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1
Introduction
In RAN#58 plenary, the “Study on 3D-channel model for elevation beamforming and FD-MIMO studies for LTE” [1] was agreed. The study on 3D channel model is a pre-requisite for following study items on elevation beamforming for up to 8Tx and for full dimension (FD-) MIMO.
In this contribution we present our views on 3D channel modelling. We address the changes to be performed to existing evaluation methodology in order to obtain a 3D channel model. As a starting point, we consider the 2D ITU-R channel model with 3D antenna pattern from [6]. As the elevation beamforming is envisioned to be enabled by the active antenna systems (AAS), it should be noted that AAS related issues have been addressed by RAN4 [2] and those findings should be appropriately utilized in this work.

2
Channel modelling
The SID objective mentions [1] potential modifications to 3GPP evaluation methodology which we will address in the following. 
2.1 Antenna structure

The antennas for channel should be modelled in 2D plane (y-z plane) according to antenna manufacturers as e.g. in [7]. The cross polarized antennas should be considered as baseline, because polarization diversity is an important degree of freedom.
Proposal 1: Model antennas in two-dimensional plane.

Current 3D antenna pattern consisting of vertical and horizontal antenna patterns should be adopted. We should consider the half power beam width and maximal attenuation parameterization according to Table 5.4.4.2-1 in [2]. We believe that antenna virtualizations shall not be the part of the channel model. In other words, channel model should consider per port antenna patterns and electrical tilt shall be implemented by phasing of the antenna ports.
Proposal 2:  Consider the antenna patterns from RAN4 AAS study (mentioned in Table 5.4.4.2-1 in [2].
The utilization of mechanical tilt transformation from section A.2.1.6.2 of [3] should be clarified. In the following we demonstrate the impact of mechanical tilt transform by plotting the transformed elevation angle (with respect to x-y plane) for users at 
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 degrees (x-axis). The mechanical tilt of the antenna is set to 15 degree. Without mechanical tilt transform, the angle entering vertical antenna pattern is simply
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. With mechanical tilt transform, the angle entering the vertical antenna pattern is as well function of azimuth 
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 Figure 1 shows the angle 
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 across different azimuths. At 90 degrees of azimuth, the centre of vertical antenna pattern, with mechanical tilt transform applied, lies at 0 degree.
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Figure 1. Elevation angle entering the antenna pattern function.
To further illustrate the consequences, in Figure 2, we show corresponding vertical antenna gain as function of user’s elevation. The used vertical pattern of the radiation element is given by the formula
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where half power beam width is HPBW=10 degree and max attenuation ceiling is Amax=20dB, as used in RAN1 CoMP investigations and defined in [3]

 REF _Ref346017168 \r \h 
[9] for macro scenarios. Figure 2 shows antenna gain for users at sector edge (
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 degrees (x-axis). With the mechanical tilt transform applied, the users located further from transmission point (small elevation) gain more than users close to transmission point (large elevation). Without applying the transformation, users at 10 degree elevation obtain maximum antenna gain, while for users at 0/20 degree, the antenna gain is roughly at -5dB. Furthermore, users located close to the transmission point are attenuated more when applying the transformation than when not applying the transformation.  We have observed that this behaviour influences the channel signal-to-interference-ratio significantly when half power beam tends to be small. In [9] and [6], mechanical tilt transformation from A.2.1.6.2 in [3] is not referenced and thus we find it optional, which can be a cause of differences in results between companies. Therefore, the utilization of the mechanical tilt transformation should be clarified.
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Figure 2. Antenna gain in vertical domain.
Observation: The mechanical tilt transform has a significant impact on final channel signal-to-interference-ratio.
Proposal 3:  The mechanical tilt transform utilization should be clarified.

Vertical angles in above results are defined as elevation angles in channel models, that is, with respect to the horizontal plane. However, mechanical tilt transformation and antenna patterns are originally defined in spherical coordinates, i.e. with elevation angle with respect to positive z-axis.  Unification of coordinate-systems among different parts of channel model should be considered in order to enable easier channel model implementation. 
Proposal 4: Consider unifying the coordinate systems within the channel model.

