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1 Introduction
A SID on 3D-channel model for elevation beamforming and FD-MIMO is agreed in RAN # 58 meeting [1]. The objectives of the study are to: 

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO

· 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)

· … 
· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes.
Per agreement in RAN1#72 meeting, the following usage scenarios are as first priority
· Urban Micro cell with high (outdoor/indoor) UE density

· Base station is below surrounding buildings

· Multi-floor UE dropping in buildings modeled

· Urban Macro cell with high (outdoor/indoor) UE density
· Base station is above surrounding buildings

· Consider two options for indoor UE: single-floor indoor UE and multi-floor indoor UE modeling.
In this contribution, we will discuss 3D antenna model with 2D antenna array structure, based on the RAN4 work in 37.840 [2] and A2.1.6 in 36.814 [3] and propose the element pattern for UMa cell and UMi cell for performance evaluation. For 3D channel modeling including multipath fading in both elevation and azimuth domains, modeling for UE location and mobility, preliminary performance evaluation for the typical usage scenarios, please refer to the companion contributions [4] and [5], respectively.  
2 Antenna port and a complex weighted 2D sub-array at eNB
The elevation beamforming and FD-MIMO are both based on active antenna system (AAS).A general radio architecture for AAS has been agreed in RAN4 [2] as shown in Fig.1, which includes three main functional blocks: the Transceiver Unit Array (TXRUA), the Radio Distribution Network (RDN) and the Antenna Array (AA). 
The Transceiver Unit Array consists of multiple Transceiver Units. The Transceiver Units interface with the base band processing within the eNode B. Each Transceiver Unit will correspond to an antenna port. Hence, the Transceiver Unit Array will be associated with an Antenna Port Array. Obviously, the number of Transceiver Units, K, will be identical with the number of antenna ports at eNodeB. It can be up to 8 for elevation beamforming. 
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Fig.1: General AAS Radio Architecture [2]
The 3D radiation pattern of each antenna port should be specified for performance evaluation purpose. From the general radio architecture, it should take into account the passive Antenna Array structure and RDN operation including the mapping of antenna port onto antenna elements and the amplitude weighting and phase shift on each mapped antenna element. 
2.1 2D Antenna Array Structure
The Antenna Array can include various implementations and configurations. To capture the spatial characteristics, array geometry and polarization should be considered. Typically, an MxN planar array structure can be configured for AAS BS. For example, an Antenna Array of MxN antenna elements can be configured as an MxN rectangular array structure with each column of a uniform linear array as depicted in Fig.2a. It can be also configured as an Mx(N/2) rectangular array with each column of a pair of cross-polarized arrays as depicted in Fig.2b, where the co-polarized antenna elements within each column forms a uniform linear array.  
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Fig. 2a An MxN antenna array with each column of a uniform linear array
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Fig.2b An MxN/2 antenna array with each column of a pair of cross-polarized arrays.
2.2 Mapping and complex weights in Radio Distribution Network
The Radio Distribution Network (RDN) 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. It may consist of multiple possible mapping between the Transceiver Units and Antenna Array, hence resulting in multiple possible mapping between antenna port and Antenna Array. 

Without loss of generality, one antenna port corresponding to a sub-array can be considered for purpose of performance evaluation. Take 8 antenna ports and the MxN Antenna Array in Fig.2a for an example, the sub-array corresponding to antenna port p consists of the following antenna element with location (m, n): 
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Similarly, for 8 ports and the Mx(N/2) Antenna Array in Fig.2b, the sub-array corresponding to antenna port p consists of the following antenna element with location (m, n):
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where antenna port group{0, 2,4,6} and antenna port group{1, 3,5,7} correspond to  antenna elements of +45°and -45°polarization slant angle, respectively. For the above two cases of mapping between antenna port and Antenna Array, each antenna port corresponds to a (M/2)x(N/4) sub-array with each column of uniform linear array and hence resulting in a 2x4 2D Antenna Port Array. 

