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1. Introduction
Since RAN1 #72, the on/off operation of small cells which could be utilized for interference avoidance and coordination as well as energy saving has been discussed. Another focus of interest for small cells is how to efficiently and quickly discover enough small cells in hyper dense deployment scenarios. Considering the possible use of small cell on/off operation, small cells to be discovered could be active or dormant. In this contribution, the mechanism of small cells discovery is discussed in the section 2 and the number of detectable small cells are analyzed in section 3.
2. Discussion on mechanism of small cell discovery
2.1. The unified design of small cell discovery
Though the optimal design of a small cell discovery signal may depend on the particular small cell deployment scenario, one common discovery signal and mechanism is desirable to simplify the specification and UE behaviors.
Small cells to be discovered could be either in an active mode or in a dormant mode. The cell discovery of an active cell in Rel-12 may take a UE tens of milliseconds of observation/measurements if the legacy PSS/SSS is utilized and no assistance information is available for the UE. Tens of milliseconds may be too long for a dormant small cell to save its energy. Moreover, such a long duration could reduce the flexibility and benefits of the on/off operation. For simplicity we could assume that the same discovery signal is used in both active mode and in a dormant mode, but with a longer periodicity in dormant mode. For example, 1ms measurement duration with a periodicity of 100ms might be acceptable to a dormant small cell as discussed in [1] and [2]. To support one-shot discovery which should be guaranteed by high detection probability, some enhancements able to improve the SINR of the discovery signal may be necessary.
Proposal 1: A unified design of small cell discovery may be needed for both active and dormant cells.
2.2. Small cell discovery in an active mode

A cell discovery can be viewed as a two-stage operation. A UE detects cells and identifies their IDs first and then measures the identified cells to evaluate the power of the received signal from these cells and the interference level, which correspond to RSRP and RSRQ respectively.
According to the discussions in previous RAN1 meetings, some candidate discovery signals are listed as below:

· PSS/SSS

· PSS/SSS +CRS

· PSS/SSS+CSI-RS
Although UEs could in principle discover an active small cell only based on CRS/CSI-RS if its serving cell provides it with some assistance information, in order to accelerate the discovery and improve the reliability of the discovery, PSS/SSS should appear as at least part of the discovery signal. PSS/SSS could offer UEs an ability to detect and measure a small cell even if the UE has no assistance information about the cell.
In the ‘PSS/SSS +CRS’ and ‘PSS/SSS +CSI-RS’ schemes, CRS and CSI-RS signals are cell-specific, while PSS/SSS signal could be either cell-specific or cluster-specific. If PSS/SSS is cell-specific a UE without any assistance can discover a cell in a legacy way. If the UE has already learned the cell ID and rough synchronization information of a certain cell, PSS/SSS is unnecessary, whereas the CRS/CSI-RS could be utilized by the UE to detect the existence of the cell and help the UE to achieve a precise synchronization. 
If the PSS/SSS is cluster-specific, all small cells in a cluster transmit the same PSS/SSS and have a unique legacy cell ID. These small cells could be distinguished by different virtual IDs which may be characterized by different sequences or positions of CRS/CSI-RS. Compared with cell-specific PSS/SSS, cluster-specific PSS/SSS may enjoy higher SINR, because some signals which are regarded as interferences in the ‘cell-specific PSS/SSS’ case are turned into useful signals in the ‘cluster-specific PSS/SSS’ case as shown in the functions (1) and (2).
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Besides being a discovery signal, CRS/CSI-RS can also be taken into account as a measurement signal.
2.3. Small cell discovery in a dormant mode

All cells detectable to a legacy UE are cells in active mode. Just reporting a discovered active cell without any evaluation may be meaningless to both a UE and its serving cell. Hence, even if a legacy UE detected a cell, the UE would not report to its serving cell about this detection unless the measurement of this cell is completed.
However, if the detected cell could be identified to be a dormant cell, the clear detection report without any evaluation results may become useful. A dormant cell could transmit only the discovery signal with a long period and not transmit any measurement signal at all. Only after it is informed that it is detected by a certain UE and its measurement signal is required, the dormant cell starts transmitting the measurement signal. Separately transmitting a discovery signal and a measurement signal could reduce interference and save the energy of eNBs in a dormant mode. The details of the two-step discovery process of a dormant cell are shown in Figure 1.
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Figure 1 Two-step discovery of dormant small cells
Proposal 2: The above two-step discovery mechanism of dormant small cells should be considered, where the measurement signal is transmitted only after the small cell is discovered by a certain UE.