2.2 Fading 

In order to define a 3D channel model, large scale parameters for elevation have to be agreed. Large scale parameters include elevation of departure/arrival (EoD/EoA) spread mean and variance, cluster elevation spread of departure/arrival (ESD/ESA) as well as cross-correlations of large scale parameters and distance correlations.  All these parameters for indoor, outdoor-to-indoor, urban micro, urban macro and sub-urban macro are proposed by WINNER II channel model and summarized across chapters 3 and 4 in [5]. In the RAN1#72 meeting, several companies have observed the dependency of ESD on distance. Further in [13], the distance dependent formulas have been proposed based on ray-racing simulations. Alternatively, the contribution in [11] has proposed to model the distance dependency of ESD by superposition of two channels. One channel corresponding to “LoS” propagation over the rooftops, and the other channel corresponding to wave propagation in urban canyon. While both proposals seem to model the dependency well, we find the [13] approach to require less modification to current 2D channel models.
One more issue of modelling in [5] is indefiniteness of cross- correlation matrix. The cross-correlation matrix from  [4] (grey background in Table 1) extended by elevation parameters from [5] (plain background in Table 1) becomes indefinite and its square root is available only in complex domain. Therefore, we suggest applying the algorithm from [8] or from Annex B.2.3 of [10], that transforms indefinite matrix to positive semi-definite matrix. We illustrate impact of this matrix regularization on Urban Macro NLoS (C2 Winner II model) correlation matrix. Here, we employ algorithm from [8], which unlike algorithm from [10] finds the closest positive semi-definite matrix. The original correlation matrix in Table 1 has one negative eigenvalue and is therefore indefinite, while matrix in Table 2 has all eigenvalues non-negative and is still very close to the original matrix. 

Table 1. UMa NLoS (C2) cross-correlation matrix, from [4]

 REF _Ref345591452 \r \h 
[5]

 REF _Ref345596224 \r \h 
[6].
	
	DS*
	ASD
	ASA
	SF
	ESD
	ESA

	DS
	1
	0.4
	0.6
	-0.4
	-0.5
	0

	ASD
	0.4
	1
	0.4
	-0.6
	0.5
	-0.4

	ASA
	0.6
	0.4
	1
	-0.3
	0
	0

	SF
	-0.4
	-0.6
	-0.3
	1
	0
	-0.8

	ESD
	-0.5
	0.5
	0
	0
	1
	0

	ESA
	0
	-0.4
	0
	-0.8
	0
	1


*DS- delay spread, ASD/ASA Azimuth spread of departure/arrival, SF shadow fading, ESD/ESA Elevation spread of departure/arrival
Table 2. Positive semi-definite matrix closest to UMa NLoS (C2) cross-correlation matrix.
	
	DS
	ASD
	ASA
	SF
	ESD
	ESA

	DS
	1.000
	0.384
	0.600
	-0.417
	-0.493
	-0.016

	ASD
	0.384
	1.000
	0.399
	-0.471
	0.449
	-0.281

	ASA
	0.600
	0.399
	1.000
	-0.301
	0.000
	-0.001

	SF
	-0.417
	-0.471
	-0.301
	1.000
	-0.053
	-0.676

	ESD
	-0.493
	0.449
	0.000
	-0.053
	1.000
	-0.049

	ESA
	-0.016
	-0.281
	-0.001
	-0.676
	-0.049
	1.000


Proposal 5: Reuse the existing large scale parameters from WINNER II project [5] for extension of 2D model to full 3D model.
Proposal 6: Find a positive semi-definite correlation matrix to indefinite correlation matrix defined by Winner II project.  The regularization algorithm from [8] or [10] may be used. 
2.3 Location and Mobility

