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1 Introduction

In RAN#72bis, basic assumptions/metrics for the evaluation of small cell discovery was agreed as quoted below [1].
Agreement for next steps for RAN1#73:
· Metrics for evaluation: 

· UE battery consumption for discovery

· Number of supportable individually identifiable small cells

· Baseline is current number of supported PCIDs

· Identify whether the current number is sufficient

· Number of detectable cells in the chosen scenarios 

· Target FFS for each scenario (or for a given SINR)

· Target false alarm probability FFS
· Detectability as defined in 36.133 for initial evaluation

· Probability of detecting a cell as a function of distance

· Detection time (e.g. taking into account ability to support small cell DTX operation / energy consumption)

· Ability to estimate the signal strength of a small cell

· Overhead

· Impact on legacy UEs

· 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

· 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 provide evaluation results of the cell discovery performance with legacy PSS/SSS structure and suggest potential schemes for further enhancement of the small cell discovery.
2 Enhancement of individual cell detection performance
In current small cell discussion, enhancement of individual cell detection performance is being investigated, especially considering sever interference between small cells [2] in dense small cell deployment scenarios..
We performed link level evaluation of cell detection performance based on legacy PSS/SSS structure, where we tested PSS/SSS detection under multi-cell transmission environments derived from typical UE positions in small cell evaluation scenario 2a with 1 cluster per cell and 10 cells per cluster. General evaluation methodologies are as follows:
· 5 typical UE positions are tested where the positions are located within 14m distance from the center node of a cluster, which is illustrated in figure 1.
· In each UE position, PSS/SSS transmissions from strongest 5 cells are generated while interference from other cells are approximated as white noise, where the average SNR statistics of each position is presented in table 1.

More detailed simulation assumptions are provided in the annex.
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Figure 1.   Tested UE positions in small cell evaluation scenario 2a

Table 1. Average SNR statistics of each link at tested positions

	Cases
	SNR [dB]

	
	1st cell
	2nd cell
	3rd cell
	4th cell
	5th cell

	Position 1
	13.84
	5.63
	3.53
	1.61
	-1.49

	Position 2
	11.51
	10.02
	9.03
	8.67
	4.32

	Position 3
	16.25
	15.66
	8.46
	7.6
	-0.85

	Position 4
	10.99
	6.71
	0.52
	-1.6
	-2.13

	Position 5
	10.43
	0.55
	0.14
	-1.01
	-1.86
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Figure 2. Small cell detection probability
The evaluation results are presented in figure 2 in terms of probability of the number of correctly detected cells. In the result, our observations are as follows:

Observations:
· For all evaluated UE positions, detection of 1st strongest cell is achieved
· Depending on tested UE position, up to 2 strongest cells are detected with probability of 80~30%

· For all tested UE positions, detection probability of 4 or 5 strongest cells is very low ( ~10%)

It should be noted that detection performance would be highly affected by assumptions on the UE detection algorithm and available measurement duration/period, where 5ms measurement instance (e.g. single PSS/SSS subframe) is used for the PSS/SSS detection.

Based on the evaluation results, it can be expected UE can detect a few strongest small cells with a good probability if sufficient measurement gap/period is guaranteed. On the other hand, it is still unclear if detecting one or two strongest cells would be sufficient for small cell deployment since network should have information on the UE’s surrounding small cells for efficient load balancing or ICIC between small cells. Therefore, our conclusion on the evaluation is as follows:

Conclusions:

· UE is expected to detect a few strongest small cells with a good probability with existing PSS/SSS structure if sufficient measurement gap/period is guaranteed
· It should be still investigated further how many strong/adjacent cells are required to be detected for efficient load balancing or ICIC in small cell deployment scenarios
3 Further enhancements on small cell detection

Considering the observation in previous section, it is unclear if design of a new detection signal waveform is necessary to improve the individual cell detection performance. Still, there are potential motivations and possible candidates for further enhancement of small cell detection. 
· Support of reduced measurement instances
If small cell on/off operation is introduced, cell discovery signal frequency in dormant state should be minimized to avoid the unnecessary interference or to maximize the eNB power saving. Moreover, UE measurement period for small cell may have to be enlarged compared with Rel-11 especially for inter-frequency case to minimize the interruption to the communication with the existing serving cell. In both cases, available measurement instances of a UE for small cell detection should be largely reduced.

