
  

EUROPEAN COOPERATION 

IN THE FIELD OF SCIENTIFIC 

AND TECHNICAL RESEARCH 

————————————————— 

EURO-COST 

————————————————— 

 IC 1004 TD(15) 12062 

Dublin, Ireland 

2015/January/28 – 30 

SOURCE: Anite Telecoms Oy,  

Oulu, Finland 

 

  Ericsson,  

Kista, Sweden 

 

 

 

 

A channel model for 5G evaluations 

 

 

 

 

 
Pekka Kyösti 
Anite Telecoms Oy 
Tutkijantie 6 
FIN-90590 Oulu, FINLAND 
Phone: +358-40 1988 732 
Email: firstname.lastname@anite.com 
 
Jonas Medbo 
Ericsson 
Färögatan 6, Kista 
164 80 Stockholm 
Phone: + 46-730311920 
Email: jonas.medbo@ericsson.com   



  

A channel model for 5G evaluations 
 

Pekka Kyösti
1
, Jonas Medbo.

2
 

1
Anite Telecoms Oy, Finland 

2
Ericsson, Sweden 

 

Abstract: This TD gives an overview of a channel model for the fifth generation (5G) air 

interface evaluations. The described model covers frequency bands from typical cellular 

frequencies up to millimetre waves and a variety of different environments, with emphasis on 

the urban outdoor. The model enables assessment of single radio links with, e.g., the massive 

MIMO and very large antenna arrays, device-to-device links with both link ends moving, up to 

system level evaluations with a multitude of different types of transceivers. In addition to the 

overview some selected model features are described in more details. Also few exemplary 

model outputs are depicted and discussed. 

1. INTRODUCTION 

The coming 5G communication system is going to consist of various different link types. Cell sizes 

will decrease; traditional macro- and micro-cells are going to be complemented by pico- and femto-cells 

composing ultra-dense networks, movable base stations and peer-to-peer type of D2D connections 

between user terminals. These various types of links will co-exist in the same area. The number of 

communicating devices and thus the density of the radio links is expected to grow substantially. The 

utilized frequency bands will have a wide range from below one GHz up to 80 GHz and above. New 

antenna topologies, like massive MIMO with hundreds of closely packed elements, and very large arrays 

with possibly physical dimensions of tens of meters, will be utilized. All the mentioned features are going 

to set new requirements to channel modelling, as discussed in [1,2]. The four main challenges identified 

in [2] are; spatial consistency and mobility, diffuse vs. specular scattering, very large antenna arrays, and 

millimetre wave frequencies. 

Another kind of challenge for channel modelling is the wide range of simulations needs. On one 

extreme a very precise modelling of propagation phenomena is required in order to evaluate, e.g., the 

gains of large antenna systems. Spherical wave modelling is a necessity in order to cope with the 

combination of physically large arrays, small wavelengths, and dense networks indicating short link 

distances. Assessment of antenna designs will require realistic modelling of depolarization of the 

propagation channel. Large arrays have a very high angular resolution and this will require 

reconsideration of the widely adopted cluster concept. Now arrays may be able to separate  sub-paths 

within a cluster and the structure of a cluster has to be defined more carefully (see Figure 2 described in 

section 2). 

Further, the target is to model received power, i.e. path loss and shadowing, accurately enough for 

system level simulations. As identified in simulation guidelines of METIS project [3], it is preferred to 

base the path loss and shadowing determination on a geometrical environment description instead of mere 

distance and line-of-sight probability as was the case in 4G channel models defined in [4,5]. In order to 

get reliable and comparable results the evaluation of 5G communication systems is preferably performed 

with a single, but scalable, channel model. Thus the channel model should be consistent across a wide 

range of environments, network topologies, and frequencies. 

In the following a channel model for 5G evaluations is introduced. Only a high level description is 

given with few selected highlighted features, the detailed description will be available in [7] at March 

2015. Some outputs of the channel model are shown and analysed in dense urban micro-cell and vehicle-

to-vehicle (V2V) scenarios as well as in the open air festival scenario. Measured V2V path losses are 

compared to model outputs. 

