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1 Introduction
At RAN1#73 meeting, the working assumption was agreed that the 3D channel modeling will be based on current ITU channel model and the related steps to generate the 3D channel [1]. In step 11, it is to generate channel coefficients. To incorporate the elevation in the channel coefficients generation, the basic ITU channel coefficient generation procedure can be reused to a large extent except for some extensions and modifications considering the channel characteristic of the elevation domain. In this paper, we discuss the channel coefficients generation and the related antenna modeling issue in the 3D channel modeling, and give our views. 
2 3D channel model coefficient generation 
2.1 Channel coefficients generation
For channel coefficients generation procedure, the following natural modifications should be made to incorporate the elevation: 
·   Phase shift computation is based on the inner product of the 3D location vector of antenna element/port and the 3D unit vector of departure or arrival direction, which is the projection of the antenna element /port location vector on the direction of departure or arrival. 
·   Doppler frequency component computation is based on the inner product of the 3D velocity vector and the 3D unit vector of arrival direction, which is the projection of the velocity vector on the direction of arrival. 
·   Field patterns are based on the agreed 3D antenna model [2]. 

Specifically, based on description of Step 10a in 36.814, the channel coefficients for the NLOS case are given by:
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where 
·   Frx,u,V and Frx,u,H are the receive (rx) antenna element u field patterns for vertical (V) and horizontal (H) polarizations, respectively; 
·   Ftx,s,V and Ftx,s,H are the transmit (tx) antenna element s field patterns for vertical and horizontal polarizations, respectively, where antenna element s should be understood as antenna port and the field pattern is as given in the agreed 3D antenna model [2]; 
·  
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 is the spherical unit vector with azimuth angle of 
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is the spherical unit vector with azimuth angle of 
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;
·  
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 is the location vector of element u; 
·   
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 is the location vector of element s. It should be noted that for antenna port corresponding to a sub-array, the location vectors corresponds to the reference antenna element of the sub-array in the Antenna Array for AAS as given in the agreed 3D antenna model [2]. 
The above two unit vectors 
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 are respectively given by 
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The Doppler frequency component is calculated from the angle of arrival (downlink), UT speed v and direction of travel v
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where 
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 is the velocity vector of UT with speed v and travel azimuth angle of 
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and elevation angle of v. vector 
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can be given by 
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(2b)
Similarly, the channel coefficients for the LOS case are given by:
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where (.) is the Dirac delta function and KR is the Ricean K-factor defined in Table B.1.2.2.1-4 [3] converted to linear scale. 

For the LOS case, an important modification for linear polarization we propose is to set equal random initial phase for both VV and HH polarizations in the LOS case, i.e., 
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This co-phase diagonal elements of the polarization matrix can be verified by the measurement campaign in [4] , as shown in Fig.1, where the received power at Rx is given for linear polarization with slant angle of from 0°to 360°and polarization of 0°corresponds to the vertical polarization direction. It can be observed from Fig.1 that when the circularly-polarized wave was transmitted, the received power remained stable regardless of the polarizations of Rx antenna. When the vertical linearly-polarized wave was transmitted, i.e. the polarization was along 0°, the received power achieved the maxima when the Rx polarization matched the Tx polarization, and reduced to the minima when the Rx and Tx polarizations were orthogonal， i.e. being   90°or 270°polarized. It is evident that the polarization of the transmitted waves does not change in the LoS scenario considered in the measurement. 
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Fig.1 Power distribution for different polarization in the LOS case
Proposal 1: For NLOS, the channel coefficient generation is based on equation (1), (2a), (2b) and (3); for  the LOS case, the channel coefficient generation is based on equation (3) and the random initial phase for both VV and HH polarizations is set to be equal i.e., 
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2.2 Antenna patterns discussion 
In the channel coefficient generation, the transmit antenna element field patterns Ftx,s,V and Ftx,s,H  are dependent on the antenna pattern and the polarizations [3] . Regarding the antenna patterns, two antenna modeling methodologies were discussed during RAN1#72bis meeting. One methodology is to define the element pattern and the related parameters to generate the port antenna pattern. Alternatively, the composite port antenna pattern is directly defined. 
· Alt. 1: element based antenna modeling

1) define the element pattern ,

2) define the element spacing

3) define the K value

4) define the weight factor W

· Alt. 2: port based antenna modeling

1) define the port antenna pattern 
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    Fig.2: Antenna gain of two antenna patterns          Fig.3: Geometry of two antenna patterns
Alt. 1 was agreed as the assumption for the initial calibration. But for the further investigation on elevation beamforming and performance evaluation, the antenna modeling should be carefully considered. In Fig.3, it can be seen that the geometry for these two models are significantly different, which will impact on the consequent evaluations. For the element based antenna modeling, it has the side lobe fluctuation, which can reflect the real spatial channel characteristic more accurately. For the port based antenna modeling, it is simple but not realistic. It can hardly be implemented in practical system. On the other hand, comparing with the fixed port antenna pattern, the element based antenna modeling is flexible to generate the antenna pattern for any number of elements. According the aforementioned analysis, we have the following proposal: 
Proposal 2: Element pattern and the related parameters should be defined to generate the desired port antenna pattern for the purpose of performance evaluation.
3 Conclusion

In this contribution, we discussed the channel coefficient generation in the 3D channel modeling, which is based on the extension of ITU channel model in 36.814. Based on the discussion, we have the following proposals:
Proposal 1: For NLOS, the channel coefficient generation is based on equation (1), (2a), (2b) and (3); for the LOS case, the channel coefficient generation is based on equation (3) and the random initial phase for both VV and HH polarizations is set to be equal i.e., 
[image: image25.wmf]vvhh

LOSLOS

F=F

.
Proposal 2: Element pattern and the related parameters should be defined to generate the desired port antenna pattern for the purpose of performance evaluation.
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