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1 Introduction

The METIS map–based model is introduced in block diagram level in [1]. This contribution contains a review of an implementation put into practice using the map–based model description in [2]. The target of the contribution is to demonstrate the applicability of the map–based modelling technique through the implemented and/or verified code. The target is neither to go through the details of this modelling work nor to claim that these are the limits of the model or the only way to implement the model. 
This contribution is written in co–operation between Anite Telecoms in Oulu, Finland, and Aalborg University in Aalborg, Denmark. Anite Telecoms is part of Keysight Technologies, Inc.  

2 Scenarios

An inclusive set of scenarios is already covered like urban (micro & macro cellular), stadium, shopping mall, indoor office, urban O2I, highway and urban V2V. The scenarios are here like defined in the METIS project deliverable [2]. These may differ in the details from those under discussion in 3GPP; however, the modifications won’t be many. Adding further scenarios is relatively straight–forward, in most cases just a layout of representative environment has to be defined. 

Below in Figure 1-Figure 4 are shown some ready-made maps or layouts of the implementation. There the depicted Rx and Tx locations are only examples.
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Figure 1. Illustration of urban environment the “Madrid grid”.
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Figure 2. Illustration of indoor office environment.
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Figure 3. Illustration of the Stadium scenario with spectators denoted by blue dots.
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Figure 4. Illustration of indoor shopping mall scenario (top view).
3 Implementation
An implementation of the map-based model is developed in Matlab™. It follows the steps illustrated in Figure 5 and described in details in [2]. In the following sub-sections some functionalities of the implementation are highlighted. 
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Figure 5. Block diagram of METIS map–based model [2].

3.1 Inputs

Input parameters of the Matlab implementation with example values are given in Table 1.

Table 1. Input parameters of the implementation.
	param.map = 'office';    % {'manhattan','office','madrid','openAir', 'shoppingmall', 'madrid_O2I', 'stadium'}
param.objWidt = 0.5;    % Width of shadowing/scattering objects [m]
param.objHeig = 1.5;    % Height of shadowing/scattering objects [m]
param.objDen  = 0;      % Density of shadowing/scattering objects [1/m^2]
param.alpha   = 0;      % Absorption coeff of scattering object [-]
param.beta    = 0.5;    % Specular/diffuse power ratio [-]
param.sigmah  = 0.001;  % Standard deviation height variation of surfaces [m] 
param.rough   = 'no';   % Account for surface roughnes, i.e. use sigmah or beta {yes,no}
param.fc = 29E9;          % carrier center frequency [Hz]
param.epsr = 4.5;         % relative permittivity epsilon_r (concrete=4.5)
param.difrModel = 'berg'; % diffraction model {'berg','gtd'}
param.qlambda = 0.031;    % Fitting parameter
param.v = 3.5;            % Fitting parameter
param.gamma = 0.95;       % HH parameter
param.DeltaS = 2*2;       % Diffuse scattering tile size [m^2]
param.antPatternTx = '';  % '' = no antenna pattern provided. Files must have ant3D format
param.txRotation = [0 10 90]; % Rotation of antenna in deg
param.antPatternRx = '';  % '' = no antenna pattern provided
param.rxRotation = [0 10 90]; % Rotation of antenna in deg
param.vel = 4*3.6;        % Velocity [m/s]. No Doppler for vel = 0.
param.DoT_az = degtorad(90); % Direction of travel in azimuth [rad]. In virtual motion.
param.DoT_el = degtorad(0); % Direction of travel in elevation [rad]. In virtual motion.
param.SD = 2;             % sample density
param.ncirs = 100;        % number of CIRs per rx position
param.rxInterpolation = true; % true/false
param.q90 = 0.5;          % Fitting parameter 


3.2 Outputs

The implementation allows for determining: 1) path loss & shadowing, 2) large & small scale propagation parameters, and 3) MIMO channel impulse responses matrices over time/route. Among these the 1) and 2) can be determined between any Tx/Rx locations without defining antenna array characteristics. To calculate output 3) the antenna characteristics, i.e. array geometry and per element radiation patterns, have to be defined. For each Tx/Rx location a number of paths are discovered. For each path a set of path parameters is calculated. Parameters with example values of a single path are shown in Table 2. The example path is composed of diffuse scattering and wall reflection segments.
MIMO channel impulse responses are complex matrices (tensors) with dimensions: [#Tx elements, #Rx elements, #paths (delays), #time instants/route points]. 