As discussed in 2.1, a unified discovery signal is beneficial to the simplification of both specification and UE behavior. All of the three candidate discovery signals shown in 2.2 are detectable even if the detection duration is only 1ms.
One-shot discovery of dormant small cells requires very high detection probability. This requirement may not be completely met by selecting a proper discovery signal alone, but also by other SINR improvement means, such as power boosting, interference avoidance and coordination. The contributions [2] and [3] showed that although the CRS REs are denser than CSI-RS REs, if one small cell employs a NZP-CSI-RS as a discovery signal and other small cells are muting on the same positions by ZP-CSI-RS, the detection probability based on CSI-RS would be higher than that based on CRS. Because CRS and CSI-RS could be shifted along both frequency domain and time domain, both of them can be configured to mitigate mutual interference, even with synchronized cells. Compared with CRS and CSI-RS, it is quite difficult to coordinate the interference among ‘cell-specific PSS/SSS’s because the ‘cell-specific PSS/SSS’ signal of all cells are different from each other and may exactly collide with each other if all small cells are synchronized. While, ‘cluster-specific PSS/SSS’ has no problem like this.
3. Analyses on the number for detectable small cells in hyper dense deployment
In RAN1 #73 meeting, ‘How many small cells could be discovered by UEs’ and ‘How many discovered small cells for one UE are enough’ are the main concerns under the small cell discovery topic [4]-[7].
To study the first problem, the RSRP/SINR distributions of small cells and the distributions of the number of detectable small cells are investigated based on SLS drops which include small cell positions, UE positions, UE types (indoor or outdoor) and lead to the received signal power at the UE side. To provide some evidence to judge the second problem, the distributions of the number of detectable macro cells are investigated as well by using the same methodology as for the small cell investigation.
In typical contributions of RAN1 #73 where no realistic small cell discovery process is included [8]-[10], the cells RSRP of which are larger than or equal to -127dB and SINR of which are larger than or equal to -6dB are considered as detectable small cells. In this contribution, when detectable small cells are investigated, the same threshold of RSRP is reused but the range of thresholds of SINR assumed to correspond to detectable cells is extended to ‘-6dB’, ‘-9dB’, ‘-12dB’ and ‘-15dB’.
3.1. Methodology

To investigate the potential performance of small cell discovery, UEs are considered as observation points. To simplify the investigation, we assume that UEs have no particular serving cell in the small cell frequency band. This would be equivalent to cases where a UE has just been turned on, or the serving cell of a UE is at another frequency. So in this contribution, for the purpose of analyzing cell discovery, UEs are not divided into ‘small UEs’ and ‘macro UEs’. Instead, the minimum distance between a UE and its nearest small cell is taken into account as a metric by which UEs could be classified. All UEs are regarded as equivalent observation points and no cell association is considered.
The simulation conditions are given in Annex A Table 1. To improve the reliability of the investigation, ten random SLS drops are utilized. Both the ‘4 small cells per cluster’ case and the ’10 small cells per cluster’ case are considered.
3.2. RSRP, SINR and number of detectable small cells
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	Figure 2 RSRP distributions of the ‘4 small cell per cluster’ case
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	Figure 3 RSRP distributions of the ‘10 small cell per cluster’ case


Figure 2(a) and Figure 3(a) show the RSRP distributions of small cells observed by all UEs in the ‘4 small cell per cluster’ case and the ‘10 small cell per cluster’ respectively. From right to left, the curves belong to the 1st to 10th strongest small cells. The larger minimum distance between a UE and small cells the smaller RSRP the UE may observe. The almost worst case situations are shown in Figure 2(b) and Figure 3(b), the RSRP distributions of small cells observed by those UEs for which the minimum distance to a small cell is larger than 200 meters.