 



  

2. CHANNEL MODEL  

The basic channel modelling approach for addressing the mentioned requirements, listed in [1,2], is to 

use ray tracing. In order to provide a scalable complexity depending on the needs of the model user, the 

traditional and simpler stochastic approach is also used for the METIS channel modelling. For clarity the 

ray-tracing based modelling is referred to as the “METIS map-based model”. A prerequisite for any ray-

tracing based model is a geometrical description of the environment – i.e. a map or a building layout 

defined in three dimensional (3D) Cartesian coordinate system. The level of map details doesn’t need to 

be high. Only building walls and possibly other fixed structures have to be defined. A city geometry – 

Madrid Grid – has been specified for the METIS test cases which is illustrated in in Figure 1. An 

important target, when developing the model, has been to keep it as simple as possible while still 

fulfilling the model requirements. Some of the most critical and challenging requirements, and how the 

proposed model addresses them, are explained in the following. 

 

 
 

Figure 1. The METIS Manhattan grid city model. 

 

 

Spatial consistency and mobility requires that all channel characteristics are geometry specific and 

varies continuously as either end (or both ends) of the radio link is (are) moving. Utilizing the ray tracing 

principles all propagation parameters are precisely dependent on transmitter/receiver locations with 

respect to the environment and each other’s. Smaller or larger motion resulting to a displacement of 

transceivers is accounted for when determining propagation characteristics like, e.g., path loss, shadowing 

or angular parameters. Also the possible motion of both link ends, which is an important feature in 

vehicular and D2D communications, is implicitly modelled by the ray tracing principles. The channel 

model is consistent with respect to all possible transceiver location combinations on the 3D map. Full 

consistency is very difficult to achieve with traditional geometry based stochastic models (GSCM) like 

[4,5] where neither cluster locations nor visibility regions are defined. 

Diffuse vs. specular scattering, i.e. scattering caused by rough materials and small objects vs. large 

smooth surfaces, results in substantially different propagation channel characteristics. The diffuse 

component of the channel is typically rich and spread out in direction whereas the specular component is 

composed of a few spikes in direction and delay. In METIS the diffuse part is handled by dividing larger 

surfaces into tiles, as proposed in [7], and/or by introducing a multitude of small scattering objects. For 

the specular scattering straight forward ray-tracing is used in modelling the corresponding paths reflected 

from smooth surfaces like, e.g., walls. The specular paths, determined utilizing ray optics principles, will 
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be non-fading and their departure and arrival directions will change consistently while the link ends are 

moving. Thus in a performance simulation with, e.g. high angular resolution antenna arrays, the 

transmitter/receiver has to track realistically moving specular paths. GSCM may model diffuse tail of 

propagation paths by introducing appropriate sub-paths around dominant components, but modelling of 

realistic specular paths is not possible, when the environment is not geometrically defined. 

Very large antenna arrays i.e. arrays which are very large in terms of number of elements or size in 

terms of number of wavelengths. Optimization of such large arrays is crucially dependent on accurate and 

realistic modelling of highly resolved directional channel characteristics. Further, arrays having so large 

size that large scale effects like shadow fading come into play are considered in METIS. The proposed 

model supports spherical waves inherently. Each interaction point and antenna element has coordinates, 

and both the phase and attenuation are affected by Euclidean distances between interaction points and 

antenna elements. Further, the model supports determination of propagation channels between any 

locations, thus there is no need to assume a confined physical size to antenna arrays. This is opposite to 

the initial assumptions of the existing GSCMs. In Figure 2 is illustrated the effect of non-realistic high 

resolution properties of the standard stochastic channel models (e.g. WINNER and ITU IMT Advanced). 

It is evident that as antenna arrays become larger the WINNER type of channel model performs 

unrealistically well in the MIMO case. 

  

 
 

Figure 2. In the upper graphs measured [7] path directional distribution compared with WINNER type (left) of 

distribution.  The photograph (right) shows the measured paths (circles) as seen from the base station location. In the 

lower graph the power ordered MIMO channel eigenvalues for two different antenna array sizes based on the 

WINNER model and the measured channel are shown. 

 

Millimetre wave frequencies down to sub-GHz frequencies are smoothly modelled when the model is 

based on frequency dependent propagation mechanisms like reflection and diffraction. As an additional 

frequency dependent effect the surface roughness may be accounted for as a function of wavelength. As 

 

 

  

  
  

 



  

mentioned the range of frequencies will be wide in 5G. For 5G evaluations it is beneficial to model 

propagation characteristics consistently across a wide frequency range. According to investigations of 

METIS project [7] the existing empirical path loss models like, e.g., [5] can be extended to millimetre 

waves. Further, it is possible to parameterize the existing GSCMs to a higher frequency band as is done in 

[7], e.g., for the shopping mall scenario to 60 GHz. Anyhow a method to continuously and consistently 

parameterize a GSCM to a wide frequency range has not been introduced for the time being, according to 

our knowledge.   

