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1 Introduction

 In  RAN#58 meeting [1], it is explicitly narrated that only UE-specific elevation beamforming other than sector-specified elevation beamforming should be considered in the RAN1#72 meeting. UE-specific elevation beamforming promises to increase the users’ SINR by pointing the vertical beam pattern in the direction of the UE, meanwhile leak less interference to adjacent sectors by steering the null of beam in elevation. 
One of the objectives about UE-specific elevation beamforming (3D beamforming) :

· 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 
· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth
· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains
· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains.
In this contribution, we would like to discuss the 2D antenna array structures at the eNodeB and considerations on 3D channel modeling.
2 Modeling 2D array structure on eNodeB

3D beamforming forms the beam pattern adaptively in both horizontal and vertical dimension; however, the traditional 1D antenna array (AA) should be extended in elevation dimension in order to support vertical beamforming.

To exploit the properties of an elevation AA beam pattern, Figure 1shows the beam pattern of ULA antenna arrays with the different antenna configurations. Although it comes from the 1D AA experiments, we believe that it can give the general sense for the design principles for 2D AA.

It is shown in Subfigure-a and Subfigure-b of Figure 1 under fixed  antenna spacing (half wavelength,  denoted as 0.5λ), 16-element antenna array produces a more thin main-lobe compared with 8-element antenna array. Thus, the gain of the former doubles the gain of the latter. 
From Subfigure-a and Subfigure-d, under fixed number of antenna elements (8 elements), the beam-width of the 2λ spacing is much more thin compared with the 0.5λ spacing antenna array cases. 
In Subfigure-b and Subfigure-c of Figure 1, both number of antenna elements and antenna spacing are  different, but maintaining the product of them is the same, (Note that the results of 16*0.5 and 4*2 are the same). We observe that 4 antenna elements with 2λ spacing produces a beam with the comparable width of main-lobe to 16 antenna elements with 0.5λ spacing.

Moreover, in Subfigure-c and subfigure-d of Figure 1, we observe that with the increase of the product of number of antenna elements and antenna spacing, the width of the beams becomes sharper.

[image: image1.png]a. Antenna pattern of 8-element ULA spacing 0.5 wavelengths




             [image: image2.png]D. Antenna pattern of 16-element ULA spacing 0.5 wavelengths
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[image: image3.png]€. Antenna pattem of 4-element ULA spacing 2 wavelengths




            [image: image4.png]d. Antenna pattem of 8-element ULA spacing 2 wavelengths





Figure 1:  Antenna patterns with different configuration

Observation 1: The width of the main-lobe(s) is inversely proportional to the product of the number of antenna elements and the spacing of antenna elements.
From the observation 1, we can increase the number of antennas and (or) the antenna spacing to narrow down the width of the beam pattern. But due to the overall antennas size limitation from producing and deployment perspectives, we usually cannot increase these two factors simultaneously.

From the general views of the operators [2], the antennas setup in the horizontal dimension can be listed as follows:

•
2 Tx antennas

1.
1 column, cross-polarized: X

2.
2 columns, closely-spaced co-polarized: | |

•
4 Tx antennas

1.
2 columns, cross-polarized on each column, closely-spaced: X X

2.
2 columns, cross-polarized on each column, widely-spaced: X      X 

3.
4 columns, co-polarized, closely-spaced: | | | |

•
8 Tx antennas

1.
4 columns, cross-polarized on each column, closely-spaced: X X X X

2.   8 columns, co-polarized, closely-spaced: | | | | | | | |

3.
4 columns, cross-polarized on each column, widely spaced: X      X       X      X 

4.   4 columns, cross-polarized on each column, 2 widely-spaced sets of closely-spaced columns: X X      X X

Where closely-spaced refers to e.g. 0.5-0.7 λ, and widely-spaced to e.g. 4-10 λ .
To follow the general antenna configuration listed above, especially the antenna spacing, in the 2D AA, the overall size of the 2D AA will be too large. Thus, we should reconsider the antenna setup, especially the antenna spacing, for 2D antenna configuration, i.e., considering the overall antennas size instead of separately considering the size of the horizontal dimension and size of the vertical dimension. For example, maybe the antenna spacing in the vertical dimension should be restricted to the closely-spaced setup.

