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1. Introduction

During email discussion in [74-08] after RAN1 #74, it has been agreed that one Global Coordinate System (GCS) should be used for the generation of channel propagation directions in order to align the coordinate system for both BS and UE sides. Several local coordinate systems (LCSs) should be used for deriving receive and transmit antenna element field patterns for flexibly supporting the modelling of mechanical downtilt angles. The angle of departure and the angle of arrival in 3D based on the GCS can be mapped to the LCS based on BS and UE orientations, or vice versa.  It was further agreed that elevation propagation angles and mechanical/electrical downtilt angles related to antenna patterns are defined from Zenith.
In order to facilitate a crystal clear definition of 3D environment for 3D wireless channel propagation and also introduce 3D antenna element field pattern, the following diagrams, definition of angle parameters and terminology are proposed here.  
2. Angle Parameters in the Horizontal Plane
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Figure 1 BS and MS Angle parameters in the horizontal plane
Figure 1 shows definitions of angle parameters in the horizontal plane which are slightly modified from Figure 5.2 in 3GPP 25.996 [1] taking into account the terminology of the channel generation procedure of 36.814 [2] and WINNER II [3]. The angles shown in Figure 1 that are measured in a clockwise direction are assumed to be negative in value. 
The following definitions of angle parameters are proposed:

[image: image2.wmf]BS

W


BS antenna array orientation in the horizontal plane, defined as the broadside of the BS array with respect to the absolute North (N) reference direction
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MS antenna array orientation in the horizontal plane, defined as the broadside of the MS array with respect to the absolute North (N) reference direction 


[image: image4.wmf]AoD

LOS

,

j


LOS AoD (Azimuth of Departure) direction between the BS and MS in the horizontal plane with respect to the broadside of the BS array 
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LOS AoA (Azimuth of Arrival) direction between the BS and MS in the horizontal plane with respect to the broadside of the MS array 
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AoD for the nth (n = 1 … N) path in the horizontal plane with respect to the LOS AoD 
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AoA for the nth (n = 1 … N) path in the horizontal plane with respect to the LOS AoA 
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AoD for the mth (m = 1 … M) subpath of the nth path in the horizontal plane with respect to 
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AoA for the mth (m = 1 … M) subpath of the nth path in the horizontal plane with respect to 
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Absolute AoD for the mth (m = 1 … M) subpath of the nth path at the BS in the horizontal plane with respect to the BS broadside 
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Absolute AoA for the mth (m = 1 … M) subpath of the nth path at the MS in the horizontal plane with respect to the MS broadside
[image: image19.wmf]MS

W

 

[image: image20.wmf]v

j


Angle of the velocity vector in the horizontal plane with respect to the MS broadside 
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3. Angle Parameters in the Elevation Plane
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Figure 2 MS Angle Parameters in 3D 
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Figure 3 MS Angle Parameters in the Elevation Plane
Figure 2 shows MS angle parameters in 3D to visualize a 3D propagation channel. Figure 3 shows exact definitions of MS angle parameters in the elevation plane. All zenith angles/polar angles are independent of the x and y axes. The angles shown in Figure 3 that are measured in a clockwise direction are assumed to be negative in value. The BS elevation angle parameters can be defined similarly. 
Note that zenith angles 
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 should be rounded to 0 and 180 degree after random generation and summation of angles.  

The following definitions of angle parameters are proposed:
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LOS ZoD (Zenith of Departure) direction between the BS and MS in the elevation plane with respect to Zenith reference direction
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LOS ZoA (Zenith of Arrival) direction between the BS and MS in the elevation plane with respect to Zenith reference direction
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ZoD for the nth (n = 1 … N) path in the elevation plane with respect to the LOS ZoD 
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ZoA for the nth (n = 1 … N) path in the elevation plane with respect to the LOS ZoA 
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ZoD for the mth (m = 1 … M) subpath of the nth path in the elevation plane   with respect to 
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ZoA for the mth (m = 1 … M) subpath of the nth path in the elevation plane with respect to 
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Absolute ZoD for the mth (m = 1 … M) subpath of the nth path at the BS in the elevation plane with respect to Zenith
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Absolute ZoA for the mth (m = 1 … M) subpath of the nth path at the MS in the elevation plane with respect to Zenith
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Angle of the velocity vector in the elevation plane with respect to Zenith

