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1 Introduction
Beamforming utilizing both horizontal and vertical domain increases degrees of spatial freedom of beams, which implies the improvement of system capacity. In [1], the working scope on vertical beamforming in RAN1 is explicitly narrated to be focused on UE-specific elevation beamforming. 
One of the objectives on UE-specific elevation beamforming in [1] is:
· Identify the typical usage scenarios of UE-specific elevation beamforming and FD-MIMO.
In this contribution, we would like to put forward our considerations on the typical scenarios for UE-specific beamforming.
2 Typical Scenarios for UE-specific elevation beamforming
To support UE-specific elevation beamforming, 3D channel model should be established at first. We would consider parameters in both azimuth and elevation dimensions for 3D channel model. Compared to 2D channel model, 3D channel model introduces new parameters like elevation angle of arrival (EOA), elevation angle of departure (EOD), angle spread of EOA/EOD, various correlations of elevation angle and azimuth angle and etc.
Theoretically, in rich scatter scenarios, the major difference between 2D and 3D channel parameters should be the angle spread.  Take AOA for example, the root mean square (RMS) angle spread in 3D channel is calculated according to  
                                                                    
[image: image1.wmf]2

2

AOA

AOA

AOA

j

q

s

s

s

+

=

W

                                                               (1)
Where:
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 denotes the RMS elevation angle spread;
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 cannot be neglected for rich multipath environments. It has been illustrated in the simulations [2] that 3D MIMO outperforms 2D MIMO in scenarios including the city street, the reference room in library and the small room etc. One common characteristic of these scenarios is that there are the rich multipath components due to variable obstacles in the environment, yielding large angel spreading. Therefore, it may take more advantages from 3D MIMO due to the higher resolution of multipath components. (Note that 3D-MIMO has the ability to resolute the multipath components from the vertical dimension).
Observation 1:  3D MIMO could be suitable for scenarios with rich scatters, such as street and indoor scenarios with large angel spreading.

In downtown areas that has plenty of high buildings and large mansions, UEs could be dense in both elevation and azimuth dimensions. It is worth noting that for UE-specific elevation beamforming, with the increased number of antennas, the beam resolution can be improved. Hence, UE-specific elevation beamforming can steer the sharper beams pointing to the desired UE, which on the other hand leaks less interference to other co-scheduled UEs. This is especially beneficial to MU-MIMO. Therefore, downtown areas could also be the typical evaluation scenarios in this SI.
Observation 2：UE-specific elevation beamforming is suitable for scenarios that with dense users and high spectral efficiency requirement. 
Based on the observations above, we would like to propose:
Proposal 1: It is kindly suggested RAN1 consider rich scattered scenarios (i.e. city street and indoor scenarios with large angel spread) as well as downtown areas as typical scenarios in the UE-specific elevation beamforming study.
Generally the MIMO system is interference-limited, and thereby many efforts have been made to mitigate interferences. For example, in Rel-10/11, eICIC and CoMP have been specified to mitigate inter-cell interference (ICI).

3D beamforming, which has adaptive horizontal/vertical beamforming and higher beam resolution, is another effective method to mitigation the ICI, thank to the sharper beams in both elevation and azimuth dimensions. This is to some extent similar to the case of inter-UE interference mitigation in the traditional MU-MIMO. In other words, 3D beamforming could greatly improve the throughput performance via better ICI mitigation, especially beneficial to the cell-edge UE.
Observation 3：UE-specific elevation beamforming could greatly improve the throughput performance via better ICI mitigation.
Recalling that scenarios for evaluating the ICI mitigation have been wildly used in previous work, such as eICIC and CoMP WIs, the typical scenarios that have been defined in 36.814 and 36.819, e.g. the cell layout, placement of low power nodes and UEs, traffic model, .etc, can be largely reused. In other word, scenarios for evaluating elevation beamforming can start from those defined in 36.814 and 36.819. On top of that, some specific enhancements may be included, considering the 3D-channel characteristics such as larger angle spreading, etc. 
Proposal 2: Scenarios that are defined in 36.814 and 36.819 could be a start point to be enhanced for evaluating UE-specific elevation beamforming.
3 Conclusion
Based on the discussion above about the scenarios for 3D MIMO and UE-specific beamforming, the following observations and proposals are raised:

Observation 1:  3D MIMO could be suitable for scenarios with rich scatters, such as street and indoor scenarios with large angel spreading.
Observation 2：UE-specific elevation beamforming is suitable for scenarios that with dense users and high spectral efficiency requirement.
Observation 3：UE-specific elevation beamforming could greatly improve the throughput performance via better ICI mitigation.
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Proposal 1: It is kindly suggested RAN1 consider rich scattered scenarios (i.e. city street and indoor scenarios with large angel spread) as well as downtown areas as typical scenarios in the UE-specific elevation beamforming study.
Proposal 2: Scenarios that are defined in 36.814 and 36.819 could be a start point to be enhanced for evaluating UE-specific elevation beamforming.
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