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1. Introduction
In RAN#58, the Rel-12 SI on FS_LTE_3D_channel for elevation beamforming and FD-MIMO was approved [1]. The objective of this SI is to define a new channel model to enable the modeling of both vertical and horizontal dimension of the environment as well as user locations in the network. The study will consider a combination of the ITU channel model [2] and the basic methodology of modeling 3D antenna in TR 36.814 [3] as the starting point and determine the additions to properly model the elevation dimension. 

This contribution tries to summarize and give some guideline that, in our view, should be addressed to expand the current evaluation methodology in order to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. 
2. Discussion
This section summarizes the evaluation methodology areas that we think should be expanded for evaluating elevation beamforming and FD-MIMO. In summary:
· 3D Antenna models
· Propagation models
2.1.  3D Antenna Models

To support elevation beamforming and FD-MIMO, the active antenna system (AAS) is typically deployed in the eNB. The differences of modeling AAS with 2D array structure and the conventional passive antenna mainly reside in the vertical plane. For the passive antenna the vertical (elevation) antenna gain is a composite response pattern achieved by staggering of multiple antenna elements vertically and typically with a narrow 3dB beamwidth, such as 10 degree as defined in TR 36.814. However, when modeling a 2D array structure the individual radiation element pattern is needed for both the vertical and horizontal plane. Furthermore, the beam pattern formed by the AAS antenna should also consider the array geometry, e.g. element spacing in both vertical and horizontal plane, antenna polarization and array orientation of the mechanical down-tilt.

2.1.1. Element Pattern 
In 3GPP TR 37.840 a method similar to the current 3GPP antenna modeling is proposed to model the element radiation pattern of an AAS and summarized in below
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where

· PE is the magnitude of the element pattern

· 
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the elevation angle is defined between 0° and 180° (90° represents perpendicular to array)

· 
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the azimuth angle is defined between -180° and 180°

· 
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 is the maximum directional gain of the radiation element (in dBi), which is assumed to be 8dBi;
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is the horizontal pattern of the radiation element, 
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where 
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 = 65° is the horizontal 3dB bandwidth, and 
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= 30dB is the front-back ratio. 
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is the vertical radiation pattern of the radiation element offset by 90° to point perpendicular to array, 
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where
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 = 65° is the vertical 3dB bandwidth, 
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is the lower limit, which is set as 30dB.
Proposal 1: The individual radiation element pattern of both the vertical and horizontal plane needs to consider when modeling the AAS with a 2D array structure. The antenna gain needs also be defined on a per element basis. 
2.1.2. Tilt and antenna gain for a given direction

In general the antenna pattern in the far field could be described by its 3 dimensional complex response consisting of the vertical and horizontal polarization components. The radiation pattern can then be written as 
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 is the vertical polarization component, 
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is the horizontal polarization component, 
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 is the antenna index, 
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 is the azimuth angle, 
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 is the angle of elevation (inclination), and 
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 are the unit vectors that form the bases. Figure 1 illustrates the bases under which the 3-D complex field response of the antenna was defined.
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Figure 1: 3-D complex response of the antenna
Unlike the conventional passive antenna, AAS may dynamically control the elevation and azimuth angles, as well as the beamwidth of its radiation pattern via electronic means. The electronic tilt control will add an element specific phase shift to the antenna field response, denoted as
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Electronic tilt control may be used along with mechanical means. In such case, the antenna field components 
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will be transformed by a rotation matrix which is determined from the mechanical tilt angle.  The procedure is described in TR 36.814 A2.1.6.2 in details.

Proposal 2: The modeling of both electronic and mechanical down tilting needs to support for the 3-D antenna. The method described in TR 36.814 A2.1.6.2 can be reused. 

2.1.3. Polarized antenna modelling in 3-D channel
In 2-D channel, the polarization of the antenna is modeled as angle-independent in both azimuth and elevation in the antenna local coordinate system. The antenna element field pattern of a linearly polarized antenna is given by
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respectively, where 
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 is the polarization slant angle, e.g. +45° or -45° for cross polarized antenna. In 3-D channel, the antenna polarization is defined to model antenna field response to a radiated spherical wave and determined by the physical structure of the antenna and by its orientation. Polarization is the sum of the electric field orientations over time projected onto an imaginary plane perpendicular to the direction of the radio wave. As a result, the polarization cannot be modeled as angle-independent. 

