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1 Introduction
In RAN1#72 meeting, some agreements on scenarios for 3D beamforming are achieved. In a word, UMa /UMi (outdoor /indoor) with high UE density are considered as the first priority.  That means beam resolution should be higher to satisfy the need of pointing the main lobe right to the direction of the UE, meanwhile leaking less interference to adjacent UEs.  Planar antenna array is the key technique to improve beam resolution due to its ability to exploit a new degree of freedom in resolving the elevation directions through 3D beamforming.  In this contribution, we would like to discuss the 2D antenna array structure. 
2 Planar antenna array structure on eNodeB

3D beamforming can generate a beam pattern adaptively in both horizontal and vertical dimension, however, the traditional 1D antenna array (AA) could only exploit the degree of freedom on either horizontal or vertical dimension, implies 1D AA should be extended in order to support both horizontal and vertical beamforming. 
From the general views of the operators [1], vertical polarization antenna and +/-45 degrees slant antenna are supported by most companies, so the baseline planar antenna array can inherit these characteristics as the following discussing.
 
[image: image1.emf]……

……

……

…

…

…

…

…

…

…

…

…

…

…

…

0:N-1

（ a）

X X X X

X X X X

…

…

…

…

X X X X

…

…

…

…

……

……

……

0:N-1

（ b）

Z

Z

X/Y

X/Y

0

:

M

-

1

0

:

M

-

1

dv

dh

dh

dv


                                                         Figure 1:  planar antenna array
The geometry for a planar array with uniform rectangular grid and rectangular boundary is shown in Figure 1: (a) is vertical polarization planar antenna array; (b) is +/- 45 degree cross polarization planar antenna array; M is the number of rows, N is the number of columns.  Z is the z-axis; X/Y is x-axis or y-axis. We denote the interval between adjacent vertical antennas as dv, and interval between adjacent horizontal antennas as dh.
In [1],  the size of traditional line array is set to be [2, 4, 8]; two kinds of antenna spacing are supported: closely-spaced refers to e.g. 0.5-0.7 λ, and widely-spaced to e.g. 4-10 λ. In order to avoid introducing large difficulty into practical deployment, the overall planar antenna array should be kept compacted.  So we suggest that closely-spaced interval can be reused as horizontal spacing,  the value of columns can be   [1, 2, 4, 8], if 1D single column AA is regard as a special case of 2D planar AA.
Proposal 1: For 2D AA, the closely-spaced interval (e.g. 0.5-0.7 λ,) can be reused as  horizontal spacing, and [1, 2, 4, 8] can be reused as the  number of columns.  
To further discuss the size and structure of planar array, we exploit the properties of planar AA beam pattern of Figure 1 (a).
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Figure 2:  beam properties of planar array: dv=0.5/1λ, dh=0.5λ, M=N=8
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Figure 3: beam properties of planar array： dv=0.5/1λ, dh=0.5λ, M=4, N=2

In Figure 2 and Figure 3, vertical cut is the  horizontal plane corresponding to 
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is the vertical AOA/DOA(Angle Of Arrival/Angle Of Departure) and 
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 is the azimuth AOA/DOA.  These planes are usually chosen to characterize the half-power beamwidth (HPBW) for a planar antenna array. HPBW is the 3-dB beamwidth defined to be the spacing between two points where the Beam magnitude is 
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 of the maximum beam magnitude.
Table 1：HPBW  of different 2D antenna array configurations
	Cases
	1
	2
	3
	4

