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1 Introduction
In RAN1#72bis, the following agreements were made on small cell discovery:
· 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 contribution, we evaluate the performance if cell discovery using legacy signals in the small cell scenario. 

2 Discussion on the evaluation results
In the section, we first describe the approach used in this contribution to evaluate the performance of cell discovery, followed by the evaluation results and observations. The scenario evaluated is as follows:
· Small cell scenario 2a with 1 cluster per macro cell and 4 or 10 small cells per cluster, and

· Synchronized transmission of discovery signal both within and between clusters in the same or different macro cells
The following procedure is used in the evaluation:
· Step 1: In system simulation, for each UE associated with the small cell layers, the N strongest small cells’ RSRP values {RSRP1, RSRP2, …, RSRPN} are collected, as well as the sum of the rest small cells’ RSRPs and thermal noise denoted as RSRP0. The value of N is set to 10 in the simulations.
· Step 2: For each output comprising N+1 values {RSRP1, RSRP2, …, RSRPN, RSRP0} from Step 1, N PSS/SSS transmissions are explicitly modeled in link level simulation, where the relative power of the N PSS/SSS transmissions follow {RSRP1, RSRP2, …, RSRPN, RSRP0}. The N PSS/SSS sequences are randomly chosen, which aims to model small cell deployment without much cell planning efforts.
· Step 3: PSS/SSS detection is performed based 4 radio frames, which outputs the M PSS/SSS sequences with the largest correlation values. A cell is claimed as detected if its PSS/SSS sequences are within the M PSS/SSS sequences and the cell’s RSRP is higher than -127dBm. In the evaluation, the value of M is set to 30. The RSRP measurement is not performed in the simulation, i.e. ideal RSRP measurement is assumed.
Figure 1 shows the number of detectable small cells with 4 and 10 small cells per cluster in SCE scenario 2a. It is observed that with 4 small cells per cluster, most of small cell UEs is able to detect up to 4 small cells, with an average number of 2.48. For the case of 10 small cells per cluster, the number of detectable small cells is increased, with an average value of 3.48 detectable small cells. It is also noted that if the number of radio frames used for PSS/SSS detection is increased, then the number of detectable small cells will also increase. 
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Figure 1: 4 (left) and 10 (right) small cells per cluster in SCE scenario 2a
3 Conclusions
In this contribution, we discuss the performance of small cell discovery in the Rel-12 small cell scenarios. It is observed with SCE scenario 2a and 1 small cell cluster per macro area, the average number of detectable small cells by small cell UEs is around 2 – 4, assuming no cell planning efforts (i.e. PSS/SSS are randomly assigned to the small cells). It is proposed that this observation is taken into account when assessing the need to further improve the small cell detection performance.
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5 Appendix
Table 1: Simulation assumptions for system level evaluation 

	
	Scenario #2a

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
19 Macro sites 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Antenna configuration
	2Tx2Rx in DL,  Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4 or 10

	Number of small cells per Macro cell
	4 or 10

	Traffic model
	Baseline: FTP Model 1 as in TR 36.814
File size: 0.5Mbytes

Packet arrival rate λ : 12.5

	UE speed
	3km/h


Table 2: Simulation assumptions for link level evaluation 

	Parameters
	Value

	Channel
	EPA 3

	Antenna configuration
	2Tx2Rx in DL,  Cross-polarized

	UE speed
	3km/h

	PSS/SSS detection 
	4 radio frames


[image: image3.png]









PAGE  
1

