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1 Introduction

The aim of this contribution is to summarize shortly the model called widely as METIS map–based model [1]. The intention is to ensure that the companies in RAN1 channel modelling group understand the essential parts of the model. The contribution is based on the reference [1] but is updated to the latest work done with the model. 
METIS consortium, rationale, objectives and so on are found in METIS homepage through the link in reference [1]. They are not covered in this contribution. Note that the METIS II is a new project, which does not study channel models. 
The work of the authors of this contribution in METIS project was done in Anite Telecoms, which is currently part of Keysight Technologies. 
1.1 Motivation of a New Modelling Approach 

During the METIS study it was recognized that the current widely used models, e.g. 3GPP/3GPP2 Spatial Channel Model (SCM), WINNER, ITU–R IMT–Advanced, 3GPP 3D–UMi / UMa and IEEE 802.11ad were found to be inadequate for the identified 5G requirements. See the requirements and analysis in [2]. Thus a new modelling approach is required. 
1.2 Models from METIS Project

The project provided as the output three models; map–based model, stochastic model for different frequency bands and a hybrid model where the user of the model may combine elements from the map–based model and partly utilise the stochastic model. The hybrid model is sketched in [1] only on the level of ideas. The map–based model is seen to be more complete and suitable than the stochastic one and is proposed here. A hybrid option that is not the one from the METIS deliverable is discussed in [3]. 
2 Map–Based Model

2.1 Introduction

The map–based model targets consistency across both frequency and space by utilizing known ray–tracing principles and a trivial map or building layout. Propagation effects like; diffraction, reflection, scattering, and blocking, are modelled with well–established formulas like, e.g., Fresnel coefficient and knife edge diffraction.  Wavelength is an argument of the formulas, thus they are inherently frequency dependent. A map is simply defined by corner points and heights of walls in the Cartesian xyz coordinate system. The spatial consistency is guaranteed as both transmitter (Tx) and receiver (Rx) antenna elements, as well as randomly drawn interacting objects, are specified in the coordinate system. Using the ray–tracing principles all propagation parameters are precisely dependent on Tx/Rx locations relative to the environment and each other.
The ray–tracing techniques are deterministic, i.e. they are environment defined. It is important, however, to see that the addition of stochastic parts is not precluded. Thus the map–based model is the baseline and appropriate additions are done on a best applicability basis. An example of the addition of the stochastic part is seen in Fig. 1 in section 2.4 where the objects like people or trees are spread randomly. 
2.2 Implementation Status of the Model in Anite
The terminology used throughout the contribution is to distinguish the model, which means a mathematical framework and a parameterization, and the implementation that in turn means the code written, e.g., in Matlab or in any other programming language. The work aiming to a Matlab implementation of the map–based model was started already during the METIS project. The status of the implementation is reviewed in [4]. 
2.3 Complexity

The complexity in the map–based model is scalable as different components like specular paths and diffuse scattering may be turned on or off. Similarly, the maximum number of interactions per path is a parameter. The other way is to account only for the diffracted paths that are within a lower order of Fresnel zones with respect to the corresponding specular or direct path. These are trade–off components between the accuracy and the complexity; adding more paths takes more computation time but is seen as increased accuracy in various simulation output results. 
It should be noted that the map–based model is significantly less complex than corresponding stochastic modelling in terms of parameter cross–correlations (i.e. correlation between pathloss, angle distributions, delay distributions, etc.), see the table 7.3-6 in the technical report [5]. Also the overall number of model parameters per scenario, excluding the map specification, is noticeably low, less than ten. 

The complexity is not reduced only by decreasing the number of modelling details but using specific techniques to replace parts of the computational work. Two examples are mentioned here; the mathematical theory of graphs is used to have the diffuse tail of the impulse response [6] and the concept of path lifetime makes it possible to use interpolation between moving transceivers. This path lifetime concept is explained in the appendix shortly. 
2.4 Block Diagram of the Model
The figure below shows the block diagram of the map–based model. This block diagram presents a set of ideas needed to build–up an implementation. Please, note that this block diagram does not present for the reader’s clarity inclusions of additional features. Furthermore, in this contribution only some notes on the steps are presented, more detailed presentation is found in [1]. 

[image: image1.emf]Compose radio channel 

transfer function:

Determination of propagation pathways: Creation of the environment:

1.

Define map

2.

Draw random 

objects

3.

Define point 

source distribution 

for diffuse 

scattering

4.

Define Tx and Rx 

locations

5.

Determine pathways: 

interaction types and 

coordinate points

6.

Calculate path 

lengths and arrival& 

departure 

directions

Determination of propagation channel matrices 

for path segments:

7.

Determine 

shadowing loss 

due to objects

8.

direct LOS

9.

reflection

10.

diffraction

11.

scattering

12.

