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Introduction
The high-frequency channel modelling discussion in RAN1 #84 reached a working assumption [1] including following for map-based hybrid model:
· Investigation of detailed modeling including map based or hybrid or stochastic methodologies for some scenarios, e.g., open square, indoor, is recommended.
Meanwhile, the requirements for high-frequency channel modeling are agreed in [2]. These requirements were extensively discussed in the past RAN1 meetings for the stochastic-only channel model. But the corresponding studies or examinations for hybrid channel model were not sufficiently given. 
This contribution reviews the fulfillments of the channel model requirements in [2] based on hybrid channel model that was proposed in [3][4]. 
Methodologies in map-based hybrid model


[bookmark: _Ref446919858]Figure 1 Illustration of propagation mechanisms.
The coherent propagation mechanisms involving LoS, reflection and penetration on surface, diffraction on wedge as depicted in Figure 1 can be accurately emulated via ray-tracing approach that is based on sophisticated propagation theories such as [5][6][7], with acceptable computation complexity. In the deterministic part of hybrid channel model, the channel coefficients for these paths are directly calculated according to the corresponding digitized map. When Tx or Rx node moves, the smooth variations of these channel coefficients on the coherent propagation paths, i.e., spatial and temporal consistency, can be achieved naturally. 
In the stochastic part of the proposed hybrid model, random scattering paths can be realized by using either of following two methods:
· Introducing random objects in the map, as shown in Figure 1, and calculating the path parameters based on scattering theory [8];
· Introducing random clusters directly in the parametric model according to the statistical distribution as defined in 3GPP 3D channel model [9]. 
Last but not least, diffuse scattering caused by the propagation interactions upon rough surfaces is emulated in the stochastic part of hybrid model, by extending all of aforementioned paths to multi-path clusters as defined in 3GPP 3D channel model [9], since its wavelength is comparable to the roughness at high frequencies [10]. To be more specific, a group of scattered paths exist around one specular path whose power is reduced due to the power balance between before and after the interaction point. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fulfillment of modeling requirements in map-based hybrid model
The satisfaction of modelling requirements by the hybrid channel model is examined as following.
Requirement #1: Complexity in terms of Description, Generating channel coefficients, development complexity and Simulation time should be considered. 
Fulfillment: Yes. The hybrid model is proposed to seek the trade-off between the complexity and accuracy. For the complexity of description, ray-tracing approach in the deterministic part directly inherits the existing reference like METIS and MiWEBA, and meanwhile the stochastic part is built upon the existing 3GPP 3D channel model. New implementations in the hybrid channel model mainly involve the parameter configurations and combinations between the deterministic clusters and random clusters. Furthermore, complexity analysis including the generating channel coefficients, development and simulation time has been elaborated in [3], [11] and [12], which shows that these complexities for the proposed hybrid channel model are acceptable in practice.
Requirement #2: Support frequency range up to 100 GHz. 
· The critical path of the SI is 6 – 100 GHz
· Take care of mmW propagation aspects such as blocking and atmosphere attenuation.
Fulfillment: Yes. The deterministic part (i.e. geometrical optics and UTD) of the hybrid model is applicable for a wide range of frequency at least for 6-100 GHz [13], while stochastic part has the same capability to handle frequency up to 100GHz as the stochastic-only model.
Requirement #3: The model should be consistent in space, time and frequency
Fulfillment: Yes. As shown in Figure 1, the deterministic paths inherently possess the consistency property via deterministic calculation for their electromagnetic propagations based on the map. On the other hand, the random paths, which aim to depict the randomness of channel components, such as the F-rays defined in [14], are generated without necessarily satisfying the spatial-temporal consistency.
Requirement #4: Support large channel bandwidths (up to 10% of carrier frequency)
Fulfillment: Yes. There is no need to have additional bandwidth handling in ray-tracing tool as long as the bandwidth is up to 10% of carrier frequency. The electric calculation based on centre frequency can be representative for the whole bandwidth. If extremely large channel bandwidth (>10%) is needed, the bandwidth can be partitioned into bins and the ray-tracing has no problem to be applied separately to each bandwidth bin. For the random part generating random cluster and diffuse scattering, the same extensions as in stochastic-only model can be adopted to support large channel bandwidth.
Requirement #5: Aim for the channel model to cover a range of coupling loss considering current typical cell sizes, e.g. up to km-range macro cells. Note: This is to enable investigation of the relevance of the 5G system using higher frequency bands to existing deployments.
Fulfillment: Yes. As the core component in the deterministic part of hybrid model, ray-tracing tool is not limited by cell sizes as long as the corresponding digitized map is available. On the other hand, similar to any stochastic model, the random part of hybrid model mainly relies on the measurable field data. In other words, the hybrid model provides some advantages in modeling capability when the modeling falls into the range beyond measurable limit but still within support of electromagnetic theory. For example, if the field data to derive the stochastic model for certain UMa scenario is not measurable, the number of random clusters in the hybrid model can be configured to zero, and the hybrid channel model falls back to the fully-deterministic map-based model with some random objects drawn in the digital map. In this way, the corresponding UMa scenario that is not supported by the stochastic-only model is still supported by hybrid model.
Requirement #6: Accommodate UE mobility
· Mobile speed up to [500] km/h. 
· Develop a methodology considering that model extensions to D2D and V2V may be developed in future SI.
Fulfillment: Yes. There is no limitation on UE mobility in the deterministic ray-tracing by the support of either true motion or drop-based evaluation. Multi-link and dual-mobility are also supported since these configurations can be easily implemented per snapshot in ray-tracing tools. On the other hand, the same extensions as in stochastic-only model can be adopted in stochastic part of hybrid model to support UE mobility.
Requirement #7: Support large antenna arrays
Fulfillment: Yes. Under the assumption of plane wave, the same modeling principle and procedure as in the stochastic-only modeling for the large antenna arrays can be reused in hybrid model. In addition, for the extremely large antenna arrays, spherical wave calculation should be taken into consideration, where the ray-tracing can support it by calculating the deterministic delay and arrival/departure angles  per each TX-RX antenna pair. If the spherical wave is supported in the stochastic-only model, the same way can be applied to the stochastic part of hybrid model. 
Conclusion
This contribution reviews the channel modeling requirements within map-based hybrid model, and concludes that
Observation: The map-based hybrid model fully meets all agreed modelling requirements. 
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