2.1 General description 

The model is based on the ray tracing using a simplified 3D geometric description of the propagation 

environment and deterministic modelling of propagation in terms of rays. Building walls are modelled as 

rectangular surfaces with specific electromagnetic material properties. The significant propagation 

mechanisms i.e. diffraction, specular reflection, diffuse scattering, blocking etc. are accounted for. For 

each specific link between Tx and Rx there are a number of path-ways which contribute significantly to 

the received power. 

A block diagram of the channel model is illustrated in Figure 3 with numbered steps of the procedure 

to generate radio channel realizations. On higher level the procedure is divided to four main operations: 

creation of the environment, determination of propagation pathways, determination of propagation 

channel matrices for path segments, and composition of the radio channel transfer function. In the 

following we describe the main operations briefly. Detailed procedure description will be available in [6]. 

The first four steps in the Figure 3 are for creating the environment. As a starting point a 3D geometric 

description is required. The map contains coordinate points of wall corners when walls are modelled as 

rectangular surfaces as mentioned earlier. Secondly, a set of random scattering/shadowing objects, 

representing humans, vehicles, etc., is drawn on the map with a given scenario dependent density. The 

meaning of objects is discussed with more details in the next section. Thirdly, the surfaces, like walls, are 

divided to tiles with certain tile centre coordinate points for diffuse scattering modelling. After these three 

steps the environment is defined. In the step number four transceiver locations or trajectories are defined. 

The only randomness in the model is in the step two. It is also possible to draw the transceiver locations 

randomly which is analogous to drop simulations of GSCMs.  

The next operation is to determine propagation pathways from transmitter to receiver in the 

environment specified in the previous steps. In the step five the pathways are defined by a set of 

parameter vectors �� = ����� = ���� , 
�� , ��� , ����,  = 1,… , �, � = 1, … , ��, where � is the number of 

pathways, �� is the number of path segments, ��� , 
�� , ��� are x, y and z coordinates of ith interaction 

point of kth pathway, ��� is the interaction type {direct, reflection, diffraction, object scattering, diffuse 

scattering}. Coordinates of interaction points for parameter vectors are determined utilizing mathematical 

tools of analytical geometry. The principles of this part are simple and obvious for the human eye, though 

writing an algorithmic description of the step is complicated. After the pathways are determined the 

corresponding path lengths and arrival and departure directions are calculated. The mentioned directions 

are utilized in the very last step as arguments to radiation patterns of Tx and Rx antennas. 

Shadowing due to objects is calculated in the step seven for path segments with objects in close 

vicinity. The shadowing is based on knife edge diffraction across a screen representing the object. This is 

described in more details in the next section. Propagation matrices are determined for path segments and 

corresponding interactions. A propagation matrix is complex 2x2 matrix describing gains of polarization 

components. For example for the line-of-sight path the matrix is a diagonal matrix with phases and 

amplitudes based on path length, wavelength and the free space loss. With specular reflection the matrix 

is determined based on well-known Fresnel reflection coefficients, and in the case of diffraction the 

matrix is calculated using the uniform theory of diffraction (UTD). Alternatively diffraction may be 

determined with an approximation method originally defined by Berg in [9]. Scattering may occur either 

from a random object or from a tile defined in the step three. For diffuse scattering the gains are 

calculated a similarly to [8]. In the case of object scattering the gains are based on the scattering cross 

section of the object. 



  

The last operation is to compose the radio channel transfer functions by embedding antenna radiation 

patterns to shadowing losses (from step 7) and composite propagation matrices. For a single path the 

complex gain is calculated as a product of the polarimetric antenna radiation pattern vectors, element-

wise product of propagation matrices of each path segment of the path, and the total shadowing loss. 

Finally, a matrix format impulse response between Rx and Tx antenna elements is composed from 

complex channel gains and path lengths of each path. The result contains all modelled antenna and 

propagation effects in the given environment for the specified Rx and Tx antenna locations. 

  

 

Figure 3. A block diagram of METIS map-based model. 

 

2.2 Some highlights and basic principles 

Few selected topics are deepened in this section. 