	dv
	0.5λ
	1λ
	0.5λ
	1λ

	dh
	0.5λ
	0.5λ
	0.5λ
	0.5λ

	M
	8
	8
	4
	4

	N
	8
	8
	2
	2

	V_HPBW
	16 degrees
	9 degrees
	39 degrees
	19 degrees

	H_HPBW
	21 degrees
	21  degrees
	101 degrees
	101 degrees


We noticed that in Figure 2 (a) (corresponding to V_HPBW in Case 1 of Table 1) and in Figure 2 (b) (corresponding to V_HPBW in Case 2 of Table 1) have  close HPBW in horizontal cut, while the HPBW in Figure 3 (a) (corresponding to V_HPBW in Case 3 of Table 1) closely doubles the HPBW in horizontal cut in Figure 3 (b) (corresponding to V_HPBW in Case 4 of Table 1) . 
Observation 1: The HPBW is roughly inverse proportion to the product of the number of antenna elements and the spacing of antenna elements.
In Figure 3 (a), the HPBW is more than 45 degree.  If at least 2 separate vertical beams could be formed by planar AA with close spacing in both vertical and horizontal dimension, M=4 is the baseline.

In Figure 3 (b), the resolution of the AA obviously improves. But there is one grating lobes besides the main lobes, the direction of which can be used by carefully-paired 2 UEs or as 2-layers by 1 UE. Grating lobes could be useful in scenarios like environment with rich scatters.  So spacing lager than 1λ (e.g. 2λ/4λ) is recommended in small-sized planar antenna array, e.g. the number of antenna in elevation dimension is less than 8.  

In our views, the size in the elevation dimension should be compared with the size in the azimuth dimension. Thereby, the number of antenna elements in the elevation dimension is preferred to be chosen from [2, 4, 8].  

Combining the consideration on HPBW and the overall antennas size limitation from producing and deployment perspectives, we propose that:

Proposal 2: The number of antenna elements in the elevation dimension is preferred to be chosen from [2, 4, 8], and the vertical spacing larger than 0.7λ only be used when M<8 & N<8. 

Based on above discussion, we propose some 2D antenna array structures (1D AA not included) as follows, in which in order to describe the shape of 2D AA, we use V to denote elevation dimension, and H to denote azimuth direction. For example, xVyH denotes a 2D AA plane consist of y columns of 1D AAs, each 1D AA has x antenna elements .

:

•
2VnH Tx antennas, where n = [2, 4, 8]
1. n/2 column, cross-polarized:  X ... X       dv=1/2/4 λ, dh=0.5-0.7 λ
                                              X ... X
2. n columns, closely-spaced co-polarized:  | | ... |       dv=1 /2λ, dh=0.5-0.7 λ
| | ... |
•
4VnH Tx antennas, where n = [2, 4, 8]
1. n/2 column, cross-polarized:  X ... X       dv=0.5/1/2 λ, dh=0.5-0.7 λ
                                                X ... X








    X ... X

X ... X
2. n columns, closely-spaced co-polarized:  | | ... |       dv=0.5/1λ, dh=0.5-0.7 λ
| | ... |
| | ... |
| | ... |
•
8VnH Tx antennas where n = [2, 4, 8]
1. n/2 column, cross-polarized:  X ... X        dv=0.5λ, dh=0.5-0.7 λ
                                                X ... X
X ... X
X ... X
X ... X

X ... X

X ... X

X ... X

2. n columns, closely-spaced co-polarized:  | | ... |        dv=0.5λ, dh=0.5-0.7 λ
| | ... |
| | ... |
| | ... |
| | ... |
| | ... |
| | ... |
| | ... |
Proposal 3: It is suggested to consider the antennas configurations listed above as the candidates of the structure to form the 2D AA.

3 Conclusion

In this contribution, we have discussed considerations on 2D antenna array model. The following observations and proposals are raised:

Observation 1: The HPBW is roughly inverse proportion to the product of the number of antenna elements and the spacing of antenna elements.
Proposal 1: For 2D AA, the closely-spaced interval (e.g. 0.5-0.7 λ,) can be reused as  horizontal spacing, and [1, 2, 4, 8] can be reused as the  number of columns.  
Proposal 2: The number of antenna elements in the elevation dimension is preferred to be chosen from [2, 4, 8], and the vertical spacing larger than 0.7λ only be used when M<8 & N<8. 

Proposal 3: It is suggested to consider the antennas configurations listed above as the candidates of the structure to form the 2D AA.
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