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1 Introduction

RAN1 #84 meeting in Malta started the next generation radio channel modelling work under the study item described in [1]. The number of contributions delivered to the meeting was very high related to the time available in the meeting. Most of the contributions were not treated. This meant also that technical discussion on the radio channel modelling methodologies was on a minimum level.

There were many excellent contributions in the Malta meeting that were not treated. The contributions from Huawei [2], [3] and from ZTE [4], [5] are examples where the requirements are reflected to the known channel modelling methodologies and analyses are performed. Also Keysight’s own contribution [6] on the requirements is a valuable document. The intent of this contribution is not to review those documents but to refer the reader to have a view on those as the background information. 
The map–based model contribution [7], which is based on the project outcome [8], was one of the treated contributions. It presented the original METIS map–based model. It is important to note that the hybrid model already discussed in the Malta meeting is the continuation and not exactly the same as that in the original METIS documentation. The hybrid model is meant to be flexible and to capture the best blocks of different methodologies (stochastic and deterministic).  
This contribution is a high level description of the map–based hybrid model. Its main purpose is to clarify in not–too–technical language the content and idea of the hybrid model. The source companies of this paper have separate contributions for more detailed descriptions [9], [10]. Both of the descriptions fulfil the ideas presented in this paper but in the details there are differences. The plan is to harmonize the methods possibly using off–line meetings also after the ad–hoc. 

2 Order of Methodologies

In the discussion in Malta there were questions if the deterministic part should be added on top of the stochastic model. The intent of this contribution is to explain how the hybrid method works and what is currently seen as the best approach for the hybrid modelling methodology. This said confusion is, however, a very important detail and earns for the clarity a separate section. 

2.1 Stochastic on Top of the Deterministic Path Calculation

The basic idea in the hybrid modelling is to use the map and to calculate the paths up to a certain point deterministically. This guarantees the fulfilment of the requirements from contributions [2] to [6]. Additionally, it makes possible to increase the accuracy of the simulations because the environment is thus taken into account. 

As soon as the characteristics of the simulation case indicate that there is something that is better modelled statistically the hybrid methodology changes from the deterministic block to the stochastic blocks. For example, the human beings, trees, cars, etc. are difficult generally to be modelled deterministically but, instead, a probability distribution approach is more reasonable. 
2.2 Deterministic on Top of the Stochastic Model
This case is trivial. As soon as any statistical distribution is used there is no sense to apply any deterministic approach.  
3 Motivation to Use a Hybrid Approach

The motivation to use a map-based model lies fundamentally in the ability to respond to the requirements identified for the new channel model. Some of the documents covering this aspect are listed already in the introduction text. But the motivation to add the word hybrid to describe a method where the deterministic and the stochastic approaches are combined is reasoned here shortly. Please, note that only the order said in section 2.1 is covered. 
3.1 Accuracy
There are many cases where the operators’ use case is to know the specific environment. For example, if we assume a case where TX is on the street canyon but there is soon a square. The operator expects that part of the square will be in NLOS for this specific TX. The simplest case is to look at the path loss for this square and thus the only option to have realistic estimation of the path losses is to use deterministic approach. This means that the starting point for the simulation is the map of that environment. But then the operator may not necessarily know exactly how the objects on the square are spread. Thus the objects are spread randomly following a certain operator defined distribution and the simulation is continued leading to the end result where the path loss values have a clear physical significance. In this case the accuracy is greatly improved. 
It is assumed that the majority of the most significant propagation components and thus majority of the power contribution of a channel model can be obtained by the map-based model and with the hybrid extension the statistical properties of the channel model become even closer to real propagation environment. The most important effects such as changes of propagation condition and its effect to power profile, angular and fading (both time and frequency) characteristics of the model in a spatially consistent way are definitely addressed realistically.

3.2 Complexity

It is recognized that by calculating deterministically down to the latest detail it requires too much computational effort. In many cases it even does not make sense. Thus to keep the computational complexity reasonable the deterministic path calculation is run only down to a predefined limit. This limit may be a compromise between the accuracy and the complexity, it may be defined by the information available from the environment or it may be decided otherwise. This item is more elaborated in the contributions with more detailed hybrid method descriptions [9]and [10].

