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1 Introduction

In RAN1 study item of 3D channel model for vertical beamforming and FD-MIMO, it has been discussed how to model the large and small-scale channel characteristic in vertical angle and how we extend 2D domain to 3D domain as well.  Considering the end-to-end channel generation, one of the remaining issues on 3D channel model is related on UE-side modeling part. Especially for UE orientation and UE antenna pattern, [1] discussed impacts on channel generation in the 3D channel modeling. In this contribution, we will discuss the association between UE-side modeling and channel generation and propose the reasonable model for finalizing the study item.
2 Modeling of UE in 3D channel model
UE-side antenna pattern
In 2D based channel model, such as 3GPP SCM, ITU and WINNER II, the angle of rays in clusters between transmitter and receiver is defined only in the horizontal direction and it was assumed 0 degree in the vertical direction. Along with the angle of rays, the UE-side antenna pattern is also modeled as having a uniform antenna pattern (e.g. Omni-directional antenna pattern in horizontal domain) to fully utilize all the rays in 360 degrees of the UE. For a 3D extension from the 2D based channel model, the channel such as the departure and arrival angles should characterize in the vertical domain. It means that UE antenna pattern should consider in vertical domain together with horizontal domain. However, it seems to be more problematic if we use a non-omni-directional 3D antenna pattern (e.g. 0.5λ dipole antenna in z-axis) in vertical and horizontal domain as suggested in [1][2] than the case of using uniform gain in all degrees.
Firstly, unlike an antenna pattern in the eNB side (e.g. sectored antenna pattern), UE antenna has many implementation challenges to develop the same design between different models. Due to different component form factors, internal spacings, and positions of other component parts in the UE, it is very likely that the actual UE antenna position and the pattern may need to be redesigned for different models. Secondly, it is very difficult to generalize the antenna pattern at the UE side such that it is represented by one specific pattern. Actual radiation gain in horizontal and vertical angle will change with depending on the nearby objects of a UE such as hand covering in handhold position and other obstacles. Such change makes it very difficult to pick one pattern. Moreover, if we model UE antenna pattern as the donut shape (uniform in horizontal domain and non-uniform in vertical domain) as shown in figure 1, the gain of rays in clusters will change with the UE’s  vertical domain orientation (middle in figure 1) unless having modification of EoA of rays. Considering UEs in LOS condition, a certain UE orientation may change the LOS probability of UE from transmitter  due to change of antenna gain and we have no clear understanding whether it is realistic or not. Without having enough study of UE antenna pattern, it is desirable to use the isotropic antenna pattern to have equal gain in horizontal angle as well as vertical angle for the 3D channel modeling.

Proposal1: 
· UE-side antenna pattern should be uniform in horizontal domain as well as vertical domain(e.g. the isotropic antenna pattern)

· Further study is needed  to use different antenna model
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Figure 1. Dipole antenna pattern with no rotation (left) and with rotation (middle), isotropic antenna pattern (right).
UE orientation
To place the UEs in 3D domain while considering antenna elements, we need to define bore-sight angle in both vertical and horizontal domain. Due to the 3D shape of antenna in UE-side, it is also possible to have rotation angle as discussed in [1]. However, it is still questionable whether we can use random and uniform distribution in vertical and rotation angle as we used in horizontal domain in 2D channel model. When we consider users in active call, the position of mobile phones should have some distribution and not be random in vertical and rotation angle. Even with the tablets or mobile computers, there will be similar trend with the antenna elements position around the shape of devices. Moreover, different UE implementations will have different characteristics due to differences in designs, form factors, and component positions. Due to such reasons, UE antenna element cannot have an identical design in different models. As a result, depending on the actual location inside of device, the antenna gain will be different in vertical and horizontal angle.  
Given the fact that we are approaching the end of the study item, a reasonable compromise would be to assume uniform distribution in horizontal domain but assume fixed angle in vertical and rotation angle as the starting point of 3D channel model to simplify the modeling. If we agree to use the isotropic antenna pattern in UE-side, it should have no problem to use random and uniform angle in horizontal, vertical and rotation angle even though it is unrealistic (e.g. none of the users use phone upside down).
Proposal2: 
· Alt1: Uniform in horizontal angle as in 2D channel model, and use the fixed in vertical and rotation angle
· Alt2: Possibly to use uniform distribution in horizontal, vertical and rotation angle, only if the isotropic antenna pattern is used for UE-side

3 Conclusion

This contribution discussed the issues on UE-side antenna pattern and UE orientation for 3D channel model generation. Based on our discussion we proposed as the followings:
· Proposals for UE antenna pattern

· Use uniform in horizontal domain as well as vertical domain(e.g. the isotropic antenna pattern)

· FFS for  different antenna model
· Proposals for UE orientation

· Alt1: Uniform in horizontal angle  as in 2D channel model, and use the fixed in vertical and rotation angle
· Alt2: Possibly to use uniform distribution in horizontal, vertical and rotation angle, only if the isotropic antenna pattern is used for UE-side
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