It can be observed that each sub-array associated with an antenna port has a similar gemoetry distribution as AAS with single column in Figure 5.4.3.1-1 or AAS with multiple columns in Figure 5.4.4.1-1of TR37.840 [3]. A 5x2 sub-array corresponding to single antenna port and the Figure 5.4.4.1-1 are depicted in Fig.3a and Fig.3b.  
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Fig.3a Geometry distribution of a 5x2 sub-array corresponding to single antenna port
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Fig.3b Geometry distribution of AAS with multiple columns array [3]

Besides the above mapping, the RDN can perform a complex weighting on the signal from each port and distributes it among the sub-array, to control of side lobe levels and tilting angle. The complex weighting includes amplitude weighting and phase shift. Let 
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be the set of the antenna elements in sub-array associated with antenna port p, then complex weights on antenna element (m, n) can be given by
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where 
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 is the amplitude weight on antenna element (m, n). The element location vector 
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- the vertical steering angle, and 
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- the horizontal steering angle.
For simplicity, a uniform amplitude weighting can be assumed as in RAN4 [3]. The uniform amplitude weighting can be given by 
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It should be noted the RDN is not limited to map the different antenna ports to a non-overlapping sub-arrays as the above examples. It is also possible to map the different antenna ports to a same sub-array but with different complex weights, which is usually called simultaneous multiple beams.
3 3D antenna model associated with antenna port
3.1 Antenna gain
Based on the above observations in Section 2 and following the similar methodology as in RAN4, the radiation pattern for an antenna port p can be given by
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where
· 
[image: image21.wmf]p
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is the set of antenna elements within the sub-array associated with antenna port p.
· 
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the azimuth angle is defined between -180° and 180°
· 
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the elevation angle is defined between 0° and 180° (90° represents perpendicular to array)

· 
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 the phase shift factor due to array placement is given by

[image: image25.wmf](

)

(

)

(

)

1

,0,

exp2,,

mnmnp

vjrmnS

plf

-

=×Î

     



                                    (8)

[image: image26.wmf][

]

sincossinsincos

T

fqjqjq

=










         (9)
· 
[image: image27.wmf](
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 is the 3D element pattern. A 3D element pattern defined in Table 5.4.4.2-1 in TR37.840 agreed in RAN4 can be used for UMa cell. A circular symmetrical 3D element pattern can be used for UMi cell, which is a 3D element pattern independent of azimuth angle, as done in TR37.819. Both can be summarized in Table 1 in Appendix A.

It should be noted that the losses of the cable network should be added to the max gain to calculate the gain of an active antenna, as given in TR37.840 [2]:  

 
 AAS Max antenna gain = passive Max antenna gain + Losses of cable network
3.2 Mechanical tilt and antenna gain handling 
Based on Equations (3)-(9), antenna gains for an 8x4 sub-array with different steering angles are depicted in Fig. 4. The higher grating lobe can be observed when the beam departs from the bore sight of the antenna array, which means a gain loss in the direction of steering angle.

To reduce the impact of the above scan loss due to higher grating lobe, a proper mechanical tilt should be set.  A typical value of 12° for ITU UMa and UMi scenarios can be as reference. For mechanical down-tilt, the related handling including the coordinate transformation a transformation of the field component for polarized fields can follow the description in TR36.814 A2.1.6.2 in details.
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Fig.4 antenna gain of an 8x4 sub-array
4 Conclusion

In this contribution, we discussed the 3D antenna model with the 2D array structure to fit elevation beamforming and FD-MIMO purposes. Based on the discussion, we have the following proposals: 
· 2D Antenna Array consisting of one or multiple columns of uniform linear array or a pair of cross polarized arrays should be as baseline configuration;

· An antenna port should correspond to a sub-array with each column of a co-polarized uniform linear array at least for simulation purpose;

· Mapping between antenna port and sub-array with complex weights within RDN should be agreed for simulation purpose.
· Take into account the impact of mechanical tilt setting.

· Same sub-array structure can be assumed for simplicity of simulation.

· 3D antenna pattern for each antenna port is derived, based on the composite pattern of a sub-array

· 3D element pattern defined in Table 5.4.4.2-1 in TR37.840 for UMa;

· Circular symmetrical 3D element pattern for UMi as defined in TR37.819.
· A proper mechanical tilt should be set to take into account the impact of scan loss due to higher grating lobe.
· The typical value for ITU UMa and UMi can be 12°.

· Antenna gain should be modified according to description in TR36.814 A2.1.6.2.
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5 Appendix A – Antenna element pattern

Table 1 3D element pattern
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	Front to back ratio
	Am = 30dB

	Vertical pattern
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	Side lobe lower level
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	3D element pattern
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	Additional parameters are provided in A10 of Table 5.4.4.2.1-1 in TR37.840. 
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