4. Polarization Slant Angle and Polarized Antenna Modelling
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Figure 4 Definition of Polarization Slant Angle 

It is proposed to reuse the methodology in 36.814 [3] for modelling polarized antenna element patterns. Therefore the polarization is modelled as propagation-angle-independent in both azimuth and elevation. The polarization slant angle is defined with respect to the horizontal plane. The angles measured below the horizontal plane are assumed to be negative in value.
For a linear polarized antenna array the antenna element field patterns at the UE side can be given as:
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for the vertical polarization and horizontal polarization respectively, and 
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 is the polarization slant angle at the MS side. The antenna element field pattern at the BS side can be given similarly. 

5. LoS Channel Coefficient of 3D Channel Modelling
The generic channel equation has been discussed in [4] and agreed as working assumptions subject to further discussion of coordination system definitions. One major change is to assume the same phase shift between VV and HH polarizations in the LoS propagation condition, e.g. 
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Figure 5 Polarized Antennas in LOS
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Let’s consider a one-by-one polarized antenna system shown in Figure 5 with only a single LOS propagation path where the polarization slant offset angles at BS and MS are 45 degree and -45 degree respectively. Assuming that both BS and MS sides have aligned their strongest antenna element field patterns and broadsides with the LoS direction, for simplicity, e.g.
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, the channel coefficient of LoS in [4] for Figure 5 can be simplified and represented as:

[image: image47]
Figure 6 Polarized Antennas in LOS
However, if we assume that the broadside of MS is facing left without changing the MS antenna element placement, e.g. the placements of antenna elements in Figure 6 and 5 are identical except for defining a new MS broadside, the MS slant angle becomes 45 degree in Figure 6. Consequently, the channel coefficient of LoS for Figure 6 is represented as:
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The above observation suggests that as long as the BS and MS slant offset angles are symmetrical around the horizontal plane and broadsides of BS and MS are aligned, e.g.
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in Figure 5, the propagation channel can provide the constant and largest antenna gain with random phase shift. However it seems to be less reasonable, especially for the case when BS and MS antenna elements are shifted relative to each other by 90 degree in LoS. On the other hand, comparing Figure 5 and Figure 6, the antenna gain is dramatically switched between 0 and 1 just because of different MS broadside directions. However the examples given Figure 5 and Figure 6 are supposed to be no difference due to MS omni-directional antenna element pattern and identical antenna placement. 
Such a problem has been discussed in [5] for PMI distribution and codebook design, majorly for NLoS. It was observed that introducing “virtual” vertically and horizontally polarized antenna elements will lead to serious biased PMI distribution when the projection is required. However such a problem might be more severe because of 
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.  Moreover LoS state might be quite often for the UE with high altitude, e.g. for a high rise scenario. The observation given above suggests that the antenna gain in LoS will be changed dramatically when MS orientation is changed even without changing MS antenna array placement. 
Therefore with the given definition of polarization slant angle and polarized antenna modelling in section 4, it is proposed that LoS channel coefficient equation should be FFS at least. 

6. Conclusions

Definitions of angle parameters and associated coordinate systems have been discussed for 3D wireless propagation channel in this tdoc. 
· It is proposed to adopt sections 2 and 3 into the TR in order to have clear definitions of all angles related to the 3D propagation channel. 
· Section 4 presents the definition of polarization slant angle and polarized antenna modeling. It is proposed to reuse the 3D antenna element field pattern defined in [2]. 

· Based on the above angle definitions, it is proposed to FFS LoS channel coefficient equation at least.   
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