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1. Introduction

 [1] and [2] provide some basic assumptions and parameters related to the 3D MIMO channel modelling. In this contribution, we propose a 3D channel model suitable for RAN1 performance simulation and evaluation.
2. 3D Channel Model
For 3D channel modelling, the propagation occurs in both horizontal and vertical planes. The vertical plane is considered in large scale in the current ITU channel model, whereas in small scale the elevation angle spread is still zero. Therefore the ITU channel model is not a full 3D model. We use the ITU channel models as starting points for 3D channel model because the ITU channel models have been used and calibrated extensively. The main deployment scenarios for 3D modelling are Indoor small office, OI, Urban micro-cell, Suburban macro-cell, Urban macro-cell. The elevation angles are added into the 2D channel model in these scenarios as illustrated in Figure 1.
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Figure 1. Relation between elevation angles and azimuth angles in 3D channel

Two large scale parameters, elevation angle of departure (EoD) and elevation angle of arrival (EoA), are added into the 3D channel model. Cross-correlation parameters between the two large scale parameters and the other five large scale parameters (delay, angle of departure (AoD), angle of arrival (AoA), Shadow Fading standard deviation, Ricean K-factor[3] [4])  are proposed by WINNER+ [5] in table 2 in the Annex. 
The characteristics of the elevation angles are added into the model in order to generate the 3D channel. The procedure for generating the elevation angles of arrival and departure is analogous to the procedure for generating the azimuth angles in the ITU channel models. Azimuth rms angle spread values and cluster-wise azimuth spread values are replaced by corresponding elevation parameters from Annex Table 1. These elevation parameters are adopted from WINNER+ [5]. 
The CDF curves for simulated elevation angles of arrival and departure for some scenarios in both LoS and NLoS cases are shown in Figures 3-6 for the sake of calibration between companies. 
A generic 3D channel coefficient can be written as:
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where 
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 are the antenna element u field patterns for vertical and horizontal polarizations respectively. 
The parameters 
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 are the complex gains of vertical-to-vertical, horizontal-to-vertical, horizontal-to-horizontal, and vertical-to-horizontal polarisations of ray n,m respectively, 
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is the wavelength, and 
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is the Doppler frequency of ray n,m. 
In the LoS case, we define 
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 and the channel coefficients of LoS are composed of two weighted NLoS and LoS components by adding a single line of sight ray and scaling down the other channel coefficient generated by equation (14). The channel coefficients are given by:
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where 
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 is the Dirac delta function and
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 is the Ricean K-factor .
The projection between the departure wave and Tx antenna array is given by a scalar product as follows:
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where 
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 is location vector of transmitter array element s, 
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 is departure angle unit vector of ray n ,m and 
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 are the components of 
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 projected onto the x, y and z-axis respectively, 
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are the departure azimuth and elevation angles of the ray n,m respectively, 
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 are the arrival azimuth and elevation angles of the ray n,m respectively. The projection between the incoming wave and Rx antenna array can be defined similarly. 
The movement of UEs is assumed to be in both the horizontal and vertical dimensions. Then, the Doppler frequency of ray n,m can be expressed as
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where 
[image: image28.wmf]v

 is the absolute velocity, 
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are the azimuth and elevation angles of the velocity vector respectively, and 
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 are the azimuth and elevation of the ray n,m at the UE side respectively.

3. Conclusions
This contribution proposes the channel model for 3D MIMO evaluations. 
A generic 3D channel model is proposed starting from the ITU channel models and taking into account the WINNER+ 3D model.
Therefore we propose the following:
· A generic 3D channel model should be adopted based on the WINNER+ 3D model and ITU channel model. 3D movement of the UEs can be modelled if necessary.  
· For the 3D channel model, the WINNER+ 3D model,  ITU channel scenarios and corresponding parameters should be adopted for initial evaluation. Elevation AS parameters and cross-correlations of elevation parameters are subject to further confirmation by field measurements. 
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5. Annex
Annex A: Elevation parameter[3] [4]
Table1: Elevation Parameters

	     scenarios
parameters
	A1

(Indoor

Hotspot)
	A2

(Indoor
Outdoor)
	B1

(Urban
micro-cell)
	C2

(Urban
macro-cell)
	C1

(Suburban
macro-cell)

	
	LOS
	NLOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	ES EoD spread (ESD) log10([])
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	0.88
	1.06
	0.88
	0.40
	0.60
	0.70
	0.90
	0.70
	0.90

	
	
[image: image34.wmf]s


	     0.31
	0.21
	0.34
	0.2
	0.2
	0.2
	0.2
	0.2
	0.2

	E  EoA spread (ESA) log10([])
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	0.94
	1.10
	1.01
	0.60
	0.88
	0.95
	1.26
	1.08
	1.00

	
	
[image: image36.wmf]s


	0.26
	0.17
	0.43
	0.16
	0.16
	0.16
	0.16
	0.16
	0.16


Table 2: Cross-correlations of Elevation Parameters

	  scenarios
parameters
	A1

(Indoor

Hotspot)
	A2

(Indoor

Outdoor)
	B1

(Urban

micro-cell)
	C2

(Urban

macro-cell)
	C1

(Suburban

macro-cell)

	
	LOS
	NLOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	ESDvsSF
	-0.4
	0
	0
	0
	0
	0
	0
	0
	0


-0

	8
	-0.8
	-0.8

	ESDvsK
	0
	N.A
	N.A
	0
	N.A
	0
	N.A
	0
	N.A

	ESAvsK
	0
	N.A
	N.A
	0
	N.A
	0
	N.A
	0
	N.A

	ESDvsDS
	-0.5
	-0.6
	-0.6
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5
	-0.5

	ESAvsDS
	0.7
	0
	0
	0
	0
	0
	0
	0
	0

	ESDvsASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	ESAvsASD
	0
	0
	0
	0.5
	0.5
	0
	-0.4
	0
	-0.4

	ESDvsASA
	0
	0
	00
	0
	0
	0
	0
	0
	0

	ESAvsASA
	0.5
	0.5
	0.5
	0
	0
	0.4
	0
	0.4
	0

	ESDvsESA
	0.4
	0.5
	0.5
	0
	0
	0
	0
	0
	0


Table 3  Cluster Parameters

	    scenarios
parameters
	A1

(Indoor

Hotspot)
	A2

(Indoor

Outdoor)
	B1

(Urban

micro-cell)
	C2

(Urban

macro-cell)
	C1

(Suburban

macro-cell)

	
	LOS
	NLOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	CESD
	3
	3
	3
	3
	3
	3
	3
	3
	3

	CESA
	3
	3
	3
	7
	7
	7
	7
	7
	7


Annex B: Elevation parameters calibration
Simulated CDF curves for elevation angles of departure and arrival for all (five) scenarios in the NLOS case are shown in Figures 2and 3. 

[image: image37]
Figure 2 CDF of Elevation Angle of Departure (NLOS)


[image: image38]
Figure 3 CDF of Elevation Angle of Arrival (NOLS)

Simulated CDF curves for elevation angles of departure and arrival for all (four) scenarios in the LOS case are shown in Figures 4 and 5.


[image: image39]
Figure 4 CDF of Elevation Angle of Departure (LOS)


[image: image40]
Figure 5 CDF of Elevation Angle of Arrival (LOS)
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