Table 2. Propagation path parameters of the implementation. 
	>> pth{13}

ans = 

        int: [7x3 char]

          x: [160 160 235.1230 245.2564 249 NaN NaN]

          y: [146.5000 146.5000 142.5342 129 134 NaN NaN]

          z: [7 7 1 1.3651 1.5000 NaN NaN]

    wallInd: [NaN NaN NaN 25 NaN NaN NaN]

       gain: [0 0 -29.0496 -14.1270 0 0 0]
        aoa: -126.8231

        eoa: -1.2371

        aod: -3.0219

        eod: -4.5601

      pathl: 98.6255

        shd: [21.9826 0 18.8216 0.4598 0 0 0]

       Loss: 121.5248

     polMat: [2x2 double]


	>> pth{13}.int

ans =

tx 

los

sca
ref

end

end

end


Path losses from single Tx location at 15 m height to a high number of Rx locations in the urban city layout are calculated and illustrated in Figure 6. The path loss is calculated by summing contributions of all discovered propagation paths of the link.

[image: image6]
Figure 6. Path loss example in the urban city layout. Tx is in coordinates (130,130).
3.3 Shadowing by Objects

The shadowing is now modelled depending on the density of objects (humans, car, trees, …) within the path segment. High density of objects is considered if there is more than 1 object/m and more than 1 object within the segment. If Tx or Rx is contained in an object this object is not taken into account because it would result into a very large (even infinite) amount of shadowing. Objects are considered for shadowing if they intersect with the first 3 Fresnel zones.
3.4 Outdoor to Indoor (O2I)
The O2I scenario is simply created by placing the Rx inside the building. This is done by identifying the building block where Rx is placed. In the next step the walls of this block are considered transparent, i.e. rays can penetrate these walls from the outside. Penetration loss is considered but the actual implementation is still missing. 
3.5 Over–the–Rooftop (ORT) Propagation

Respectively, as in the case of O2I scenario, the ORT propagation occurs if the Tx is on the top of the building. It appears only if the path crosses the building edge. Consecutive ORT paths are possible but their amount is limited to three. This is a selection based on the complexity and could be changed as desired. 
3.6 Antenna Pattern

The antenna pattern is interpolated to fit the AoA of the rays. Both the amplitude and the phase are considered. The antenna can be also rotated around two axes including the polarization. When said here the antenna pattern it means both a single antenna and an antenna array. In the case of an array the pattern is possible to refer also other points as the common phase centre. In such a case the corresponding steering vector is applied. 

3.7 Motion

Virtual motion (virtual Doppler) is supported for Rx. This is currently limited in the performance in such a way that the parameters are the same for every Rx position. The movement itself is defined both in the azimuth and in the elevation. 
The concept of real motion is for moving Rx or Tx. This interpolation technique allows for a large multiplication of sample points with only a small addition in computation time. The following parameters are considered for each ray:
· AoA, AoD, EoA, EoD — all angles of arrival and departure

· Path distance

· Polarization matrix

Doppler is then calculated from these interpolated parameters. 
3.8 Material Properties and Frequency Dependency
The formulas used are frequency dependent. The wall definitions include the relative permittivity (εr). It is possible to use the material roughness for diffuse scattering instead of the parameter β (ratio between reflected and scattered power). 
4 Indoor Scenario Validation

The first verification comparisons have been done for the implementation reviewed in this contribution with indoor measurements in an empty basement room but with some scatterers [3]. In this case the environment is static and the aim is to look at whether the dominant paths are identified and losses from the different propagation mechanisms are realistic. The measurements are VNA measurements with centre frequency 29 GHz and bandwidth 2 GHz. 

4.1 LOS Scenario

The target rays to investigate are LOS and specular reflection. The figure below depicts the measurement system. 
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Figure 7. LOS measurement set-up. 

	LOS Scenario
	1
	2
	3
	4
	5

	Measurements
	-46,03 dB
	-65,82 dB
	-66,12 dB
	-67,28 dB
	-70,44 dB

	METIS
	-46,55 dB
	-65,03 dB
	-66,66 dB
	-70,1 dB
	-71,48 dB

	Difference
	0,52 dB
	-0,79 dB
	0,54 dB
	2,82 dB
	1,04 dB

	Path
	LOS
	Back 
reflection (Tx)
	Right reflection
	Left reflection
	Back 
reflection (Rx)


Table 3. LOS measurement results compared to the implementation.

4.2 NLOS Scenario

In NLOS scenario the investigation concerns specular reflected and diffracted rays. Path nr 2 is diffracted around a corner, where path 1 and 3 are specular reflections from other walls in the room.
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Figure 8. NLOS measurement results. Power per path is plotted. Indications point the main paths.
Similar comparison as in Table 3 gives for the three identified paths differences between 2,35 dB and 1,25 dB. Thus the agreement is very good. 

4.3 Shadowing Scenario

The shadowing scenario is otherwise as LOS in Figure 7 but a whiteboard added in between. 
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Figure 9. OLOS measurement results. 
Again the comparison indicates very good agreement; the differences varies between 0,47 dB and 2,48 dB. 

5 Conclusion
This contribution has reviewed the METIS map–based model implementation. The target in the review has been to give a quick overview of the features implemented so far. Additionally, the first verification results have been shown and very good agreement found.  
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