Proposal 1: For 2D AA, the overall size of AA should be considered instead of separately considering the size of the horizontal dimension and size of the vertical dimension.
In our views, the beamforming in the elevation dimension should employ similar antennas number compared with the beamforming in the azimuth dimension. Thereby, the number of antenna elements in the elevation dimension is preferred to be chosen from {2, 4, 8}.  

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 .

Proposal 2:  The size of 2D antenna array is between 2V2H and 8V8H.  Besides, for flexible deployment to various scenarios, any other xVxH is also supported, where x = [2, 4, 8].
3 Considerations on 3D Channel Modeling
The major difference from 3D-channel modeling and 2D-channel modeling in small scale parameter is the introduction of Angle of Arrival in elevation (EOA) and Angle of Departure in elevation (EOD).  

Elevation angle combined with azimuth angle have been considered into antenna pattern in 8.5.1.1 in [3]. To support of elevation angles, the 3D channel coefficients generation formula should be updated as in below:
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Where:
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 EMBED Equation.3  [image: image9.wmf]                                           (4)
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) is the channel coefficients of cluster n from transmit antenna s to receive antenna u; 


[image: image11.wmf]m

n

,

'

f

  is the azimuth angle of arrival (AOD); 
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 is the elevation angle of arrival  (EOD); 
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  is the azimuth angle of departure  (AOA); 
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 is the elevation angle of departure (EOA); 
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     is the azimuth angle of the velocity vector; 
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 is the elevation angle of the velocity vector.

Interested reader can refer to relevant chapters in [4] and [5] for more details about other parameters. 
The formulas (1) (2) (3) (4) will reduce to 2D channel formulas (20) in B.1.2.1.1 in [6], when EOD/EOA and 
[image: image17.wmf]n
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 is fixed to zero. From the above 3D channel coefficients generation formula, we propose that:
Proposal 3: The elevation angle of arrival and elevation angle of departure (EOA&EOD) should be added into the channel coefficient generation formula as shown in Eq.(1) -Eq.(4).

The inclusion of elevation angles introduce additional term to the calculation of the Doppler frequency of the multipath components, which has  been shown in Eq.(4).  However in most scenarios, the elevation motion of UE can be neglected, since in most cases the elevation velocity component during the UE motion is much less than the horizontal velocity component, unless the user is on the elevator in a building which is out the scope of this study.  So there is no need to model the vertical motion of UE. It also has been supported in the work of WINNER II and WINNER +, in which the Eq. (5), which is a reduced version of Eq.(4) by setting 
[image: image18.wmf]n

q

 to zero, is favored. 
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So we would like to propose:

Proposal 4:  A new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains is NOT needed.
As the introduction of elevation beamforming, the UE’s location in elevation direction becomes more important.  UEs in the same azimuth position and different vertical position can be pointed by separated vertical beams. In current channel model, the height of the antenna at UE side  is less than 1.5m [3], which is obviously not enough if  elevation beamforming is introduced, Note the fact that UEs would locate in different floor of a building, or UEs in different height of a mountain, and will definitely has different antenna gains.  
Based on the opinion above, we would like to propose:

Proposal 5:  A new way of modeling the location of outdoor and indoor UEs in both the horizontal and vertical domains is needed.
4 Conclusion

In this contribution, we have discussed considerations on 2D antenna array and 3D channel modeling. The following observations and proposals are raised:

Observation 1: The width of the main-lobe(s) is inversely proportional to the product of the number of antenna elements and the spacing of antenna elements.
Proposal 1: For 2D AA, the overall size of AA should be considered instead of separately considering the size of the horizontal dimension and size of the vertical dimension.
Proposal 2:  The size of 2D antenna array is between 2V2H and 8V8H.  Besides, for flexible deployment to various scenarios, any other xVxH is also supported, where x = [2, 4, 8].
Proposal 3: The elevation angle of arrival and elevation angle of departure (EOA&EOD) should be added into the channel coefficient generation formula as shown in Eq.(1) -Eq.(4).
Proposal 4:  A new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains is NOT needed.
Proposal 5:  A new way of modeling the location of outdoor and indoor UEs in both the horizontal and vertical domains is needed.
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