Embed antennas 

and calculate 

composite radio 

channel impulse 

responses

xyz coordinates of interaction points, interaction type per path segment, arrival & departure wave vectors, path lengths

2x2 polarization matrices

per path segment, 

shadowing loss per path, 

arrival & departure wave vectors, 

path lengths


Figure 2. Block diagram of METIS map–based model.
2.4.1 Define Map
The first step is to define the map used in the simulation. The map size, number of details, simplifications, etc., are to be decided. The map import and pre–processing are implementation dependent. For example, the building walls could be modelled as rectangular surfaces with specific electromagnetic material properties. 
2.4.2 Draw Random Objects
Use any method to define shadowing/scattering objects. They can be either defined based on a known regular pattern, for example seats of a stadium, or drawn randomly from a uniform distribution. If a moving environment is considered, define the motion of each object. 

2.4.3 Define Point Source Distributions for Diffuse Scattering
Define point source distributions for diffuse scattering over planar surfaces i.e. exterior and indoor walls, floors, ground etc. These distributions should be as dense as required by the angular resolution (aperture) of the antenna used in the simulations.
2.4.4 Define TX and RX Locations

Define a single location or a trajectory, in the used co–ordinates, for each transmitter and receiver antenna element. 

2.4.5 Determine Pathways

Starting from the TX and RX locations, all possible secondary nodes visible to the TX / RX node either with a LOS path or via a single specular reflection are identified. Possible secondary nodes are diffraction points like corners, scattering objects or diffuse scattering point sources. Furthermore, specular images of TX / RX are also considered as secondary nodes. The coordinates and interaction types of interaction points (diffraction nodes and specular reflection points) are then determined. Possible pathways are identified by checking whether any wall or respective is blocking direct or single order reflected paths.
In the next phase repeat the process for each identified secondary node treating them as TX nodes. 

The process is repeated for the tertiary nodes, i.e. they are now acting as TX nodes. Depending, e.g., on the use case, scenario and the level of simplifications the path discovery process is terminated to find only those paths, which are leading to RX/TX locations. 

2.4.6 Calculate Path Lengths and Directions

Determine arrival and departure directions as well the length for each path in form of wave vectors.
2.4.7 Determination of Propagation Channel Matrices for Path Segments
Determine shadowing due to objects. Calculate polarimetric transfer functions for different LOS, reflection, diffraction and scattering path segments. Reference [1] contains instructions to use a rectangular screen for each blocking object as well formulas for the propagation coefficients of different interactions. 
2.4.8 Compose Radio Channel Transfer Function

Finally, the complex impulse response between RX and TX antenna elements is composed. 

2.5 Input and Output
2.5.1 Input Data

The overview of the required input data to the model is easily seen from the block diagram (Figure 1). The contribution [4] shows the list of input parameters for an implementation as a practical example. 
2.5.2 Output Data

The diversity of output parameters is not, instead, that easily seen from the block diagram. Every intermediate step in the process may be used to list the parameters and their output. This is how the model enables also to fine–tune the calculation based on specific intermediate steps. An example but not exhaustive list of output parameters is
· Total number of paths for the given map and constrains

· Angles for all arrivals and departures of the path segments

· Spreads

· Pathlosses for path segments

In other words, every sub–path or set of sub–paths is possible to analyse separately. It also indicates that variation to the environment or change of included stochastic parameters is done quickly. 
3 Conclusion
The paper has presented the map–based model but rather superficially. Readers are referred to the original METIS project deliverable [1] for more details. 
Proposal: Map–based model is taken as the baseline modelling methodology for the next generation radio.
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Appendix
Path Tracking

The general output of the METIS model provides detailed information about every single ray. This information includes the interaction type and location of every interaction from start to end of every ray. This allows for an easy comparison of rays across different receivers. 

Implementation of path lifetime builds on an exhaustive search, cross checking every ray between any two neighboring receivers in a route. When the search is concluded one can simply track a path that is considered the same across the neighboring receivers in a route step by step until it terminates. Example, figure below: the paths that are considered the same between two receivers are saved in a table of dimension X times Y, where X is the number of paths in receiver i and Y is the number of paths in receiver i+1. In the table to the left ray nr 3 in RXi was found to be the same (similar) as ray nr4 in RXi+1 by the numerical value 1 in the table. This ray is now alive across RXi and RXi+1. Next table compares RXi+1 and RXi+2, where we know the ray id in RXi+1 and simply need to check whether there is a “1” in that row indicating the ray lives on to the next receiver. If yes, continue the search, if not the ray is now considered dead.  The requirements for a path to be considered the same are:
· All interaction types need to be the same, and in the same order.

· Reflections occur at the same wall

· Diffractions occur at the same corner

· Scattering occur at the same object/tile

The results allow us to track the power, AoA, delay and so on, of each individual path as the receiver moves through the route. Probability of link stability and such can be obtained as well.
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Figure 1. Lifetime path tables. 
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