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1 Introduction

In order to enable evaluation of 3-dimensional (3D) MIMO enhancements, a new channel model needs to be defined which encompasses channel properties in both azimuth and elevation dimensions [1]. In this contribution we provide our views on 3D channel extensions including 3D multipath channel characterization in both elevation and azimuth domains. A companion contribution provides our views on antenna patterns for two dimensional antenna arrays [2].
2 3D channel characterization

Channel model
For LTE-A evaluations, the elevation dimension is only considered in the antenna pattern model. The antenna pattern could only affect the amplitudes of the channel equally for all antennas in the vertical antenna array. For 3D MIMO enhancements, however, it would be desirable to consider individual amplitude and phase characteristics of the channel for each antenna element. For that purposes ITU channel model [3] can be adopted, where elevation angles and amplitudes of the rays are considered 
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To generate the required angular parameters in the elevation dimension, the principles defined for WINNER+ channel model can be reused [4], where distribution of the rays in the elevation are modelled similar to distribution in azimuth domain and described using the following parameters:

· elevation angle of departure spread (ESD),
· elevation angle of arrival spread (ESA),
· per cluster elevation angle of departure spread (CESD) and 
· per cluster elevation angle of arrival spread (CESA),
The actual values and corresponding distributions for elevation angular spreads are provided in the Appendix A.

Cross-correlation of large-scale parameters

The large-scale parameters of the channel (e.g. shadow fading, Ricean K factor, delay spread, and angle of departure/arrival spread) describe the main characteristics of the propagation environment and typically are correlated with each other. In channel model the correlation between large-scale parameters are described by cross-correlation matrix and for elevation extensions can be based on WINNER+ channel model. However, in some scenarios the resulting cross-correlation matrix might not be a positive definite, making correlation of the other large-scale parameters impossible for simulations. Two approaches may be considered to resolve the issue:
· Adjust cross-correlation values for new ESD and ESA parameters only, without affecting other large-scale parameters of the channel.
· Modify the entire cross-correlation matrix channel model to achieve its positive definiteness.
The resulting cross-correlation matrices are provided in the Appendix B, where for the second approach Higham algorithm was used [5] to find the closest possible positive definite matrix. 
3 Summary

Proposal 1: ITU channel model and elevation parameters based on WINNER+ channel model can be used for fast fading channel characterization in the vertical dimension.
Proposal 2: WINNER+ cross-correlation parameters for elevation angles should be adjusted, since the resulting cross-correlation matrix with other large-scale parameters is not positive definite.
Proposal 3: Adopt one of the modified cross-correlation matrices for the large-scale parameters as specified in the Appendix B.
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Appendix A
Large scale parameters describing statistics of the rays in elevation dimensions
	Scenarios
	O2I
	UMi
	UMa

	
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	ESD, log10([(])
	
	0.88
	0.4
	0.6
	0.7
	0.9

	
	
	0.34
	0.2
	0.2
	0.2
	0.2

	ESA, log10([(])
	
	1.01
	0.6
	0.88
	0.95
	1.26

	
	
	0.43
	0.16
	0.16
	0.16
	0.16

	CESD, (
	3
	3
	3
	3
	3

	CESA, (
	3
	7
	7
	7
	7


In ITU channel models angular spreads are modelled as random variable with log-normal distribution. Following the same principles for elevation angular spreads the cumulative distribution functions for ESD and ESA values are presented in the figures below.
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Appendix B
Modified cross-correlations of the elevation spread with other large-scale parameters 
	Scenarios
	O2I
	UMi
	UMa

	
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Cross-correlations
	ESD vs SF
	0
	0
	0
	0
	0