2.2.1 Scenarios 

The model applies to the following propagation scenarios (specified in METIS) which also provide the 

necessary geometry data: 

• PS1: Urban Microcell 

• PS2: Urban Macrocell 

• PS4: Indoor Office 

• PS5: Indoor Shopping Mall 

• PS6: Highway 

• PS7: Festival (open air) 

• PS8: Stadium 

 

Preliminary parameters for the scenarios in [6] are listed in  

 

Table 1. In the table the parameters on grey background are utilized only with the option of Berg’s 

recursive model (described in section 2.2.2). 

 



  

 

Table 1. Parameter table for the map-based model. 

Parameter Symbol 

[unit] 

Propagation scenario 

PS1 PS2 PS4 PS5 PS6 PS7 PS8 

Object density D [1/m
2
] 0.1 0.1 0.05 0.05 0.1 4 4 

Object height h [m] 1.5/4 1.5/4 1.5 1.5 1.5/4 1.5 1.5 

Object width w [m] 0.5/3 0.5/3 0.5 0.5 3 0.5 0.5 

Scatterer absorption coefficient � 0 0 0 0 0 0 0 

Specular/ diffuse power ratio � 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Angle dependency factor �[m] 0.031 0.031 0.031 0.031 0.031 - 0.031 

Angle dependency exponent v 3.5 3.5 3.5 3.5 3.5 - 3.5 

Angle dependency factor (HH) � 0.95 0.95 0.95 0.95 0.95 - 0.95 

 

2.2.2 LOS and diffracted pathways 

The map based model provides two options for modelling of diffraction. The first option is based on 

the uniform theory of diffraction (UTD) and provides accurate modelling. A drawback with the UTD 

approach is, however, it brings out high complexity. For this reason a substantially simpler approach, 

based on the Berg recursive model [9], is provided as the baseline alternative. The Berg recursive model 

is semi-empirical and designed for signal strength prediction along streets in an urban environment. It is 

semi-empirical in the sense that it reflects physical propagation mechanisms without being strictly based 

on electromagnetics theory. It is based on the assumption that a street corner appears like a source of its 

own when a propagating radio wave turns around it. The corners of buildings and the antennas represent 

nodes (See Figure 4 left).  

 

 

Figure 4. Example of a street corner acting as a node (left), Manhattan map (middle), topological example 

with four nodes (right). 



  

 

Any two subsequent nodes must be in LOS with respect to each other. Moreover, for any three 

subsequent nodes the middle node is blocking LOS between the first and the third node. Along a 

propagation path each node contributes a loss which depends on the change in direction θ. The loss at a 

specific node n is a result of all previous nodes and is given by the well-known expression for free space 

loss between isotropic antennas where a fictitious distance �� is used, i.e. 

 ��|�� = 20 log"# $%&�'( ) (1)  

where λ  is the wave length. It should be noted that the fictitious distance corresponds to the real distance 

but multiplied by a factor at each diffraction node. The result is that the fictitious distance �� becomes 

longer than the real distance meaning that it accounts for diffraction loss when used in the free space loss 

expression (1). An example with four nodes is shown in Figure 4 (right). At each node, the fictitious distance is 

given by the following recursive expression   

 �* = *	,*-" + �*-" (2)  

with 

 *	 = *-" + �*-"	/*-" (3)  

where ,* is the real distance between node 0 and its following node 10 + 12, /* is a function of 3* (See 

Figure 4 middle). The initial values are �# = 0 and # = 1. The angle dependence is given by the 

following expression 

 /* = /4# $ 56
4#°)

8
 (4)  

where /4# is a model parameter. The parameter 9 accounts for how fast the loss changes in the transition 

zone between LOS and NLOS. These two parameters are known for frequencies below 6 GHz but need 

calibration by measurements for higher frequencies. For further details the reader is referred to the 

METIS deliverable D1.4 [7]. 

2.2.3 Determination of propagation pathways 

In the first step, starting from the Tx and Rx locations, all possible second nodes visible to the Tx / Rx 

node either with a LOS path or via a single specular reflection are identified. Possible second nodes are 

diffraction points like corners, scattering objects or diffuse scattering point sources. Further, specular 

images are also considered as second nodes in this step. Then the coordinates and interaction types of 

interaction points (diffraction nodes and specular reflection points) are determined. Possible pathways are 

identified by checking whether any wall is blocking the direct or single order reflected paths. For specular 

image nodes blocking occur also if the path does not intersect the corresponding reflection surface (See 

Figure 5 and Figure 6). This procedure may be repeated to achieve any number of diffraction and specular 

reflection interactions. When repeated, the nodes of previous steps act as Tx / Rx of the first step. 



