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1 Introduction
RAN1#58 has agreed on a SI on 3D channel modelling [1], and the SI document captures the following objective for 3D antenna modelling:
· 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)

This contribution presents Samsung’s view on the 2D antenna modeling for 3D channel modeling, elevation beamforming and FD-MIMO. 
2 3D Antenna Response Pattern of 2D Antenna Array
In LTE evaluations, each antenna port has a 3D antenna response pattern, which is modeled as a product of a horizontal antenna pattern and a vertical antenna pattern. For Rel-10 evaluations (i.e., in TR36.814), the horizontal and vertical antenna patterns of the antenna port are modeled with a 3dB beam width of 70º and 15º respectively, with a peak gain of 17dBi [4] [5]. Here, it is noted that the antenna port is not necessarily a single physical antenna element, but can be an antenna element array that achieves the 3D specified antenna pattern. For example, the narrow 3dB vertical beam width of 15º can be achieved with applying a fixed antenna virtualization (or analog beamforming) across a vertical antenna array comprising multiple antenna elements; in other words, a vertical antenna array may correspond to a single antenna port defined in TR36.814. In RAN1 evaluation perspective, MIMO evaluations can be conducted as long as a 3D antenna pattern clearly defined per every antenna port. Those antenna design issues to construct the specified antenna pattern of an antenna port are out of scope of RAN1. 
For 3D antenna pattern of each antenna port for evaluations of FD-MIMO and elevation beamforming schemes, TR37.840 [2] provides a good starting point. The 3D antenna pattern of an antenna port is characterised by the following equation:
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Here, 
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 is the maximum directional gain of the radiation element (in dB) and 
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 are the horizontal and the vertical radiation pattern:

[image: image5.wmf](

)

 

,

12

min

2

3

,

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

E

A

A

j

j

j

 and 
[image: image6.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

V

E

SLA

A

,

90

12

min

2

3

,

q

q

q

,
where 
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 are the horizontal and the vertical half-power-beamwidth (HPBW), 
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When an antenna port corresponds to a single antenna element, 
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 can be used as defined in TR37.840. However, when an antenna port corresponds to a vertical antenna array (e.g., as in 36.814), the vertical HPBW 
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 have to be updated depending on the number of antenna elements in each vertical antenna array. 

Three antenna configurations are proposed, with different vertical antenna array size and correspondingly different beamwidth and antenna gains. The configurations are summarized in Table 1 and are also aligned with Section 5.4.4.1.1 of TR37.840. 
Proposal 1: Adopt the three antenna configurations in Table 1.

Table 1 Proposed antenna configurations
	Antenna Configuration
	Az. Spacing (between two elements)
	El. Spacing (between two elements)
	Az. 3dB Beamwidth and Am
	El. Beamwidth and SLAv
	Antenna Gain

	Config 1
	0.5 λ
	0.5 λ 
	φ3dB =65o, Am=30 dB 
	θ3dB=65o, SLAv=30 dB
	8 dBi

	Config 2
	0.5 λ 
	1.0 λ 
	φ3dB=65o, Am=30 dB 
	θ3dB=[35]o, SLAv=30 dB
	[10] dBi

	Config 3
	0.5 λ 
	2 λ 
	φ3dB=65o, Am=30 dB 
	θ3dB=[20]o, SLAv=30 dB
	[12] dBi


[image: image16.emf] [image: image17.emf]
	(a) 8Hx8V array with “square” elements
	(b) 8Hx4V array with “rectangular” elements


Figure 1. Example FD-MIMO antenna configurations
· Configuration 1: 
An antenna port corresponds to an antenna element. This configuration has 0.5λ horizontal/vertical spacing between two adjacent antenna elements in a row/column. Figure 1(a) shows an example of Configuration 1 comprising 64 (=8Hx8V) antenna ports, where each antenna is spaced apart by 0.5λ in vertical and horizontal.
· Configuration 2: 
An antenna port corresponds to a vertical antenna array comprising two antenna elements. Accordingly, vertical spacing between two adjacent antenna ports (or two adjacent vertical arrays) is 1λ. In vertical domain, the antenna dimension is doubled as compared to Configuration 1, and therefore the each antenna can achieve a smaller beam width (about a half) and larger gain (about 3dB, but need to compensate feeder loss, etc).  

· Configuration 3: 
An antenna port corresponds to a vertical antenna array comprising four antenna elements. Accordingly, vertical spacing between two adjacent antenna ports (or two adjacent vertical arrays) is 2λ.  In vertical domain, the antenna dimension is quadrupled as compared to Configuration 1, and therefore the each antenna can achieve a smaller beam width (about a quarter) and larger gain (about 6dB, but need to compensate feeder loss, etc).  Figure 1(b) shows an example of Configuration 3, where we have 32 (=8Hx4V) antenna ports. Each antenna port consists of 4 antenna elements vertically placed (thus there are 128 antenna elements in total).
· Comparison of Configuration 1, 2 and 3
For the same number of antenna ports, e.g., 32 antenna ports, Configuration 1 has the smallest form factor among the three configurations, and therefore is the most suitable for the deployment that has tight restriction on the antenna size, e.g., small cells or indoor scenarios. 

Configuration 3 has the largest form factor among the three configurations. It has a narrow vertical beamwidth and can effectively mitigate the inter-cell/intra-cell interference, which is beneficial for MU-MIMO transmissions.
Configuration 2 strikes a balance between Configuration 1 and Configuration 3. 
3 Example 2D Antenna Design

Especially for FD-MIMO, in order to efficiently design antenna panels containing many antenna elements, it is important to consider various antenna design technologies in addition to the traditional ones. For example, patch antennas can be considered for FD-MIMO, which has benefits of small and lightweight overall antenna panel. However for patch antennas it is observed that the cross-coupling between differently polarized antennas is a bit higher than the traditional design. One possible way to reduce cross-coupling is to consider alternating polarizations as shown in Figure 3. It is noted that alternating-polarized array achieves better cross talk than ULA, while it has the same antenna panel size as the ULA for the same number of elements. 
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In order to allow companies to have various state-of-the-art antenna design options for FD-MIMO, it is proposed to further study alternating polarized array. 
Proposal 2: Study 2D alternating polarized array shown in Figure 3.
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Figure 3 The 8H x 4V FD-MIMO array and detailed sub-array element
An example of 2D alternating polarized array designed for FD-MIMO is shown in Figure 3. The array comprises four vertically arranged panels, each having eight sub-arrays arranged in a 8H x 1V configuration. Each sub-array is comprised of four patch elements fed at a common port with a corporate feed network, in a 1H x 4V configuration.
Figure 5 provides initial measurement results carried in for the 2D array.  
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Figure 5. Field measurement of 2D alternating array
4 Conclusions

This contribution has overviewed 3D antenna pattern modeling, and proposed the following:
Proposal 1: Adopt the three antenna configurations in Table 1.

Proposal 2: Study 2D alternating polarized array shown in Figure 3.
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