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1. Introduction

The SID of study on 3-D channel model was agreed in RAN#58 meeting [1]. The objectives are listed as follow:
· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO
· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. Work done outside 3GPP (WINNERII/WINNER+, channel modeling documentation available in public domain) can be used.

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by  Rel-11) with the modified evaluation methodology  

In this paper, the 3-D channel model with vertical velocity component and polarized array structure is presented. The distribution of the departure and arrival angle for azimuth and elevation domain in both LOS (Line-Of-Sight) and NLOS (Non-Line-Of-Sight) cases are evaluated. In our companion contribution [2], the scenarios for UE-specific elevation beamforming and FD-MIMO are discussed.
2. 3-D channel modeling

In this section, we will briefly describe the 3-D coordinate system and the generation of channel coefficients.
2.1. Coordinate system for 3-D channel
3-D channel coordinate system is shown in Figure 1, where k is the signal direction, 

[image: image1.wmf]q

 denotes the elevation angle of signal direction,  denotes the azimuth angle of signal direction. The antenna array is located in y-z plane and 
[image: image3.wmf]a

is the polarization slant angle. 
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Figure1. Coordinate system for 3-D channel

2.2. 3-D channel parameter
In 3-D channel model, the array response depends not only on the azimuth 
[image: image5.wmf]f

at BS (Base Station) and 
[image: image6.wmf]j

at MS (Mobile Station) but also on the elevation
[image: image7.wmf]q

 at BS and 
[image: image8.wmf]h

 at MS side. Therefore, both horizontal and vertical dimensions should be considered. The 3-D channel parameters can be straightforwardly extended from the 2-D channel modeling as follows,
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Where,                                                                                                                                                             
· 
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and 
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polarized responses of the BS antenna element s at incoming wave direction respectively, 
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are departure azimuth angle and elevation angle of ray n, m 

· 
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 is the location of transmit array element s
· 
[image: image17.wmf],,,,,,

[sin()cos()sin()sin()cos()]

T

nmnmnmnmnmnm

L=qfqfq

 is departure angle unit vector of ray n , m
· 
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denote the product of vector 
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polarized responses of the MS antenna element u at incoming wave direction respectively, 
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are arrival azimuth angle and elevation angle of ray n, m 

· 
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is the location of receive array element u
· 
[image: image28.wmf],,,,,,

[sin()cos()sin()sin()cos()]

T

nmnmnmnmnmnm

Y=hjhjh

is arrival angle unit vector of ray n , m
· 
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 is the Doppler frequency component , which  is calculated from arrival azimuth angle 
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, arrival elevation angle
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, MS speed v and direction
· 
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is the phase offset of the mth subpath of the nth path between the x-component of the BS element and the y component of the MS element 

In LOS case, define 
[image: image33.wmf]n
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 and determine the channel coefficients by adding a single line-of-sight ray and scaling down the other channel coefficient generated by (1). The channel coefficients are given by:
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Where 
[image: image35.wmf]d

(.) is the Dirac’s delta function and
[image: image36.wmf]R

K

is the Ricean K-factor.
Polarized array response:
In 3-D channel modeling, the incoming wave direction has to be modeled in three dimensions, which is expressed with azimuth and elevation angles, therefore, the array response need to be extended to three dimensions. For polarized array, the components in horizontal and vertical directions need to be considered. Based on the deduction in [3], the polarized response in (1) can be replaced by
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Doppler shift:
In 2-D channel model, UE moves in horizontal plane only, taking no account of movement in vertical dimension and the Doppler frequency component is calculated as follows.
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In three-dimension space, the velocity vector can be denoted as, 
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 is the absolute value of the velocity vector,
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are the angles of velocity vector in horizontal and vertical directions respectively. 
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 is the arrival angle unit vector of ray n , m, 
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is the carrier wavelength. The Doppler frequency component in 3-D channel can be given as
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3. Angle and delay distribution  
In order to ensure coherence of evaluation results from different companies, calibrations of channel models are usually required. Therefore, in this section, we verify the statistical distributions of certain key parameters based on the description of channel coefficient generation procedure in WINNER II[4].
Table1 gives the median output values of Delay Spread (DS), Azimuth Spread (AS) and Elevation Spread (ES). Figure 2 and Figure3 show the ray departure and arrival angle distribution of azimuth and elevation domain in LOS and NLOS cases. The delay distribution of each ray is depicted in Figure 4.
Table1. Expectation of (median) output values for large scale parameters
	Scenario
	DS (ns)
	AS at BS (º)
	AS at UT (º)
	ES at BS (º)
	ES at UT (º)

	UMa
	LOS
	108
	13
	53
	5
	11

	
	NLOS
	486
	17
	70
	8
	27
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Figure2. Departure and arrival azimuth angle distribution
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Figure3. Departure and arrival elevation angle distribution
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Figure4. Delay distribution
4. Conclusions
In this contribution, the 3-D channel model is extended including the derived expression of array response for polarized structure and Doppler shift induced by vertical component of velocity. The distribution of the departure and arrival angle for azimuth and elevation domain in both LOS and NLOS cases are evaluated.  
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