  

 

Figure 5. Determination of nodes. Nodes which are used for the Berg recursive diffraction model are marked 

with blue circles. Nodes used for the UTD diffraction model are marked with blue and magenta circles. 

Specular image nodes are marked with green circles and corresponding reflection surfaces are marked with 

green lines. 

 

Figure 6. Determined pathways for the Berg recursive diffraction model. Here up to four interactions of 

specular reflection and diffraction have been accounted for. 

Figure 7 shows one example of pathways between Tx and Rx along the Rx route and the 

corresponding relative signal strength (relative to maximum power over the RX route) over the full route. 

Here :; = 2 GHz, /4# = 0.5 and < = 3.5 (recommended values for V-V polarized antennas) have been 
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used. Figure 8 shows the corresponding received signal (assuming isotropic antennas and 0 dBm transmit 

power) versus TX-RX distance.  

 

Figure 7. Diffracted paths between TX and RX (left) and relative power over the RX route (right). 

 

Figure 8. Received power over the RX route for isotropic antennas and 0 dBm transmit power. 

2.2.4 Blocking and scattering objects 

 
Each path may be obstructed by e.g. humans and vehicles. The effect of this blocking may be 

substantial, particularly for higher frequencies in the millimetre range. This effect is accounted for using a 

simplified blocking model [10]. Each blocking object is approximated by a rectangular screen as 

illustrated in Figure 9. The screen is vertical and perpendicularly oriented with respect to the line 

connecting the two nodes of the link in the projection from above. This means that as either node is 

moving the screen turns around a vertical line through the centre of the screen so that it is always 

perpendicular to the line connecting TX and RX. The corresponding shadowing loss is modelled using a 

simple knife edge diffraction model for the four edges of the screen as 

 �=>?�|�� = −20 log"#A1 − 1B>" + B>C21BD" + BDC2E (5)  

where B>",B>C and BD",BDC account for knife edge diffraction at the four edges corresponding to the 

height, ℎ, and width, G, of the screen (See Figure 9). The shadowing for a single edge is given by 

 B = HIHJK±M
NOM
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&  (6)  
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where V is the wave length, W" and WC are the projected distances (according to the projections from side 

and from above in Figure 9) between the nodes and the edges of the screen and X is the projected distance 

between the nodes. The plus sign refers to the shadow zone for each projection (i.e. it is possible that one 

projection is in LOS and the other in NLOS). When the link is in NLOS the plus sign apply to both edges. 

For LOS conditions the edge farthest from the link is in the shadow zone (plus sign) and the other in the 

LOS zone (minus sign). 

 
 

Figure 9. Shadowing screen model. 

 

Further, each path may be scattered, as well as shadowed, by object like humans and vehicles. The 

effect of such scatterers is significant when they are located close to either end of the link (TX or RX 

antennas). The scattering is accounted for using the same model as for the shadowing [9]. The power of 

the scattered wave is modelled based on the scattering cross section for a perfectly conducting sphere as 

 YZ[ = \YC (7)  

The power density at the scatterer, according to Figure 10, is given by  

 ]̂ ; = _̀ a`%&1bR2N	 (8)  

The power at the receiver is then given by 

 ]T = ]̂ ;YZ[	cT $ (
%&bN)

C
 (9)  

Inserting the expression for RCS gives 

 ]T = ]dcd 	cT $ (b
e&bRbN)

C
 (10)  

which also shows that the reciprocity is maintained. 
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Figure 10. Schematic drawing of the scattering model. 

 
Figure 11 shows the pathways between TX and significant scatterers around RX, and, RX and 

significant scatterers around TX. The corresponding distributions of path angles and path propagation 

distances are shown in Figure 12. Only scatterers which are in LOS to either TX and/or RX or in LOS to 

the first and the last of three consecutive nodes are selected. Moreover, the power of the scattered wave 

should be more than -40 dB relative to the strongest path. 

 

 

Figure 11. Paths between TX and scatterers around one RX location (upper left) and paths between one RX 

location and scatterers around TX (upper right), and, relative power over the RX route due to scatterers around RX 

(lower left) and scatterers around TX (lower right). 

