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Introduction
[bookmark: _Ref285567208][bookmark: _Ref309031993]A SID on 3D-channel model for elevation beam forming and FD-MIMO (FS_LTE_3D_channel) was agreed in RAN # 58 meeting in Barcelona, Spain, in December 2012 [1]. According to the SID, 3D (elevation) parameters need to be specified.

The available spatial channel models, SCM [1], SCME [3], WINNER I [4], IEEE 802.11n [5], and IMT-Advanced [6] do not include elevation parameters. However, some limited elevation parameters are presented in WINNER II [7] and WINNER+ [8]. 

This contribution proposes elevation parameters based on literature and measurements according to [8] and [9].
Technical Background
Most of the standardized radio channel (propagation) models [1] – [6] are two-dimensional (2D) in the sense that they use only geometrical xy-coordinates (azimuth plane) or equivalent parameters like distance and angle of arrival/departure. Elevation dimension has been left out due to considerably smaller angular spread in elevation dimension than in azimuth. This assumption is not necessarily valid in all environments, but has been sufficient until now. Due to the increased requirements in eNodeB beam forming (e.g. UE-specific elevation beam forming), vertical sectorization, and FD-MIMO, a new channel model is needed with enables modeling in both vertical and horizontal dimension of the environment as well as user locations in the network [1]. Additionally, 3D parameters are important in terms of development of UE multi-antenna technologies.
The geometric modeling principle of IMT-Advanced channel model [6] can be extended to 3D. For instance, WINNER II channel model [7] specifies a generic model for 3D modeling. Nevertheless, a complete parameterization for 3D MIMO channel model is missing from WINNER II.
In this contribution we summarize results for elevation angle behavior in the literature to be used in 3D radio channel models. Our contribution is to propose elevation parameters based on WINNER results [7], [8], and other literature [9]. 
Channel Model Framework

Figure 1 illustrates the geometric parameters for 3D channel model. Azimuth and elevation angles of paths are defined by  and , respectively. The same illustration applies for both uplink and downlink (and both TX and RX). Polarization is defined by E and E vectors. For simplicity, we use notation v = E and h = E in the equations. 
[image: ]

Figure 1. Illustration of the 3D channel model.


Mathematical framework of the proposed model is the following. The MIMO channel matrix H is


 			(1) 

where 

  		   			 	(2)

 		  			 	 (3)

are complex 3-D field pattern matrices of receiver and transmitter antennas, respectively. In this model, antenna arrays of transmitter and receiver sites consist of a multiple of measured or simulated antenna elements coupled to a common source. Thus, the complex valued field patterns in equations (2) and (3) include a spatial relationship between the elements contributing the phase steering of the signal.   
 
The propagation channel response matrix h for wave n and sub-wave (ray) m including polarization is


,	    				(4)



where and are cross polarization ratio (XPRV and XPRH) and phase of each cluster, wave and polarization, respectively, pu and ps are receive and transmit polarizations, respectively, while p denotes polarization in general.

Doppler shift  of each cluster and wave is written out as
				(5)






where  is the absolute value of the speed vector of the mobile,  and  are azimuth and elevation angles of the velocity, respectively,  and  are the azimuth and elevation angles of arrival, and is the wave length of the carrier frequency. We often can assume that the motion of mobile is horizontal only. Then, the above Equation 5 is reduced to
.
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Figure 2. Illustration of the 3D channel model. Different colors depict clusters.


Parameters of the Elevation Model
The 3D model consists of a few additional angular parameters compared to 2D models. The scenario definitions are as follows [6]. InH: indoor hotspot, O2I: outdoor-to-indoor, UMi: urban micro-cell, UMa: urban macro-cell, and SMa: sub-urban macro-cell. Table 1 presents proposed elevation parameter set got from the literature [9]. The acronyms in the table are: 

ESD 		composite elevation spread of departure (eNodeB)
ESA 		composite elevation spread of arrival (UE)
MED 		mean elevation in departure
MEA 		mean elevation in arrival
CESD 	cluster-wise ESD
CESA 	cluster-wise ESA  

Table 1. Proposed Elevation Parameters for 3D Channel Models.
	Scenario
	InH
	O2I
	UMi
	UMa
	SMa

	Condition
	LOS
	NLOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	ESD
	7.6
	11.5
	7.6
	2.5
	4.0
	5.0
	8.0
	5.0
	8.0

	MED
	-1.6
	-1.6
	-1.2
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0
	-2.0

	CESD
	3.0
	3.0
	3.0
	3.0
	3.0
	3.0
	3.0
	3.0
	3.0

	ESA
	8.7
	12.6
	10.2
	4.0
	7.5
	9.0
	18.0
	12.0
	10.0

	MEA
	1.6
	1.6
	1.2
	2.0
	2.0
	6.0
	10.0
	5.5
	7.0

	CESA
	3.0
	3.0
	3.0
	7.0
	7.0
	7.0
	7.0
	7.0
	7.0



[bookmark: _GoBack]It is worth noticing that the composite elevation spreads are always limited, i.e. uniform 3D does not exist in cellular and hotspot environments. However, the elevation spread is non-zero, typical values vary between 2 and 18 degrees. Elevation information could be utilized, e.g., in vertical beam-forming, two-dimensional antenna array design etc. It should be emphasized that actual channel is spatially ‘peaky’/’clustered’ both in azimuth and elevation as shown in Figure 2.

Discussion and Conclusion

In this contribution we proposed a set of elevation parameters for five different propagation scenarios. We propose that these parameters are taken into account in 3GPP RAN1 discussion on 3D channel models. The parameter values are proposed to be used as a starting point, and can be adjusted based on other contributions presented for RAN1. Further development of the models would also include eNodeB – UE distance dependent elevation parameters.
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