Given that the UE’s available measurement instances are restricted, a candidate enhancement for small cell detection is UE detecting proximity to a small cell cluster rather than individual small cells. That is, small cells in a same group/cluster may transmit same discovery signal: so that UE can detect small cell groups rather than individual small cells. After detecting small cell group, macro cell layer may provide the UE with assistant information for the individual small cell detection or network may estimate the appropriate serving cell for the UE based on the UE’s sounding.
· ICIC/cooperation between small cells in discovery signal transmission
UE may still have to be able to detect adjacent small cells in high interference situation to support load balancing or ICIC between small cells to achieve a good system throughput. For this purpose, ICIC or network cooperation can be also applicable to the discovery signal transmission between small cells. A simple example is introducing time domain offset in discovery signal transmission between adjacent small cells.

· Support of inter-cell detection

As stated in TR 36.932 [4], one of the goal of small cell enhancement is to allow low-cost deployment, low operation and maintenance tasks by means of such as SON functionality. Thus, it is expected that small cell deployment becomes less structured compared to the macro network. Furthermore, if cell on/off mechanism is introduced in small cell layer, small cell layer topology, interference map, load level, etc change dynamically. For an efficient small cell operation (e.g., load shifting, cell on/off, time-domain ICIC), estimation of small cell layer topology with measurement via air interface would be necessary. Relying on UE measurements and backhaul signaling may not be sufficient for this purpose for the following reasons. First, when a number of UEs is not sufficient (or UE distribution is not well covered throughout small cell layer), UE measurement based network topology discovery may not be enough. Secondly, without discovery signal enhancements or ICIC technique applied, UEs may not be able to detect neighbor cells in a dense small cell layer due to heavy interference particularly when network is synchronized. Therefore, a candidate enhancement is supporting detection/measurement between small cells (or between small cell and macro cell).
Regarding inter-cell measurement mechanism, cell-to-cell RSRP measurement may be supported in Rel-12 TDD system, which is already being discussed in eIMTA [3]. On the other hand, for FDD system, cell-to-cell RSRP measurement will be more challenging since eNB should measure DL carrier so that impact to the specifications and eNB complexity should be discussed further.
4 Conclusions

From the evaluation of small cell detection performance we see the following points:
· UE is expected to detect a few strongest small cells with a good probability with existing PSS/SSS structure if sufficient measurement gap/period is guaranteed

· It should be still investigated further how many strong/adjacent cells are required to be detected for efficient load balancing or ICIC in small cell deployment scenarios
For further enhancement of small cell detection, we suggest the following schemes to be considered:

· Small cell group detection to support reduced measurement instances to reduce UE interruption or to support dormant cell detection,
· ICIC/coorperation between small cells in discovery signal transmission to support small cell detection in high interference situation

· Inter-cell detection to support network management via air interface
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Annex. Simulation assumptions
Table A1. Assumptions for link level simulation
	Bandwidth
	10MHz

	Carrier frequency 
	3.5G

	Channel model and Doppler frequency
	EPA

	Time offset (us)
	Random and uniform timing offset within +/- 4 us for each signal

	Frequency offset (Hz)
	Random and uniform frequency offset within +/- 350 Hz for each signal in addition to the initial offset within +/- 525 Hz at the UE

	UE speed
	3km/h

	Detection threshold
	The detection threshold that can achieve false alarm probability below 0.1 %.


Table A2. Assumptions for system level cell deployment
	Scenario
	Scenario #2a

	Number of macro site
	7

	Total Small cell TX Power
	30 dBm

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline

	Antenna configuration
	2Tx2Rx in DL, cross-polarized
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