 

 



  

 

Figure 12. Distributions of path angles (left) and propagation distances (right) at RX for paths between TX and 

scatterers around RX (lower) and paths between RX and scatterers around TX (upper). The power is relative to the 

strongest path (LOS or diffracted) shown in Figure C 6. 

 
The combined effect of shadowing and scattering is described in section 3. 

2.2.5 Rough surfaces 

 
In addition to the specular paths a set of random point sources can be introduced over the surfaces of 

the exterior walls accounting for the surface roughness. Here it is important to conserve the power. 

According to [8] the power scattered by a surface may be expressed in a similar way as for the spherical 

scatterer i.e. as 

 ]T = ]̂ ;cT∆[11 − �2 $ (
%&bN)

C cos13�2 ij,13^2 (11)  

where ∆[ is the size of a fraction of the surface area corresponding to the point source, � is the relative 

amount of specular power and 3� and 3^ are the angles of the incoming and scattered paths relative to the 

normal of the surface (See Figure 13). A uniform distribution of point sources may be used. Moreover the 

distribution should be as sparse as possible in order reduce the model complexity. Typically the density of 

the point sources should not be higher than what can be resolved by the antennas used in the simulation. 
 



  

 

Figure 13. Random point sources approximating a rough surface. 

2.2.6 Outdoor to indoor modelling 

A simplified principle to model outdoor to indoor propagation is described in this sub-section. The 

reasoning for the simplification is to keep complexity as low as possible and to avoid defining any 

detailed exterior wall structures such as windows. The model is divided into two cases depending on the 

level of available details: i) no indoor layout is specified as sketched in Figure C 17b ii) also indoor layout 

is specified as illustrated in Figure C 18b.  
In both cases the paths are determined assuming that the building where the user is located does not 

exist. In other words the exterior walls are fully transparent in outdoor-to-indoor direction in the phase of 

determining propagation paths. When the paths have been identified the building is reintroduced and the 

corresponding attenuations, for each path, due to wall and floor penetration are determined. In order to 

keep the model simple paths diffracted by e.g. window frames are neglected. There are two different 

complexity levels of determining the penetration loss: 

 
i)  The penetration loss for path i is determined by 

 �� = ]Dk + ����		[�m] (12)  

where ]Dk is a constant for the exterior wall loss, � [dB/m] is a constant for the interior wall and floor 

penetration loss, and,  ���		is the path distance inside the building. 

 

ii)  The penetration loss for path i is determined by 

 �� = ∑ ��pq�r" +∑ �sptsr"  (13)  

where uv and uD are the number of penetrated floors each having the loss �� and �s respectively. Either 

constant values (frequency dependent) are used for each type of wall and floor or the more accurate 

definition (provided in [7]) where the loss depends on thickness, material, frequency and angle of 

incidence.   

In the case (i) of no indoor layout, the propagation paths are determined from TX to RX as illustrated 

in Figure 14 based only on the outdoor map. Then for each pathway the penetration loss is calculated by 

eq. (12) based on the distance ���		from a penetration point on an exterior wall to the indoor link end. 

Finally, per path penetration losses are multiplied to path gains and channel matrix coefficients.  

In the second case (ii) it is assumed that the indoor layout is confined and located inside a building 

block. Now, different to the previous case, there may be interactions with indoor structures also.  Again 

propagation pathways from outdoor to indoor are determined. Exterior walls are transparent similarly to 

the previous case. The walls, floor and ceiling confining the indoor layout are transparent from outdoor-
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to-indoor, but not transparent from indoor-to-outdoor. This is illustrated by Figure 15 a where the light 

blue pathways would be present also in the previous case, and the red pathways result from interaction 

with the outdoor space and indoor space. When pathways are determined the penetration loss is calculated 

by eq. (13) or alternatively eq. (12) and multiplied to path gains and channel matrix coefficients. 

 

 

Figure 14 Example of determination of outdoor to indoor paths. In a) the paths are identified with the building 

removed. In b) and c) the building is reintroduced in order to determine penetration loss due to walls and floors. 

 

Figure 15 Combination of an outdoor map with an indoor layout. a) Example of determination of outdoor to 

indoor paths. b) Virtual office layout (red drawing) inside a building block of Madrid map. 

