/CRS in Rel-11) as often as in Rel-11, detection performance of the discovery signal should be enhanced to achieve a requirement of detecting given number of cells/frequencies.
3 Enhancement of small cell discovery

This section discusses a few techniques which can be considered for the enhancement of small cell discovery. 
Enhancement of discovery performance: To enhance the detection/measurement performance of small cells, the following techniques can be considered

(1) Designing a new discovery signal: Coverage of discovery signal can be improved by introducing a new discovery signal, such as PRS, repeated PSS/SSS for small cell.
(2) ICIC/coorperation between small cells: Time/frequency domain ICIC can be introduced for the discovery signal transmission/reception between small cells and UEs. In another way, small cells may coorperate to make a combined discovery signal as in single frequency network.
Support of detection between small cells/macro cells: As already explained, detection/measurement between small cells via air interface can be necessary for the purpose of cell planning and timing synchronization. In the same motivation, detection/measurement of macro cell by small cell via air interface should be also considered.

(1) Detection between small cells: To enable a small cell to detect a small cell, transmission/reception timing  of discovery signal between small cells should be aligned since small cells can be operating in a same carrier frequency. Network may have to configure detection between small cells especially regarding detection time and objects
(2) Detection of macro cell by small cell: A small cell may detect/measure neighbor macro cells in the macro layer frequency. In another way, macro cells may transmit discovery signal in the small cell carrier frequency so that small cells can detect macro cells without additional receiver module.
Support of dormant cell detection: If small cell switching on/off operation is introduced, network has to know proximity between dormant small cells and UEs (or other small cells). In general the following operations can be considered.
(1) UE detects each dormant small cell: Each dormant cell continues to transmit discovery signal. Then, UE reports detected dormant cells to the serving cell.
(2) Dormant small cell detects UE: UE transmits sounding signal. Then, dormant cell reports detected sounding signal to the network.
(3) UE detects small cell group: A group of small cells transmit a same discovery signal. UE detects its proximity with a small cell group and transmits sounding signal so that small cells can report the detected UE to the network.
Further assistant by discovery signal: Discovery signal from small cell may accompany information on the status of the small cell, such as dormancy/cell loading, etc. It should be also considered whether a legacy UE should be prevented from detecting small cells.
4 Conclusion
In this contribution, we observed motivations for the enhancement of the small cell discovery and introduced a few techniques to be considered for the enhancement. We propose the following on the small cell discovery.
Performance of small cell discovery should be enhanced compared to the existing macro cell only or Het Net scenarios. For the enhancement, new discovery signal and/or cooperation between small cells should be studied.

Detection between small cells and between small cells and macro cells via air interface should be supported.

Other aspects such as detection of dormant cells or further assistant by discovery signal for efficient small cell operation considering impact to the legacy UE should be studied further in line with the development of mechanisms for small cell operation.
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Annex
Table 1: Simulation assumptions
	Parameters
	Assumptions

	Scenario
	Scenario #2a
	Scenario #2b (dense)

	Number of macro site
	7
	7

	System bandwidth per carrier
	10 MHz
	10 MHz

	Total Small cell TX Power
	30 dBm
	24 dBm

	Number of clusters/buildings per macro cell geographical area
	1
	1

	Number of small cells per cluster
	4, 10
	4, 8

	Distance-dependent path loss
	ITU model as baseline
	ITU model as baseline

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.
	A UE is an indoor UE if it is located within a hotzone building. Additionally, a UE not located within a hotzone building is classified as an indoor UE with 30% probability.

	Traffic model
	FTP Model 1 as in TR 36.814
	FTP Model 1 as in TR 36.814

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, co-polarized
	2Tx2Rx in DL, co-polarized
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