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1 Introduction
For the 3D-beamforming, the beam pattern should be generated in both horizontal and vertical dimension, 2D planar antenna array structure should be studied due to the traditional 1D antenna array can only exploit one degree of freedom on either horizontal or vertical dimension.
In RAN1#72bis meeting, way forward on antenna model in 3D channel modeling [1] was agreed with some updates. The baseline 2D planar antenna array structure is shown in Figure 1.
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Figure 1: 2D planar antenna array
In Figure 1, antenna elements are uniformly placed in the vertical and horizontal direction, where N is the number of columns and M is the number of antenna elements with same polarization in each column. For the case each column is cross polarized arrays, the polarization slant angle is (+/- 45). Antenna elements are uniformly spaced in horizontal/vertical direction with spacing dH/dV respectively. The baseline value of N is {1/2/4/8} for co-polarization or {2/4/8} for cross-polarization. The baseline value of dH is 0.5λ.
In this contribution, the values of dV and M , which may impact the shapes of elevation beam patterns, are to be discussed. We mainly focus on considering the half power beam width (HPBW) of elevation beam, since it may indicate the resolution capability of a 2D AA in the vertical direction. According to the report of RAN1#72bis [2], the assumption baseline of M=1/2/4/8/10 and dV=0.5/0.8λ are taken to calibrate channel modeling. 
2 Planar antenna array structure on eNodeB

In this section, the properties of 2D planar antenna array beam patterns for different configurations (M=1/2/4/8, dV=0.5/0.8λ) are exploited with the agreed elevation beamforming weighting vector in [1]. For the purpose of calibration, antenna array of only one column is studied (i.e. N=1). The complex weight for each antenna element m is:
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where 
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 is electrical vertical steering angle with scope [0º, 180º]. In the contribution, 
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 is set to 120º for example. The resultant beam patterns are shown in Figure 2 and Figure 3.
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Figure 2: Beam Properties of 2D Planar Antenna Array - dV=0.5λ,M=1(a)/2(b)/4(c)/8(d)/10(e),N=1
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Figure 3: Beam Properties of 2D Planar Antenna Array - dV=0.8λ,M=1(a)/2(b)/4(c)/8(d)/10(e),N=1
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, the vertical beam patterns can be used to characterize HPBW of 2D antenna array configurations, which is listed at following Table 1.
Table 1：HPBW of different 2D antenna array configurations
	Cases
	dV(λ)
	M
	V_HPBW(º)

	1-a
	0.5
	1
	NA

	1-b
	0.5
	2
	91

	1-c
	0.5
	4
	31

	1-d
	0.5
	8
	15

	1-e
	0.5
	10
	12

	2-a
	0.8
	1
	NA

	2-b
	0.8
	2
	44

	2-c
	0.8
	4
	19

	2-d
	0.8
	8
	9

	2-e
	0.8
	10
	7


According to Figure 3, dV=0.8λ will inevitably yield the grating lobe regardless of the value of M. Since the grating lobe may introduce significant interference on some unwanted directions, it is not preferred in the upcoming evaluation, unless some solutions to handle the grating lobe are specified. Furthermore, it is very straightforward to observe that larger M leads to narrower main lobe, which means higher resolution capability. However, the resulting larger size of the 2D AA may exhibits its deployment in practice. Therefore, all the typical values of M, e.g., M = 2/4/8/10, need to be evaluated.
Observation 1: More antenna elements yield narrower HPBW.

Observation 2: Larger antenna element spacing causes narrower HPBW but grating lobe.
Observation 3: At vertical dimension, when antenna element spacing is 0.8λ, there inevitably exists grating lobe which is not preferred and thus the solutions to handle it should be clarified.
And therefore, we propose:
Proposal 1: The vertical spacing 0.8λ may need further discussion due to the existing grating lobe, though it can bring narrower HPBW.
Proposal 2: The number of antenna elements in the vertical dimension is preferred to be M>=2 when spacing dV=0.5λ. 

3 Conclusion

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

Observation 1: More antenna elements yield narrower HPBW.
Observation 2: Larger antenna element spacing causes narrower HPBW but grating lobe.
Observation 3: At vertical dimension, there is a grating lobe when antenna element spacing is 0.8λ.
Proposal 1: The vertical spacing 0.8λ may need further discussion due to the existing grating lobe, though it can bring narrower HPBW.
Proposal 2: The number of antenna elements in the vertical dimension is preferred to be M>=2 when spacing dV=0.5λ.
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