Proposal 3: The modeling of the polarized antenna in 3-D channel needs further study. The angle-independent modeling method in current 2-D channel may or may not be used for 3-D channel.      
2.2.  3D Extension of the Channel Models

The 3D propagation model means that the multipath fading characteristics have to be modeled in two dimensions of azimuth and elevation, e.g. four angular spreads of departure and arrival of elevation and azimuth direction. In [4] of IST-WINNER II project some guidelines were given for the 3D modeling of AoDs and AoAs, that is, a specific step was considered to generate the elevation arrival and departure angle for each cluster. However, the most important elevation parameters were only reported for few limited scenarios. In the WINNER+ channel model defined in [5], the 3D channel modeling was considered more fully and elevation parameters are further expanded to five scenarios, including indoor, urban micro, urban macro, suburban macro and outdoor-to-indoor. The relevant auto- and cross-correlations between the elevation angles in BS and UE and between elevation and other LS parameters are also included.

2.2.1. Elevation distribution parameters
The power angular spectrum (PAS) of the elevation angles consists of two types of parameters: large scale and small scale. In the WINNER+ channel model, based on the assumption of a stationary environment, the small-scale distribution of elevation is modeled as either a wrapped or truncated Gaussian or a Laplacian distribution similar to that of azimuth angle. And the log-normal distribution is used for large scale parameter of the RMS elevation spread. The correlation between azimuth and elevation angles is achieved by the cross correlation between the large scale parameters of RMS angular spread. However, it might not be suitable for the situations where the scatters are highly concentrated around a certain direction and in such case the elevation and azimuth are highly correlated and a joint consideration of the azimuth angle and elevation angle is necessary. In some literatures, the Von Mises-Fisher (VMF) distribution, which has been proved to be appropriate for modeling spherical data, is used to characterize the joint power distribution of the azimuth and elevation angles. 

Proposal 4: The small-scale distribution of the elevation angle needs further study. A joint distribution of the azimuth and elevation angles needs to be considered also for some scenarios. 

Proposal 5: The large scale parameters of the RMS elevation spread in the WINNER+ model are based on relatively limited amount of measurement data and complementary results would be needed to improve the precision, such as distance dependent elevation angular spread at the BS.

2.2.2. Depolarization and coupling matrix
The polarization coupling describes how the polarization changes on the way from transmitter to receiver. In general, the coupling matrix can be seen as a transformation operation mapping the incoming signal on the polarization plane to an outgoing signal.  In 2-D channel model, waves are propagated on the same plane, e.g. the ground plane, and the depolarization is modeled by coupling between two orthogonal vertical and horizontal components as quantified by the XPR scaling factor. As a result, depolarization is only applied for polarization mismatch of transmitter and receiver antenna, such as between V-pol transmitter and H-pol receiver. In 3D propagation environment, depolarization is more complex since the incoming waves are not in the same plane as the outgoing waves. We need to modify the XPD model to incorporate such effects. 

Proposal 6: The XPD model from 2D needs to modify to incorporate the 3-D propagation effect. The dependence of the XPD on the elevation angle or distance and antenna orientation needs further study.

2.2.3. Channel generation

The channel impulse responses including the effect of elevation can be generated from the 2D model by the inclusion of the elevation component of each ray and a 3D representation of antenna array, as given in [2]. However, there is no description about how the azimuth and elevation angles of the rays in the cluster are combined. The random pairing coupling of the azimuth with elevation is just one possible option but other implementations like the fixed coupling of small elevation to small azimuth shall also be considered.

Proposal 7: The coupling of the azimuth and elevation angles of the rays in the cluster needs to define for 3-D channel generation. Different implementation options need to evaluated and analyzed.

3. Conclusions

In this contribution, we discussed several aspects to modify the 3GPP evaluation methodology in order to properly model the elevation dimension of the channel to enable elevation beamforming and FD-MIMO. In particular, we propose

Proposal 1: The individual radiation element pattern of both the vertical and horizontal plane needs to consider when modeling the AAS with a 2D array structure. The antenna gain needs also be defined on per element basis.

Proposal 2: The modeling of both electronic and mechanical down tilting needs to support for the 3-D antenna. The method described in TR 36.814 A2.1.6.2 can be reused.

Proposal 3: The modeling of the polarized antenna in 3-D channel needs further study. The angle-independent modeling method in current 2-D channel may or may not be used for 3-D channel.

With regarding to 3-D extension of the channel model, we propose the following:

Proposal 4: The small-scale distribution of the elevation angle needs further study. A joint distribution of the azimuth and elevation angles needs to consider also for some scenarios. 

Proposal 5: The large scale parameters of the RMS elevation spread in the WINNER+ model are based on relatively limited amount of measurement data and complementary results would be needed to improve the precision, such as distance dependent elevation angular spread at the BS.

Proposal 6: The XPD model from 2D needs to modify to incorporate the 3-D propagation effect. The dependence of the XPD on the elevation angle or distance and antenna orientation needs further study.

Proposal 7: The coupling of the azimuth and elevation angles of the rays in the cluster needs to define for 3-D channel generation. Different implementation options need to evaluated and analyzed.
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