 

3. MODEL OUTPUTS 

Outputs of METIS map-based model are illustrated in this section with example plots and propagation 

parameter statistics. The purpose is to give insight to the model output statistics, like path loss exponents, 

delay spreads etc., in a set of example cases. Model outputs are also compared to measurement results in 

selected cases. Layouts of building and street maps are not modified according to the measured 

environments. Only parameters like antenna heights and frequencies are aligned with measurement 

settings. Thus a perfect match is not looked for in the comparison. The channel realizations are generated 

with an implementation of the METIS map-based model using the Berg recursive model for diffraction, 

except in the transition scenario of section 3.2 where UTD model for diffraction was used. 

3.1 Dense urban V2V 

Device to device propagation is simulated with layout of Figure 16 (left). Path loss and shadowing 

characteristics of the modelled line-of-sight links are compared to measurements conducted by University 

of Oulu and reported in [11]. The antenna heights are 2.5 and 1.6 meters in the different link ends. The 

frequency is 5.25 GHz. The comparison of LOS links is depicted in Figure 16 (right). In the model all 
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random object have the same height, namely 1.5 m. Thus no object is fully blocking the direct path. In the 

measurement higher vehicles were occasionally present, which might have temporarily obstructed the 

LOS. 

 

Figure 16. Layout with Tx locations denoted with blue circles and Rx locations denoted with green dots 

(left). Comparison of modelled and measured V2V LOS path loss data measured by Oulu University at 5.25 

GHz (right). 

3.2 Dense urban microcell 

An example of a dynamic scenario is shown in Figure 17. The centre frequency is 2 GHz, the Tx 

height is 15 m and the Rx height 1.6 m. The Rx is moving along a uniformly sampled linear route starting 

from the south and travelling towards north. The time evolution of path length and angular parameters is 

depicted in the plots. The number of paths increases in and around the line-of-sight area, mostly because 

of diffuse scattering from the surrounding walls. Arrival angles evolve smoothly along the route, while 

departure angles are concentrated to the two street opening directions of the Tx location.  

 
    

     



  

 
 

Figure 17. Propagation parameters of a transition scenario. Top left is the layout with red triangle 

representing the TX, green dots the Rx locations and blue dots scattering/shadowing objects. Figures from 

top right to bottom right are: path length, AoA, and EoA as a function of Rx location. The path gain is 

illustrated in decibels by colour bars. 

3.3 Open air festival / crowd 

The open air festival is modelled simply by densely located objects, an elevated Tx site and a flat open 

space without any buildings or any other environmental structure. The layout is illustrated in Figure 18. 

The simulations are performed for Tx heights from 5 to 50 meters with 5 m increments at frequencies 6 

and 60 GHz. Path losses are plotted in Figure 19. Path loss exponents analysed by fitting a regression line 

and shadowing standard deviations for the simulated cases are shown in Figure 20. With this limited 

number of simulations the path loss exponent shows no frequency dependency but a clear decreasing 

trend with increasing Tx antenna height. The variation of shadowing increases with lowering the Tx 

antenna height and increasing the frequency.  

 

Figure 18. Layout of Open air festival with Tx locations are denoted with blue circles and Rx locations are 

denoted with green dots (right). Example of single link where cyan lines illustrate paths and yellow dots are 

objects (left). 



  

   

Figure 19. Modelled path losses in Open air scenario for different Tx heights at 60 GHz (left) and at 6 GHz 

(right). 

 

 

Figure 20. Resulting path loss exponents and shadowing standard deviations in Open air scenario at 60 GHz 

and 6 GHz. 

4. CONCLUSIONS AND DISCUSSION 

We have introduced a channel model for future 5G system evaluations. The model is based on simple 

geometrical descriptions of environments. The modelling demands set by planned 5G systems are 

satisfied by the ray tracing principle. The model is both computationally and in description more complex 

than the existing GSCMs. On the other hand the number of parameters is significantly smaller. 

Ray tracing is a well-established field with a long history of research. Typically ray tracers are either 

commercial software products or semi-public packages developed by universities. The level of modelled 

details and thus outputs of models may vary largely between different ray tracers. The ambitious goal of 

the METIS map-based model is to provide a detailed enough description of the model, and its 

components, such that it could be implemented and widely utilized for 5G evaluations. Many model 

components and principles are not necessarily novel. Anyhow the overall model, with different 

approximations and detailed descriptions of determining propagation paths and channel coefficients, tries 

to give an unambiguous, complete and implementable solution for 5G simulations. 
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