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1. Introduction

Recently there has been a great interest on the performance enhancement by FD-MIMO or elevation beamforming with 2D AAS array. To study the performance from FD-MIMO, existing ITU-R channel model which is a 2D geometry-based stochastic model should be extended to 3D. In RAN#58, a study item for study on 3D-channel model for elevation beamforming and FD-MIMO is approved [1]. In this contribution, we share our views on 3D extension of existing ITU-R channel.
2. Existing ITU-R Channel Modelling

For existing channel model [2-3], the environment is modeled by geometry-based method. Without defining the specific location of clusters, the directions of different paths are modeled by random distribution. Each cluster is described by the double directional model which consists of the value of AoA, AoD. In each cluster, several sub-clusters are also modeled with offset angles. The AoA, AoD and offset angle are modeled based on 2D horizontal assumption. Figure 1 illustrates an example of current 2D channel model.
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Figure 1 Existing 2D channel model [2]

The channel coefficient for each cluster can be generated by (1) [2]:
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(1)
where Frx,u,V and Frx,u,H are the antenna element u field patterns for vertical and horizontal polarizations respectively, n,m,VV and n,m,VH are the complex gains of vertical-to-vertical and horizontal-to-vertical polarizations of ray n,m respectively, 0 is the wave length of the carrier frequency, 
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 are the location vectors of element s and u respectively, and n,m is the Doppler frequency component of ray n,m.

3. 3D Channel Modelling

Considering 3D channel modelling, the clusters of each scatters is not assumed on a 2D plane but in a 3D space. As a result, in addition to AoA, AoD in the existing model, EoA (Elevation angle of Arrival), EoD (Elevation angle of Departure) and the corresponding offset angles should be introduced. An example of 3D channel model is illustrated in fig.2. For channel coefficient generation, the formula (1) can be simply extended with the addition of EoA and EoD as by (2):
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(2)


where 
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. The corresponding Doppler frequency component n,m is computed as 
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 in the existing model and can be modified as 
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 assuming that UE still moves on the 2D plane.
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Figure 2 An example of 3D channel model

Reference of the distribution of EoA spread and EoD spread can be found for example in WINNER+ [4] as in Table 1. Five scenarios are specified. Cross-correlations of elevation parameters can also be found in [4]. These tables can be used as a starting point for further development on 3D channel modelling.

Table 1 Distribution of EoD spread and EoA spread [4]
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4. Conclusion
In this contribution, we discuss on 3D extension of existing 2D ITU-R channel model. Elevation angle of arrival (EoA) and elevation angle of departure (EoD) are introduced. Existing formula for channel coefficient generation can be extended with the introducing of EoA and EoD.
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