In all current urban macro and urban micro channel models, users are dropped at the same height (z-axis) and uniformly or around hotspots in x-y plane. While it might seem to be trivial to find some distribution of users in vertical domain, consequences of vertical dropping should be thoroughly considered.
First consequence of dropping users high above the ground level is a validity of channel model for such a user. It is obvious that users located above rooftops will have different probability of LoS compared to user located at ground level in urban scenario. Validity of large scale parameters (LSP) is then as well questionable. 
Observation: The channel model parameters are different for users above rooftops and users on the ground level. Therefore current models are not necessarily valid for user above roof-tops.
Second issue is an outer cell interference caused by serving the high located users with user-specific beam. At the moment, mechanical antenna tilt is applied and antennas with narrow half power beam width HPBW (e.g. 10 degrees) are used in order to limit the signal propagation outside the cell. According to [2], the HPBW for AAS in vertical domain is defined as broad as 65 degrees. This large beam width can be well applicable to low power transmission points, which are located under the roof tops and are of lower transmitting power. On the other side, broad beam of AAS macro antenna together with user-specific beaming would cause extensive out-of-cell interference. Therefore we propose:
Proposal 7: To agree on dropping model in vertical domain.
Proposal 8: For macro transmission points, consider restrictions on beam width and electrical tilt, in order to limit out-of-cell interference.
One way of vertical dropping has been proposed in [12][14]. The buildings of random height are dropped into the macro network similarly to pico-cells. The users are equally distributed within the floors of the building. All these users should be the indoor users, and LoS probability should be dependent on the difference between average height of buildings and UEs position.  The full dimension mobility should be allowed for users with 3D dropping and only horizontal mobility for users with 2D dropping. The mobility for indoor users shall be limited to low speeds, e.g. 3km/h.  
In [13] the terrain landscape generation has been proposed. While, hilly terrain would be an excellent target scenario for beamforming, the complexity of such a model should be carefully considered. Since in practice, the hilly terrain network design is complicated. For example, the eNBs are dropped on the highest points and atypical mechanical antenna tilts are employed. 
2.4 Evaluation methodology

In order to benchmark implemented 3D channel model between companies, we suggest considering a subset of the following comparisons:
· Geometry comparison.
· Coupling loss comparison.
· Average performance and cell edge performance with SVD feedback.
· Codeword selection probabilities comparison for simple codebook with beamforming codewords, agreed only for purpose of 3D channel testing.
3
Conclusions

In this paper we have discussed 3D channel modelling and we have the following observations and proposals:
· Proposal 1: Model antennas in two-dimensional plane.
· Proposal 2:  Consider the antenna patterns from RAN4 AAS study (mentioned in Table 5.4.4.2-1 in [2].).

· Observation: The mechanical tilt transform has a significant impact on final channel signal-to-interference-ratio.
· Proposal 3:  The mechanical tilt transform utilization should be clarified.

· Proposal 4: Consider unifying the coordinate systems within the channel model.

· Proposal 5: Reuse the existing large scale parameters from WINNER II project [5] for extension of 2D model to full 3D model.
· Proposal 6: Find a positive semi-definite correlation matrix to indefinite correlation matrix defined by Winner II project.  The regularization algorithm from [8] or [10] may be used. 

· Observation: The channel model parameters are different for users above rooftops and users on the ground level. Therefore current models are not necessarily valid for user above roof-tops.
· Proposal 7: To agree on dropping model in vertical domain.
· Proposal 8: For macro transmission points, consider restrictions on beam width and electrical tilt, in order to limit out-of-cell interference.
For completeness, we summarize the changes required to transform a 2D channel into a 3D channel:
· Definition of the antenna ports positions in two dimensional y-z plane, x=0.

· Definition of 3D antenna pattern, including mechanical tilt transformation.

· Generation of large scale parameters (LSPs) for elevation.

· Extension of cross-correlation LSP matrices with elevation parameters and their projection to the positive semi-definite correlation matrix.

· Addition of angular spread model for elevation (currently fixed to LoS)

·  generation of elevation angles for clusters and rays.

· Coupling of elevation and azimuth angles followed by coupling of departure and arrival angles.

· Modification to phase computation between Rx and Tx antenna ports.

· Modification to Doppler frequency computation.
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