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1. Introduction

At the RAN1 #78bis meeting, there were intensive discussions on the application scenarios for elevation BF and FD-MIMO and both homogeneous and heterogeneous network scenarios were agreed with the same priority [1]. In addition, discussions of the detailed evaluation parameters for each of the scenarios were conducted including email discussion for HetNet scenario using different frequency bands [2]. In this contribution, we provide system-level simulation results on the impact of the electrical down tilting angle to the small cell UE geometry in order to realize accurate phase-1 evaluation.
2. Evaluation Assumptions and Results
Major evaluation assumptions are summarized in Table A, which mainly follow the latest agreements. In the simulation, small cells are dropped within small cell clusters, in which the number of the cluster is 1 per macro sector. The radius for small cell center dropping in an eNB cluster, i.e., RC, is set to 50 m. The number of small cells per cluster is parameterized as 4 and 10. Each small cell equips 4 vertical antenna elements with MTXRU of 1. We apply RSRP-based cell association scheme using CRS port #0. Here, CRS port #0 is associated with the first column with +45 deg. polarization. Eq. (1) shows the TXRU virtualization scheme
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where K and the vertical separation of antenna elements, 
[image: image2.wmf]V

d

, are set to 4 and 0.5 , respectively. UEs are only dropped around small cell cluster center in order to avoid complicated optimization process, which is combined with the effect of data offloading for macro layer. UEs are randomly dropped around the center of the small cell cluster with the radius of 70 m. Simulation results are summarized in Figs. 1 and 2 for the number of small cells per cluster of 4 and 10, respectively. Here, the optimum tilting value is down-selected with two steps, i.e., combination of larger and smaller step size evaluation.
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(a) Larger step size                                                          (b) Smaller step size
Figure 1: Impact of tilting angle to small cell UE geometry (4 small cells / cluster)
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Figure 2: Impact of tilting angle to small cell UE geometry (10 small cells / cluster)
Based on the results, we find that the geometry is different depending on the number of small cells per cluster. More specifically, geometry performance is generally lower for 10 cell case, since it suffers from larger number of inter-cell interference among small cells. In addition, the optimum tilting values are approx. 109 and 119 degs., when 4 and 10 small cells are deployed per cluster, although the impact of tilting angle is not so sensitive compared to homogeneous macro cell environment, in which vertical beam is narrower.
Observation 1:  Geometry performance highly depends on the number of small cells per cluster.
Observation 2: Optimum tilting values are approx. 109 and 119 degs., when 4 and 10 small cells are deployed per cluster.
3. Summary

In this contribution, we provide system-level simulation results on the impact of the electrical down tilting angle to the small cell UE geometry. We observe the followings based on the results.
Observation 1:  Geometry performance highly depends on the number of small cells per cluster.
Observation 2: Optimum tilting values are approx. 109 and 119 degs., when 4 and 10 small cells are deployed per cluster.
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Appendix
Table A: Evaluation Assumptions for Heterogeneous Network Scenario With Separate Frequency Bands
(Original assumptions are highlighted in red.)
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Total BS Tx power 46 dBm 30 dBm

Channel Model 3D-UMa 3D-UMi

Number of clusters per macro cell 1

Number of small cells per cluster 4, 10

UE distribution Randomly and uniformly dropped around small cell cluster center with the radius of 70 m

Indoor UE ratio 80 %

Radius for small cell center 

dropping in a eNB cluster (R

C

)

50 m

Radius for UE dropping in a UE 

cluster

70 m

Minimum distance (2D distance) Macro – small cell cluster center: 105 m

Small cell area center – small cell area center (D

SCC

): 20 m

Small cell cluster center – small cell cluster center: 2*R

C

Macro – UE: 35 m

Small cell – UE: 5 m
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