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1. Introduction

In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” [1] was approved for Release 12 study. Dual connectivity to macro and small cell layers has been discussed and shown to bring potential benefits [2][3]. 
In this contribution, we discuss simulation assumptions on cell selection on dual connectivity and provide some initial simulation results for small cell scenarios. These results may give some insights on the dual cell association mechanism for small cells. 
2. Cell Selection for Dual Connectivity
This contribution discusses the dual cell connection approach of UE in scenario 2a. In current evaluation assumptions for cell association [4], the cell selection criteria are defined as RSRP for intra-frequency and RSRQ for inter-frequency. However, the cell selection criteria for dual cell connection are not clearly defined.
For dual connectivity, the connections to macro cell layer and small cell layer are to be determined. If the dual connections are determined independently, there may be chances that some small cells are not in the coverage or control area of the macro cell.  This situation will bring challenges to the backhaul design and inter-eNB coordination, thus may not be desirable. For this reason, it is important that the small cell connection is inside the macro cell serving area.
In our simulation, we assume that the macro cell selection is always based on RSRP among all macro cells in the simulated layout. For small cell selection, we simulate both RSRP-based and RSRQ-based approach. For RSRQ measurement, full cell loading is assumed in the simulation. Considering together how to make sure the small cell is inside the macro cell serving area, there will be totally four approaches, namely:
1. Small cell RSRP-based, choose macro cell first. Choose the macro cell with the highest RSRP first, and choose the small cell with the highest RSRP in this macro cell serving area.
2. Small cell RSRP-based, choose small cell first. First choose the small cell with the highest RSRP, and then select the macro cell connected to this small cell.
3. Small cell RSRQ-based, choose macro cell first. Choose the macro cell with the highest RSRP first, and choose the small cell with the best RSRQ in this macro cell serving area. 
4. Small cell RSRQ-based, choose small cell first. First choose the small cell with the best RSRQ, and then select the macro cell connected to this small cell.
3. Simulation Results
In this section we show the performance evaluation results for the four dual cell selection approaches introduced in the previous section.  The scenario considered is scenario 2a with one cluster in each macro cell area and 4 small cells in a cluster. More simulation parameters are shown in Appendix and TR36.814 [5]. The results on UE geometry for macro cell connection and small cell connection are given.
First we assume that all the UEs in the system use dual connectivity. Therefore each UE is both a macro UE and a small cell UE. Fig.1 shows the macro UE and small cell UE geometry distribution for four different cell selection approaches, respectively. From these results, it is seen that RSRP- or RSRQ-based approach does not make much difference. For approach 1 and 3, optimal macro cell is chosen first, while the selection of small cell is considered sub-optimal. The macro UE geometry has a reasonable CDF curve, yet the CDF for small cell UE geometry is substantially degraded, especially for low percentile small cell UEs. This is because that some small cell UEs might be interfered by other small cells from the neighboring macro cell area with better signal quality. For approach 2 and 4, on the contrary, the small cell association is optimal and the macro cell association is sub-optimal. As a result, the small cell UE geometry is quite good but the macro UE geometry is unsatisfactory. The reason is likewise. If we define mismatch ratio as the probability that the optimal macro cell and optimal small cell that are not in the same macro cell area, the mismatch ratio in these simulations is around 30%.
If we compare the results of approach 1 to approach 3, or approach 2 to approach 4, we can find that the small cell first cell selection approach (2 or 4) is more acceptable than the macro cell first selection approach (1 or 3). Small cell UE has good geometry distribution, and macro UE has good geometry with high percentile UE. Therefore we have the following proposal:
Proposal 1: At least from the view point of better UE geometry, it is preferable that first decide the small cell with best RSRP or RSRQ, then select the macro cell which is connected to this small cell for dual connectivity.

Note that this does not necessarily reflect the order of choosing primary cell and secondary cell for the UE.
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a) Small cell RSRP-based, choose macro cell first             b) Small cell RSRP-based, choose small cell first
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c)  Small cell RSRQ-based, choose macro cell first            d) Small cell RSRQ-based, choose small cell first
Fig.1. UE geometry distribution for different dual cell selection approaches
For approach 2 or 4, the low percentile macro UE geometry is unacceptable. These UEs are either in the macro cell edge or in the coverage area of a neighboring macro cell.  For these low percentile UEs, it is better to just use a single connection to small cell or to the optimal macro cell other than use dual connectivity. Based on approach 2 (RSRP-based small cell selection, choose small cell first), we slightly modify the cell selection approach by adding a threshold rule: if the RSRP difference between the chosen small cell and macro cell is greater than a threshold, use single connection instead. This scenario is called partial dual connectivity. The macro and small cell UE geometry for full dual connectivity and partial dual connectivity is plotted in Fig. 2. It is shown that the macro UE geometry has improved greatly. Then we have the following proposal:
Proposal 2: Some rule, e.g., RSRP difference threshold rule, can be used to decide whether single connection or dual connection is needed.
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Fig.2. UE geometry distribution for full dual connectivity and partial dual connectivity
4. Conclusions
Simulation assumptions on dual connectivity to macro and small cell layers need to be clearly specified. In this contribution we discuss several dual cell selection approaches for small cell scenario 2a. Some simulation results are provided and compared. We have the following proposals on the simulation assumptions on dual cell selection:

Proposal 1: At least from the view point of better UE geometry, it is preferable that first decide the small cell with best RSRP or RSRQ, then select the macro cell which is connected to this small cell for dual connectivity.

Proposal 2: Some rule, e.g., RSRP difference threshold rule, can be used to decide whether single connection or dual connection is needed.
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APPENDIX: simulation assumptions
	Parameter
	Assumption/Value

	Simulation case
	Scenario #2a

	Cellular layout
	Hexagonal grid, 7 sites, 3 sectors per site, case 1 for macro cell.
Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area
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	Total MeNB TX power (Ptotal)
	46dBm

	Total SeNB TX power
	30dBm 

	Distance-dependent

Path loss(dB)
	MeNB-UE
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814], with 3D distance between an eNB and a UE applied

	
	SeNB-UE
	ITU Umi [referring toTable B.1.2.1-1 in TR36.814] with 3D distance between an eNB and a UE applied

	Shadowing standard deviation


	MeNB-UE
	ITU UMa according to Table A.1-1 of 36.819

	
	SeNB-UE
	ITU UMi[referring toTable B.1.2.1-1 in TR36.814]

	Carrier frequency
	2 GHz for macro cell; 3.5GHz for small cell

	Bandwidth
	10 MHz per carrier

	Carrier number
	1 for macro cell; 1 for small cell

	Number of clusters per macro
	1

	Number of small cells per cluster
	4

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 

	Radius for small cell dropping in a cluster (R1)
	50m

	Radius for UE dropping in a cluster (R2)
	70m

	Minimum distance
	Macro – UE: 35 m
Small cell – UE: 5m

Small cell – small cell: 20m

Macro – small cell cluster center: 105m

Cluster center-cluster center: 2x Radius for small cell dropping in a cluster

	Number of UEs per macro geographical area
	60

	Antenna height
	Macro: 25m; small cell: 10 m; UE: 1.5m

	Thermal noise density
	-174 dBm/Hz

	MeNB antenna gain 
	17 dBi 

	SeNB antenna gain 
	5 dBi

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB
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