It can be seen in Figure 2(b) and in Figure 3(b) that even if a UE is far away from all small cells, by more than 200 meters, the RSRP of the 10th strongest small cell observed by this UE has almost no chance to be smaller than -127dB. It seems that the requirement for sufficient RSRP will not impact the number of detectable small cells.
Observation 1: Under the assumptions listed in Annex A Table 1, even the RSRP of the 10th strongest small cells observed by UEs has almost no chance to be smaller than -127dB. It seems that RSRP will not impact the number of detectable small cells.
Figure 4 and Figure 5 in Appendix A provide the SINR distributions of small cells observed by UEs in the ‘4 small cell per cluster’ case and the ‘10 small cell per cluster’ respectively. It should be noticed that not only the UEs within hot spots but the UEs far away from the hot spots could discovery and may be served by a small cell. According to Figure 4(b) and Figure 5(b), even if a UE is away from all small cells more than 200 meters, the SINR of the 1st strongest small cell the UE observes could be almost always larger than -6dB. In the meanwhile, the RSRP of this 1st strongest small cell is not always low, which could be larger than -80dB with a probability of about 60% for both ‘4 small cells per cluster’ and ’10 small cells per cluster’ cases according to the figures shown in Figure 2(b) and Figure 3(b).
Observation 2: UEs far away from small cell areas could discover, and may be served by, a small cell.
Figure 6(a) and Figure 6(b) in Appendix A show the CCDF curves of the number of small cells detectable to UEs. To provide a reference to judge if the number of detectable small cells is enough or not, some CCDF curves of the number of detectable macro cells are given in Appendix A Figure 6(c). Similar to the investigation on small cells, when the number of detectable macro cells is calculated, it is assumed that UEs have no particular serving cell in the macro cell frequency band and only the cells RSRP of which are larger than or equal to -127dB are considered. 
Comparing Figure 6(a), Figure 6(b) and Figure 6(c), there is no essential difference of numbers of detectable cells among these figures. It is known that legacy UEs are required to discover at least 8 cells at one frequency point in a meanwhile. In Figure 6(c), however, there are only one or two macro cells able to be discovered if the SINR threshold is fixed to -6dB. This may be because of the assumption of ‘full buffer’ and/or the absence of an interference avoidance and coordination technique. So it might be concluded that the number of detectable small cells is not significantly different, and discovery issues are at least not obviously worse than that of macro cell case with the assumption of ‘full buffer’ and without interference avoidance and coordination techniques.
Observation 3: The number of detectable small cells is not significantly different to that of macro cell case with the assumption of ‘full buffer’ and without techniques of interference avoidance and coordination.
4. Conclusions
In this contribution, the mechanism of small cells discovery is discussed first. To simplify both specification and UE behavior, a unified design of small cell discovery may be needed for both active and dormant cells. For example, we could assume that the same discovery signal is used in both active mode and in a dormant mode, but with a longer periodicity in dormant mode. Also, a two-step discovery mechanism is proposed for dormant small cells, where a measurement signal is transmitted by a small cell only after the small cell is discovered by a certain UE. Separately transmitting a discovery signal and a measurement signal could reduce interference and save the energy of eNBs in a dormant mode. In this respect, we have following proposals:
Proposal 1: A unified design of small cell discovery may be needed for both active and dormant cells.
Proposal 2: The proposed two-step discovery mechanism of dormant small cells should be considered, where the measurement signal is transmitted only after the small cell is discovered by a certain UE.

To study the problem that ‘How many small cells could be discovered by UEs’, the RSRP/SINR distributions of small cells and the distributions of the number of detectable small cells are investigated based on SLS drops. Besides, to provide some evidence to judge the problem of ‘How many discovered small cells for one UE are enough’, the distributions of the number of detectable macro cells are investigated as well by using the same methodology as for the small cell investigation. We have some observations as below:
Observation 1: Under the assumptions listed in Annex A Table 1, even the RSRP of the 10th strongest small cells observed by UEs has almost no chance to be smaller than -127dB. It seems that RSRP will not impact the number of detectable small cells.
Observation 2: UEs far away from small cell areas could discover, and may be served by, a small cell.
Observation 3: The number of detectable small cells is not significantly different to that of macro cell case with the assumption of ‘full buffer’ and without techniques of interference avoidance and coordination.
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Appendix A
Table A1 Simulation assumptions
	Parameters
	Macro cell
	Small cell

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

	Carrier frequency
	2.0GHz
	3.5GHz

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

	Distance-dependent path loss
	ITU Uma
	ITU Umi

	Antennas
	1TX, 1RX
	1TX, 1RX

	Number of clusters per macro cell geographical
	1

	Number of small cells per cluster
	4/10

	Number of UEs
	180 UEs / Macro cell area (3780 in total)

	UE dropping
	•1/2 UEs randomly and uniformly dropped within the clusters, 1/2 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

	Traffic
	Full Buffer
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(b)

	Figure 4 SINR distributions of the ‘4 small cell per cluster’ case
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(b)

	Figure 5 SINR distributions of the ‘10 small cell per cluster’ case
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(c)

	Figure 6 SINR distributions of the ‘10 small cell per cluster’ case
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