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1. Introduction

The current 3GPP spatial channel model is based on the azimuth angle in 2D without considering a vertical dimension [1][2], which is also defined in ITU-R channel model [3]. Until 3GPP RAN1#74bis, many progresses in 3D channel model have been made. However, there still are several uncovered issues, especially in the UE side such as a submitted WF [4] on UE orientation. This contribution discusses some considerations in the UE side on extending from 2D-channel model to 3D-channel model.
2. UE side 3D channel model issues
Introducing elevation angle in the process of determining 3D channel model, UE side modification is also required in some points. In this contribution, issues on UE antenna pattern and UE orientation with elevation angle are discussed.
2.1. UE Antenna Pattern
In current 3GPP 2D channel model, UE-side antenna pattern is omni-directional in azimuth plane, which means that the antenna response is uniform without respect to the direction of UE bore-sight. However, antenna pattern in vertical direction is not defined. Discussing 3D channel model, there are requirements of introducing elevation angle parameters such as ZoA, which means the antenna pattern on the UE side needs also to be considered for the vertical direction. It may be possible to assume isotropic UE antenna pattern, implying the antenna response in vertical direction is also uniform, but it may not be realistic. 

Half-lambda dipole antenna can be an example of UE side antenna. It consists of two antenna folded against each other, and the length of the whole radiating part is λ/2, as in Figure 1.
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Figure 1. Half-lambda dipole antenna
Electric field generated by this antenna is given by
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where,
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 = electric field strength in 
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Z = intrinsic impedance (about 377
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r = distance.
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Corresponding antenna pattern is given by
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where D is the directivity of antenna, and D≈1.63 for half-lambda dipole case. It is depicted as “donut” shape, as in Figure 2.
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Figure 2. Half-lambda dipole antenna pattern
Antenna is located in the center of “donut” penetrating the hole inside, marked with the red line in Figure 2. As observed in Figure 2, the antenna pattern is uniform in the azimuth plane, which is consistent with current 3GPP 2D channel model. Moreover, it is also observed that the pattern changes along elevation angle. 

In the case of the elementary doublet, which is a dipole antenna with very small antenna length, it has simpler formula. Its antenna field pattern is represented as
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Corresponding antenna pattern is given by

[image: image15.wmf][

]

2

sin

q

D

G

=

                                                                 (4)
where D=1.5 for the elementary doublet case. In (4), only 
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 is required to represent the antenna pattern, which is much simpler than (2), and also it shows very similar antenna pattern with (2). Thus, it can be used as the UE side antenna pattern as an approximation of the half-lambda dipole antenna pattern. Note it may be beneficial to provide the antenna field patterns as the form of (1) or (3) in addition to the antenna gain pattern of (2) or (4), since it reflects several physical aspects such as polarization. 
As seen in the dipole antenna given above, UE side antenna gain can be changed along the elevation angle. Moreover in a long term perspective, it would be desirable to make antenna model that could encompass different antenna patterns such as directional antenna patterns. In this regard, antenna pattern in the UE side capturing such differences along the 3D angle should be considered, and more realistic UE antenna pattern as (2) or (4) should be applied.
Proposal 1: Antenna pattern corresponding to 3D angle should be considered in 3D channel model, and more realistic UE antenna patterns as (2) or (4) should be applied.
2.2. UE Orientation
When determining UE orientation in 3D domain, two angles are not enough, although UE bore-sight can be determined with two angles – azimuth and elevation angle. In 2D model, UE antenna element location is uniquely determined with only the UE azimuth bore-sight angle. On the contrary, in 3D channel, the UE antenna element location cannot be uniquely determined even with two angles of the azimuth and elevation bore-sight angles.
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Figure 3. Example of different UE antenna element locations even with the same bore-sight direction
As seen in Figure 3, UE antenna elements are differently located with respect to a different value of 
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, the rotation angle of UE-side antenna array, even with the same bore-sight angle 
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. Therefore, in order to determine UE orientation in 3D channel, at least three parameters - azimuth, elevation, and rotation angle, for example - are required.
Value or distribution of each UE orientation parameter is desired to be left open in the TR so as to be determined per considered evaluation scenario, e.g., uniform distributions for all 
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for some evaluation cases. A baseline of 3D UE orientation distribution/value can instead be captured in the TR as below:
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which is the same as the current 2D UE orientation.
Proposal 2: UE orientation should be defined in 3D domain, e.g., according to three angles 
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 can be captured in the TR as a baseline UE orientation.
Followings are corresponding text proposal about step 1, accommodating the above discussed 3D UE orientation:
[--------------------------------------- Start of Text proposal ---------------------------------------]