3.3 Easiness to Understand

The industry is well familiar with the stochastic modelling tools. The stochastic model covering the wide range of new requirements becomes easily complex to understand — intuitively, i.e. the view point of the person to run the link level or respective simulation. Addition of the map in the beginning of the process is intuitively well understood. When the consistency or other new system requirements are covered already by the underlying map the whole model remains more easily understandable. 

3.4 Compatibility

One of the arguments in the discussions even before the Malta meeting has been that the map–based model is not backward compatible in the sense of the simulation tools. The companies should change totally or modify significantly the tools. In the hybrid model the output results are the same as the old tools have. 

The bonus in the hybrid model is that there are possibilities also for many intermediate results from the deterministic part. Segment wise the user can extract parameters like arrival and departure angles, spreads or pathloss for a given interaction point (reflection, diffraction, scattering). Similarly, the total number of paths for the given map and constrains is possible to take out; either for the whole calculated environment or for a selected sub–environment.  
4 Deterministic Part of the Hybrid Method
The first part of the hybrid method is — as discussed shortly in section 2 — the deterministic part. This means to calculate the propagation paths including free space propagation, reflections and diffractions. The work starts in creating the environment where the map and the transceivers are defined along the possible movement in this environment. Similarly, the case parameters like frequencies are determined. Furthermore, it is decided up to where the deterministic calculation is extended. This means that depending on the scenario the decision is done where the modelling will change to stochastic one. Next the propagation paths are calculated; for example, the path lengths and arrival and departure directions are recorded. The number of reflections and diffractions per path is reasonable to limit within a small number because the power of a path is significantly attenuated in high-order reflections and diffractions. 
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Figure 1. Block diagram of Map-based hybrid model (deterministic part).
5 Stochastic Part of the Hybrid Method

In the second phase the random objects, the clusters and/or just a signal distribution ahead from a point are added. 
The addition of the random objects (blockage modelling) looking from map perspective is two–fold; they may already be included in the propagation path calculation explained in section 4, which means that these objects are then randomly distributed people, cars, etc., or the they are included at the point where the deterministic calculation is extended, which means that these objects are then modelled based on a stochastic approach. Details for these may differ from implementation to implementation. 
Any scatterer that is not known to model deterministically is modelled here. If a scatterer is known to model using specular or diffuse scattering formula it can be taken into account already in the deterministic part. 

Accurate modelling of surface properties and small details of buildings or other objects with a deterministic model is not possible with reasonable effort. These details are known to cause scattering, i.e. multiple rays are propagated through same interaction area. This phenomenon leads to clustered nature of radio propagation channel which can typically be observed in any measurement results. It is rather straightforward to calculate the most significant pathways based on a simplified map, but the number of rays within each interaction area is limited. Therefore a natural extension of the deterministic model is to draw a number of rays around each dominant pathway. The power-angular distribution of rays within a cluster has been shown by measurements to be Laplacian and the spread of the cluster may be stochastically distributed without distinguishing its propagation mechanism or
 determined by interaction type. For example ground reflection or other specular reflection may be modelled by very narrow spread or single ray.
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Figure 2. Block diagram of map-based hybrid model (stochastic part).
6 Radio Channel Transfer Function

The last part as in any channel modelling methodology is to compose the radio channel transfer function including the antenna elements. Note that in the map–based hybrid methodology the antenna technology is not limited; the spherical waves, large antenna arrays beyond the stationarity requirements and multiuser–MIMO are supported because of the base methodology. The output format is the same as those in any other channel modelling methodology. 
7 Conclusion
This contribution has discussed on a high abstraction level the map–based hybrid model. The motivation for the contribution lies in the fact that the hybrid model is a new approach and it may be unclear for many companies what the model actually contains. The contribution discussed how the hybrid model is divided in two parts; the deterministic part is first used with the help of the map to calculate the propagation paths and the stochastic part is used to add to the channel matrix information that is difficult or too complex to achieve with the deterministic model. 
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�This revision is to show an alternative option for cluster spread modeling, which  facilitates parameters fitting from real-field measurement results and is  proposed by us.
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