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1. Introduction
The current 3GPP spatial channel model was made based on the azimuth angle in 2D without considering a vertical dimension [1][2], which is also defined in ITU-R channel model [3]. In the previous meeting, height dependent pathloss formula is intensively discussed. Proposed various pathloss function and LOS probability are simulated and discussed in [4]. This contribution discusses some considerations on extending from 2D-channel model to 3D-channel model.
______________________________________________________________________
2. 3D spatial channel modeling
The current spatial channel model is just described based on the azimuth angle in the XY plane as shown in the previous section. However, to evaluate the impact of 3D-beamforming or FD-MIMO, it is required to extend it with 3-dimensional parameters.
2.1 Extension from 2D-channel to 3D-channel
Basically, the extension from 2D-channel to 3D-channel model needs to include vertical direction in the spherical coordinate. Then, based on [5], 3D-channel model can be expressed as
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Here, 
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 respectively represent the location vector of BS and UE. Also, 
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 denotes the UE mobility vector in 3D. For the BS antenna gain pattern with both azimuth and vertical angles(
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) can be replaced by the results researched by RAN4 [6].
Although 3D channel modelling was considered in WINNER phase II project, the elevation parameters are not defined in scenarios UMa and UMi, which is the most commonly used in 3GPP simulations. Therefore, it is desirable to utilize the elevation parameters in WINNER+ project (Table 4-3, 4-4, 4-5 in [7]) regarding vertical angle of spread, where those parameters are well defined in 5 scenarios (InH, UMi, UMa, SMa, O2I). However, since the realistic model for elevation spread is dependent on the height of MS and distance between BS and MS [8][9], height and distance dependent model needs to be considered. We expect the parameters related to azimuth angle spread, delay spread and shadow fading in 2D-channel model can be reused for those of 3D-channel model. 
For the pathloss function, there is intensive discussion how to model height dependent function in previous meeting. We have simulated and discussed about various models for the issue to determine the function in the contribution [4].
For the issue that the cross correlation matrices of large scale parameters in some scenarios are not positive definite, they can be modified into positive definite matrices by Higham algorithm [10].
Regarding small-scale parameters, it is necessary to specify the distributions of azimuth and elevation angles. For azimuth angles, wrapped Gaussian distribution in [3] can be reused for scenarios UMa and UMi. For elevation angles, Laplacian distribution can be used as described in [7].
2.2 The BS and MS antenna array orientations
In the simulation, BS (or MS) antenna array orientation is determined by the bore-sight of BS (or MS), and it is used as the orienting angle in the calculation of LOS angles which are generated from the difference between the bore-sight and the LOS direction of BS (or MS). Thus, it is necessary to specify antenna array orientation in 3D-channel model. 
In the current 2D-channel model, BS array orientation in horizontal domain is determined from the direction of bore-sight of three sectors according to cell layout, which can also be applied for 3D-channel model. The MS antenna array orientation in horizontal domain for 3D-channel can be generated by an uniform distribution from 0 to 360 like 2D-channel model [1]. For the bore-sight of BS in vertical domain, it can be assumed to be ‘0’ because BS antenna would be upright, unless mechanical tilting is utilized. If considering mechanical tilting, LOS angles can be made by changing the coordinate according to tilting angle as shown in A.2.1.6 of [2].
However, it is unclear how to determine the direction of bore-sight of vertical domain at the UE side, which would be dependent on the position of antenna elements within MS and the slanting angle of MS. Although the direction is changed, the antenna gain of MS is not a problem due to omni-directional antenna. However, the phase difference in equation (1) by the antenna spacing of MS antenna will be different. For concrete 3D-channel model, it is desirable to discuss how to decide MS antenna array orientation.
2.3 Modelling the mobility of outdoor and indoor UEs in 3D
There are many possibilities for UEs to move in vertical dimension. For example, indoor UEs often use elevators, stairs and escalators which generate the UE’s vertical mobility. For simplicity, we suggest that the UE mobility is modelled as uniform spherical distribution similar to 2D channel model case, e.g., 
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 are uniformly distributed.
______________________________________________________________________
3. Conclusion
This contribution discusses some considerations on the extension from 2D-SCM model to 3D-SCM model for 3D-channel model SI. We have discussed about the elevation parameters in WINNER projects, the BS and MS antenna array orientations, and the mobility of outdoor and indoor UEs.
______________________________________________________________________
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