	
	ESA vs SF
	0
	0
	0
	-0.5
	-0.4

	
	ESD vs K
	N/A
	0
	N/A
	0
	N/A

	
	ESA vs K
	N/A
	0
	N/A
	-0.3
	N/A

	
	ESD vs DS
	-0.3
	0.3
	-0.5
	0.5
	-0.5

	
	ESA vs DS
	0
	0
	0
	0
	0

	
	ESD vs ASD
	0.3
	0.3
	0.5
	0.5
	0.5

	
	ESA vs ASD
	0
	0.2
	0.5
	0
	0

	
	ESD vs ASA
	0
	0
	0
	0
	0

	
	ESA vs ASA
	0.5
	0
	0
	0
	0

	
	ESD vs ESA
	0.5
	0
	0
	0
	0


Modified cross-correlations matrix of large-scale parameters

	Scenarios
	Original
	Produced by Higham Algorithm

	
	O2I
	UMi
	UMa
	O2I
	UMi
	UMa

	
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	ITU
	ASD vs DS
	0.4
	0.5
	0
	0.4
	0.4
	0.3151
	0.4099
	0
	0.3211
	0.4026

	
	ASA vs DS
	0.4
	0.8
	0.4
	0.8
	0.6
	0.3782
	0.7477
	0.4
	0.7106
	0.5992

	
	ASA vs SF
	0
	–0.4
	–0.4
	–0.5
	0
	-0.0111
	-0.3879
	–0.4
	-0.4899
	-0.0414

	
	ASD vs SF
	0.2
	–0.5
	0
	–0.5
	–0.6
	0.1566
	-0.4792
	0
	-0.4910
	-0.4566

	
	DS vs SF
	–0.5
	–0.4
	–0.7
	–0.4
	–0.4
	-0.4441
	-0.4316
	–0.7
	-0.4143
	-0.3972

	
	ASD vs ASA
	0
	0.4
	0
	0
	0.4
	0.0169
	0.4345
	0
	0.0558
	0.3612

	
	ASD vs K
	N/A
	–0.2
	N/A
	0
	N/A
	N/A
	-0.2397
	N/A
	-0.0157
	N/A

	
	ASA vs K
	N/A
	–0.3
	N/A
	–0.2
	N/A
	N/A
	-0.3230
	N/A
	-0.2178
	N/A

	
	DS vs K
	N/A
	–0.7
	N/A
	–0.4
	N/A
	N/A
	-0.6398
	N/A
	-0.3748
	N/A

	
	SF vs K
	N/A
	0.5
	N/A
	0
	N/A
	N/A
	0.4861
	N/A
	-0.0029
	N/A

	WINNER+
	ESD vs SF
	0
	0
	0
	0
	0
	0.0518
	-0.0208
	0
	-0.0093
	-0.0495

	
	ESA vs SF
	0
	0
	0
	-0.8
	-0.8
	-0.0156
	-0.0080
	0
	-0.8021
	-0.6632

	
	ESD vs K
	N/A
	0
	N/A
	0
	N/A
	N/A
	0.0397
	N/A
	0.0164
	N/A

	
	ESA vs K
	N/A
	0
	N/A
	0
	N/A
	N/A
	0.0152
	N/A
	0.0037
	N/A

	
	ESD vs DS
	-0.6
	-0.5
	-0.5
	-0.5
	-0.5
	-0.4986
	-0.4099
	-0.5
	-0.4178
	-0.5009

	
	ESA vs DS
	0
	0
	0
	0
	0
	-0.0306
	0.0344 
	0
	0.0187
	0.0025

	
	ESD vs ASD
	0.5
	0.5
	0.5
	0.5
	0.5
	0.4213
	0.4406
	0.5
	0.4487
	0.4537

	
	ESA vs ASD
	0
	0.5
	0.5
	0
	-0.4
	0.0237
	0.4773
	0.5
	-0.0117
	-0.2719

	
	ESD vs ASA
	0
	0
	0
	0
	0
	-0.0202
	-0.0345
	0
	-0.0581
	0.0134

	
	ESA vs ASA
	0.5
	0
	0
	0.4
	0
	0.5061
	-0.0132
	0
	0.3868
	-0.0370

	
	ESD vs ESA
	0.5
	0
	0
	0
	0
	0.4717
	0.0227
	0
	0.0122
	-0.0442
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