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1. Introduction
The study on channel model for high frequency spectrum was agreed in RAN Plenary #69 [1]. The aim is to develop a channel model that enables a feasibility study and the development of a framework which uses  high frequency spectrum ranging from 6 GHz to 100 GHz.  The new channel model should cover a wide frequency range with wide transmission bandwidths (up to 1GHz), support large antenna arrays, spatial consistency, and new features including D2D and V2V. The new channel model also needs to work side by side with the existing 3GPP channel model below 6 GHz [2]. 

A recent whitepaper developed jointly by many major companies and universities describes a potential 5G channel model for frequencies up to 100 GHz [3].  This model, based on the stochastic modeling method, combines data from many measurement campaigns and is a good starting point. Other recent efforts to develop high frequency channel models include METIS [4] and MiWEBA [5]. METIS-developed channel models include a stochastic model, map-based model and hybrid channel model, and MiWEBA developed a quasi-deterministic channel model with elements of ray tracing and stochastic model.   
In the RAN1#84 meeting, many companies expressed their views on channel modeling methodology, but no agreement was reached. In this contribution we provide a comparison between stochastic  and  map-based channel models. 

2. Discussion on channel modeling methodologies

The most widely used and most mature channel modeling method is the geometry based stochastic channel model. Well established stochastic channel models include the SCM model [7], ITU channel model [9], WINNER II [8], WINNER+ [10], COST2100 [6] and 3GPP 3D channel model [2]. They offer channel models in typical settings and are relatively computationally efficient. 3GPP has used the SCM model, and more recently the 3D channel model. These channel models are well understood by the participating companies. During RAN1#84 meeting, many companies expressed interest in using 3GPP 3D SCM channel model as a starting point for developing a new channel model for high frequency bands. Using the same stochastic channel modeling methodology offers consistency between the new higher frequency model and the traditional below 6 GHz channel model, and the possibility to model the system involving both high frequency and low frequency carriers, such as inter-band CA.  The main critique to the stochastic approach is its lack of support of channel spatial consistency. This can be addressed by properly incorporating channel spatial correlation. In our companion contribution [11], we present a method to introduce spatial correlation to the stochastic modeling method. Other factors such as attenuation due to foliage, atmosphere and rain, and blocking by foreign objects and user’s own body can also be addressed [11].
The main alternative approach is the map-based approach and its derivative, the hybrid approach.  [4].  Map-based models can provide more accurate spatial channel properties by incorporating more realistic modeling components of radio wave propagation environment. It requires detailed 3D information of the building, including the location and geometry of the building, the building materials, surface roughness, etc. It also requires detailed information of the other relevant objects in the propagation environment, such as office furniture, metal air ducts, bill boards, etc. It is no trivial task to generate 3D digital maps with enough details for map-based or hybrid channel simulation. Shadowing and scattering objects are then added, either deterministically or randomly. With the reflectors/scatters/diffusers in place, the radio propagation pathways can be derived from radio propagation properties. A typical pathway contains several segments from the transmitter to the receiver with interaction between multiple objects. From the reflection/scattering/diffusion, properties like pathloss & phase can be derived. This requires the far-field assumption to be valid. The channel parameters from Tx to Rx is obtained by adding up the contributions from all the paths. With an accurate digital map and sufficient ray-tracing resolution, the map-based method can generate accurate results well matched by real measurements. The two main methods of ray tracing are ray launching and imaging method. Commercial off-the-shelf ray tracing software packages include Wireless InSite and Intelligent Ray Tracing.  
The downside of the map-based model is that it is very computational demanding. A GPU is often required to keep the simulation time manageable. Highly specific to the location of the digital map used, it is also very difficult to generalize the results to a broader context. Averaging over several “typical locations” may generalize the location-specific nature of the system simulation outcomes, but it is not clear how to select such typical locations or how much generalization can be achieved by averaging. Without typical results, it is also hard to compare different network topologies. Another disadvantage of using the map-based model is that it is impossible to compare results with those generated using the  SCM, ITU, or  3D channel models. When extending the model to frequency range below 6 GHz, it is also impossible to calibrate the results with the existing 3D channel models.    

However, map-based models can be used to provide data to fine tune the stochastic channel model in specific situations where channel measurements are hard to come by. Conceptually, the data generated by the map-based method can be used in place of measurement data to derive statistical parameters of the channel [12]. It may be helpful if companies with map-based modeling capability can contribute their data towards the development of the stochastic model. 
Based on this analysis, we propose the following: 

Proposal 1: To use geometric based stochastic channel modeling methodology as a baseline.  
3. Conclusions
We have compared geometric based stochastic channel model and map-based channel model as candidate for the above 6 GHz channel model study.  Based on this analysis, we propose the following: 
Proposal 1: To use geometric based stochastic channel modeling methodology as a baseline.  
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