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1. Introduction

Spatial channel modelling plays an important role in the system level performance evaluations. The prevailing spatial channel models are the geometry based stochastic channel model, e.g., 3GPP SCM model defined in [1], and the IMT-Advanced channel model defined in [2]. These channel models are actually 2D spatial channel models in the sense that the double directivities of each path/subpath are expressed only in the XY-plane.
A new study item on downlink MIMO enhancement was approved in RAN#51 [3].  One objective of the study item with first priority is to identify the need for downlink MIMO enhancements applicable to practical antenna configurations, and, as discussed in [7], an increasingly important real-life practical antenna configuration is 3D beamforming arrays. Such antenna configurations are gaining prominence in urban environments with high densities of high-rise buildings.
In order to evaluate the potential for MIMO enhancements that are applicable to such practical 3D deployments, it is instructive to consider whether the current channel models are appropriate to give a realistic evaluation. In this contribution, we therefore discuss 3D spatial channel modeling, including the constraints of 2D channel models, the general principle of 3D channel modelling, and its latest status in the WINNER II/+ projects.
2. The existing channel modelling and its constraints 

In the channel models [1-2], the radio propagation environment is modelled by a number of clusters of scatterers, and the cluster statistics and array orientations are varied in each drop. A cluster corresponds to a double directional (i.e., AOA and AOD angles w.r.t. the BS-MS line) separate path and each path consists of a number of subpaths that are spatially distributed with some angle spread but irresolvable in time. These channel models are 2D spatial channel models in the sense that the AOA and AOD angles of each path/subpath are described only by the azimuth angles in the XY plane and elevation angles are not considered. 2D spatial channel modelling is shown in Fig. 1 and the corresponding channel matrix (in NLOS and polarized case and linear array assumed) is expressed by (1) [1].
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Figure 1: 2D spatial channel modelling
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where 
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, i=v or h, j = BS or UE, denotes the antenna response for the i-pol component at the azimuth angle
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 denotes the phase offset between x-pol component at BS and y-pol component at UE. The term 
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, i=1 and 2, denotes the reciprocal of the XPD. 

2D spatial channel modelling is a reasonable simplified approach for modelling practical propagation under the following assumptions:
· The cell radius is relatively large such that statistically most of the users are distributed with very small elevation angles, which can approximately be ignored in the channel modelling for simplicity. 

· The antenna array geometry is mainly focused on the one dimensional linear arrays, which can only resolve the azimuth angles and the not the elevation angles. 
However, there is now increasing interest in small cells, where the elevation angles may no longer be negligible, and, in addition, 2D and even 3D antenna array geometries are gaining prominence with the aim of boosting system performance and improving coverage especially in dense urban environments. 
Attempts to consider the vertical dimension in RAN1 have so far been limited to considering 3D antenna patterns, which model the large-scale characteristics of the antenna pattern arising from fixed downtilting, but do not take account of the differences in small-scale fading between the horizontal and vertical dimensions. The latter differences largely arise from the fact that the angular spreads in the horizontal and vertical dimensions tend to be quite different. 

In these cases, the ability to resolve the angle of elevation provides an additional degree of freedom to optimize the system performance. It then becomes important to consider how the spatial channel properties can be modelled accurately. This is discussed in the next section. 
3. Principle of the 3D channel modelling

In 3D channel modelling, the departure and arrival angles have to be modelled using not only the azimuth angle in XY-plane, but also the elevation angle with respect to the Z axis [4][5][6]. A spherical coordinate system for 3D channel model is shown in Figure 2. In this case, the 2D channel modeling expressed in (1) can be straightforwardly extended to the 3D case, as shown in (2) [4]. 
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Figure 2: Spherical coordinate system for 3-D model
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is the vector denoting the 3D direction of arrival and departure wave. The variable r (i.e., 
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) is the vector denoting the position of antenna element with respect to the reference point in 3D space. The operation “
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” represents the dot product (or scalar product) of the two vectors. 
Comparing (2) with (1), we can see that in 3D channel modelling the phase shifts between different BS (UE) antennas are dependent on the projections of the BS (UE) antenna element position vectors onto the departure (arrival) wave direction vectors in 3D space. The antenna element position vectors are determined by the applied antenna array geometry. 
4. Current state of 3D spatial channel modelling
3D channel modelling was considered in the WINNER II and WINNER+ projects. In the WINNER phase II channel model (defined in WINNER-II deliverable D1.1.2 [5]), 3D spatial channel modelling methods were considered, that is, a 3D-specific step was considered  in order to generate the elevation arrival angle and elevation departure angle for each cluster. However, the definition of the elevation related parameters are only for limited scenarios (as defined in table 4-6 of [5]). In the WINNER phase II channel model implementation (WIM2_3D_ant_ver064_220908 on the WINNER-II website), only the 3D antenna array geometry was considered, instead of the 3D modelling of AoDs and AoAs. Thus, it can be said that the WINNER II channel model is an intermediate channel model between the 2D and 3D models. 
In the WINNER+ channel model defined in [6], the 3D channel modelling was considered more fully. The elevation parameters for 5 scenarios, including indoor, urban macro, urban micro, suburban macro and outdoor-to-indoor were provided, mainly based on literature surveys. The code package of the WINNER+ channel model will be publicly available on website (but not yet up to now). 

5. Conclusions
Motivated by the constraints of the existing 2D channel models and the increasing interest in vertical beamforming in practical eNodeB deployments, this contribution discussed the general principles of 3D channel modelling. 
We propose that RAN1 should discuss whether to consider introducing a 3D channel model to be applied in such scenarios to enable realistic evaluations to be performed. Such a model would take define the angular spread in the vertical direction as well as the horizontal direction, recognising that the angular spreads in the horizontal and vertical directions are typically significantly different in the practical deployment scenarios described above.
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