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1. Introduction

One of the objectives of the 3D channel model study item is to: 

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

In this contribution, we propose a 3D antenna array model suitable for evaluating the performance of elevation beamforming and FD-MIMO, by considering the RAN4 work in 37.840 [2] and A2.1.6 in 36.814 [3]. For further reference, a parametric-based model has also been proposed in [1]. For 3D channel modeling including multipath fading in both elevation and azimuth domains, modeling for UE location and mobility, the typical usage scenarios of elevation beamforming, and some initial simulation results, please refer to the companion contributions [4] [5] [6], respectively.  
2. Antenna Array Structure

Following the study in [2], an abstract logical representation of the AAS radio architecture is depicted by Figure 1. The radio architecture is represented by three main functional blocks, the Transceiver Unit Array (TXRUA), the Radio Distribution Network, (RDN), and the Antenna Array (AA). The Transceiver Units (TXRU) interface with the base band processing within the eNodeB.

Figure 1 General AAS Radio Architecture

The Transceiver Unit Array consists of multiple Transmitter Units (TXU) and Receiver Units (RXU). The Radio Distribution Network, if present, performs the distribution of the TX outputs into the corresponding antenna paths and antenna elements, and a distribution of RX inputs from antenna paths in the reverse direction. The transmitter and receiver unit can be separated and can have different mappings towards the radiating elements.
A typical antenna array structure for 3D MIMO can be modelled by a planar uniform rectangular array (URA) antenna, as shown in Figure 2. The numbers of elements placed along the y-axis and z-axis are 
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respectively, and the distances between horizontal (y-axis) and vertical (z-axis) elements are 
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, respectively. A signal acting at the array elements is in the direction of u. The elevation angle of the signal direction is denoted as 
[image: image5.wmf]q

(defined between 0° and 180°, 90° represents perpendicular angle to the array antenna aperture) and the azimuth angle is denoted as
[image: image6.wmf]j

(defined between -180° and 180°).
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 Figure 2 2-Dimentional uniform rectangular array (URA) model
Based on the above model, we propose,

· 
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 as the baseline for the evaluation of elevation beamforming and FD-MIMO performance,
· 
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 as the baseline, where 
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 is the radio wavelength;
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 is determined according to the half power beamwidth (HPBW) and the total antenna gain which are from scenario definitions.
· For the case where each column is cross polarized arrays, the polarization slant angle is (+/- 45degree) 

3. Antenna Pattern
A 3D antenna pattern with downtilt and beamwidth control can be defined based on the superposition of the widely used linear antenna element patterns (both horizontal and vertical) and a weighting operation. 
3.1 Antenna element pattern
Following the model in [2], the physical element’s 3D pattern for antenna element can be given by
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where 
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=30dB, 
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 is the elevation angle, defined between 0° and 180° (90° represents perpendicular to the array antenna aperture) ,
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is the azimuth angle, defined between -180° and 180°, and 
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 is the maximum antenna element gain in dB. 
The azimuth pattern of each antenna element is given by:
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= 65 degrees, 
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where φ is the horizontal angle with a range of [-180,180] degrees and 
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 is the half power beamwidth.

The elevation pattern of the antenna element is given by:
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= 65 degrees, 
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where θ is the vertical angle with the range of [0,180] degrees and 90 degree is the horizontal plane. 
Note that since 3D MIMO system performance is more sensitive to angular modelling, the power leakage outside the main lobe needs to be modelled more accurately. Hence, the proposed values of 
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 are both larger than those defined in [3] and the sidelobes will be modelled in the array factor.  
In [5], the linear array antenna gain is defined in respect to the fact that multiple vertical antenna elements share an antenna port. For 3D MIMO with an active antenna array, one antenna port may have minimum one vertical element, thus the element (array) gain should be reduced according to the actual number of elements connected to each antenna port, e.g., up to 10dB less than the conventional element (array) gain with 10 elements in each column. 
Based on above description, we propose

· Use above method to model the directional antenna element pattern in simulation;

· Use the maximum column antenna gain in linear array as reference, deduct the column array gain to obtain  the maximum antenna element gain so as to maintain the fairness of the performance comparison between 2D MIMO and 3D MIMO: 
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3.2 Antenna array pattern 
Following the RAN4 discussion, the antenna array pattern can be modelled by a superposition of the antenna element pattern and side lobes due to phase shifts from element location differences and weighting, i.e.,
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The element location vector is given by
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where 
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 where is the elevation angle, defined between 0° and 180° (90° represents perpendicular to the array antenna aperture) ,
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is the azimuth angle, defined between -180° and 180°, and 
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 is the maximum antenna element gain in dB. The weighting factor is given by,
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where 
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is the electrical down-tilt steering, and 
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 is the electrical horizontal steering.
Note that, in practical systems, the electrical downtilt angle may need to be adjusted in a user specific way. For user specific elevation beamforming,  
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 should be adjusted in frequency domain and 
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 should be a user-specific factor. In this case, the above model with phase only weighting factor 
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 is still valid and the superposition of the antenna array pattern is different from user to user. 
For evaluating the performance of elevation beamforming and FD-MIMO, we propose that 

· Use above method to model the antenna array gain in simulation
· 
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as baseline, i.e., 
· 
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· 
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  can be set either in a cell specific way or a user specific way. The antenna pattern is user specific if 
[image: image42.wmf]etilt
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 is set in a user specific way.
4. Conclusions
This contribution proposes an antenna model for the evaluation of elevation beamforming and FD-MIMO evaluations. 
We propose the following:
· Use the active antenna array model in [2] as baseline of discussion.
· 
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 as the baseline for the evaluation of elevation beamforming and FD-MIMO performance,
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 as the baseline, where 
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 is the radio wavelength;

· 
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 and 
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 is determined according to the half power beamwidth (HPBW) requirement which are from scenario definitions.
· For the case each column is cross polarized arrays, the polarization slant angle is (+/- 45degree) 

· Use the method in [2] to model the directional antenna element pattern in simulations;

· Use the maximum column antenna gain in linear array as reference, deduct the column array gain to obtain  the maximum antenna element gain so as to maintain the fairless of the performance comparison between 2D MIMO and 3D MIMO: 
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· Use the method in [2] to model the antenna array gain in simulations.
· 
[image: image49.wmf]0

=

escan

j

as baseline, i.e., 
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· 
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  can be set either in a cell specific way or a user specific way. The antenna pattern is user specific if 
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 is set in a user specific way.
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