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1 Introduction
RAN#58 has agreed on 3D channel modeling SI [1], which has proposed to study the following aspects:

· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO
· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 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. 

· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by  Rel-11) with the modified evaluation methodology  

RAN1#72bis has made significant progress on defining the scenarios and antenna configurations for 3D channel modeling calibration. This contribution investigates and proposes typical usage scenarios and antenna configurations for elevation beamforming and FD-MIMO to address the first bullet point in the SI description [1]. 

2 Agreement in RAN1#72bis for Antenna Patterns
RAN1#72bis has agreed the antenna modeling for 3D channel modeling calibration:

R1-131761 
WF on antenna model in 3D channel modeling

Agreement on the WF with the following changes:

· Number of horizontal antenna elements (the total number of antennas in a single row, counting across both polorizations in case of cross-pol)

· Cross-pol: 2,4,8

· Co-pol: 1,2,4,8

· For calibration of channel modeling purpose, working assumption is

· K takes two values, 1 and M

· M=10 as baseline, other values FFS

· Vertical antenna spacing is (0.5, 0.8) lambda 

· Complex weight for antenna element m is

 SHAPE  \* MERGEFORMAT 




where m=1,…,K,        

·  SHAPE  \* MERGEFORMAT 


 is electrical vertical steering angle and the angle is defined between 0° and 180°    

      (90° represents perpendicular to array).

· The value of  SHAPE  \* MERGEFORMAT 


 is FFS, and taking into account the UE height modeling 

· FFS how to develop weights corresponding to the 3GPP antenna model [Table A.2.1.1-2 in TR36.814]

· Acting as one reference scheme when later evaluating proposed solutions
3 Antenna Configurations for Elevation Beamforming and FD-MIMO

For the 3D channel modeling calibration purpose, it is sufficient to consider channel response to individual antenna elements, i.e., K = 1. In addition, for baseline calibration of the agreed antenna weights to develop weights corresponding to 3GPP antenna pattern in 36.814, K = M can be used. As observed by our companion paper [2],  similar patterns to the 3GPP antenna pattern having 10 degree half-power beam-width can be obtained with various combinations, e.g., (M=8, dV = 0.64λ) and (M=10, dV = 0.5λ), where M is the total number of vertical elements and dV is the vertical antenna spacing. For channel modeling calibration purpose, one of those combinations can be used as a common assumption among different companies. 
For elevation beamforming and FD-MIMO, number of vertical elements M should be chosen according to the typical use scenarios companies have in their minds. For example, when the simplest case of antenna elements being one-to-one mapped to antenna ports is considered, the corresponding total numbers of antenna elements in the elevation beamforming SI proposal [3] and in the FD-MIMO SI proposal [4] are 8, 16, 32 and 64. According to the SI proposals, the number of vertical elements M for typical use case of FD-MIMO and elevation beamforming is multiple of 2. Hence, the following is proposed.

Proposal 1: In typical usage scenarios of FD-MIMO and elevation beamforming, the numbers of vertical antenna elements (M) are 2, 4, 8 or 16. 

A reference antenna pattern for evaluating proposed solutions can be built per each value of M and dV, with applying K = M and agreed antenna weights. It is noted that as M and dV determines the vertical antenna pattern, the resultant reference antenna pattern may not be the same as the 36.814 antenna pattern.

Proposal 2: For evaluating proposed solutions, a reference antenna pattern can be straightforwardly built per each value combination of M and dV, with applying K = M and agreed antenna weights.

Finally, in order to flexibly consider number of antenna ports that is potentially different from the total number of antenna elements, the antenna grouping factor K also needs to be explicitly considered. For example, the proposed SI of downlink elevation beamforming [3] has proposed to consider up to 8 antenna ports, and the proposed SI of the FD-MIMO [4] has proposed to consider 16, 32 and 64 antenna ports. In the subsequent potential SIs, it is clear that the numbers of antenna ports can be smaller than the number of antenna elements, and antenna grouping enables this implementation. 
Proposal 3: In typical usage scenarios of FD-MIMO and elevation beamforming, N total number of antennas can be partitioned into L antenna groups corresponding to L antenna ports comprising K antenna elements, where L = N/K, and N is a multiple of K.

4 Conclusions

This contribution has studied typical antenna configurations for FD-MIMO and elevation beamforming. The proposals of the contribution are summarized below:
Proposal 1: In typical usage scenarios of FD-MIMO and elevation beamforming, the numbers of vertical antenna elements (M) are 2, 4, 8 or 16. 

Proposal 2: For evaluating proposed solutions, a reference antenna pattern can be straightforwardly built per each value combination of M and dV, with applying K = M and agreed antenna weights.

Proposal 3: In typical usage scenarios of FD-MIMO and elevation beamforming, N total number of antennas can be partitioned into L antenna groups corresponding to L antenna ports comprising K antenna elements, where L = N/K, and N is a multiple of K.
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