General parameters:

Step 1: Set environment, network layout, and antenna array parameters

a) Choose one of the scenarios (3D-UMa, 3D-UMi). Choose a global coordinate system and define zenith angle θ, azimuth angle ϕ, and spherical basis vectors 
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, 
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 as shown in Figure 7.3-2.

b) Give number of BS and UT

c) Give 3D locations of BS and UT, and LOS AOD (ϕLOS,AOD), LOS ZOD (θLOS,ZOD), LOS AOA (ϕLOS,AOA), LOS ZOA (θLOS,ZOA) of each BS and UT in the global coordinate system

d) Give BS and UT antenna field patterns Frx and Ftx in the global coordinate system and array geometries

e) Give BS array orientations with respect to the global coordinate system
f) Give UT array orientation with 
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 with respect to the global coordinate system
g) Give speed and direction of motion of UT in the global coordinate system
h) Give system centre frequency

[--------------------------------------- End of Text proposal  ---------------------------------------]

In addition, parameters and/or vectors in channel coefficient formula can be differently defined according to the considered coordinate system, i.e., GCS or LCS. For example, ZoA and AoA can be found in Global Coordinate System (GCS) by selecting a global reference direction such as north. On the other hand, ZoA and AoA can be determined in Local Coordinate System (LCS) by selecting a reference local direction such as UE bore-sight. Those parameters and/or vectors defined in one coordinate can be transformed into those in another coordinate by applying a transformation method given in [5], i.e., transformation from GCS to LCS, and vice versa. Corresponding text proposal about step 11 is given as follows:
[--------------------------------------- Start of Text proposal ---------------------------------------]
Step 11: Generate channel coefficients for each cluster n and each receiver and transmitter element pair u, s.

For the N – 2 weakest clusters, say n = 3, 4,…, N, the channel coefficients are given by:
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where Frx,u,θ and Frx,u,ϕ are the receive antenna element u field patterns in the direction of the spherical basis vectors, 
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 respectively, Ftx,s,θ and Ftx,s,ϕ are the transmit antenna element s field patterns in the direction of the spherical basis vectors, 
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 is the spherical unit vector with azimuth arrival angle ϕn,m,AOA and elevation arrival angle θn,m,ZOA, given by 
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where n denotes a cluster and m denotes a ray within cluster n. 
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 is the spherical unit vector with azimuth departure angle ϕn,m,AOD and elevation departure angle θn,m,ZOD, given by
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where n denotes a cluster and m denotes a ray within cluster n. Also, 
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is the location vector of receive antenna element u and 
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is the location vector of transmit antenna element s, n,m is the cross polarisation power ratio in linear scale, and 0 is the wavelength of the carrier frequency. If polarisation is not considered, the 2x2 polarisation matrix can be replaced by the scalar 
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 and only vertically polarised field patterns are applied.

The Doppler frequency component vn,m is calculated from the arrival angles (AOA, ZOA), UT velocity vector 
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with speed v, travel azimuth angle ϕv, elevation angle θv and is given by 
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Note that Ftx,s,θ, Ftx,s,ϕ, 
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 can be converted between GCS and LCS by a transformation method given in [5].

Note that Frx,u,θ, Frx,u,ϕ, 
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 can be converted between GCS and LCS by a transformation method given in [5] with substituting α = 
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 [--------------------------------------- End of Text proposal  ---------------------------------------]
3. Conclusion
In this contribution, we discussed the UE antenna pattern and UE orientation, which have impacts to the 3D channel model. The proposals based on the discussion are given as follow:
Proposal 1: Antenna pattern corresponding to 3D angle should be considered in 3D channel model, and more realistic UE antenna patterns as (2) or (4) should be applied.
Proposal 2: UE orientation should be defined in 3D domain, e.g., according to three angles 
[image: image60.wmf]A

UT

,

W

, 
[image: image61.wmf]Z

UT

,

W

, and 
[image: image62.wmf]R

UT

,

W

. Uniform distribution on [0, 2π] for 
[image: image63.wmf]A

UT

,

W

, 90° for 
[image: image64.wmf]Z

UT

,

W

, and 0° for 
[image: image65.wmf]R

UT

,

W

 can be captured in the TR as a baseline UE orientation.
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