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Introduction
A study item for high-frequency channel modelling was proposed and approved in [1]. For the channel modelling methodologies, there are generally three candidates available, including stochastic model, ray-tracing based deterministic model and ray-tracing based hybrid model. This contribution discusses some general considerations in the selection of high-frequency channel model methodology.
Modeling methodologies 
The wireless propagation generally consists of the specular components and diffuse components. The specular components include the wave propagations such as Line-of-Sight (LOS), specular reflection, diffraction and penetration, and therefore contribute the dominant energies in the overall channel responses. The diffuse components mainly comprise the diffuse scattering, whose collective contribution cannot be ignored though the single scattering ray could be much weaker. Plenty of studies on methodologies have been carried out and can be roughly divided into following three categories: 
· Stochastic channel model: Both the specular components and diffuse components are randomly generated from the established statistical distributions. The modelling parameters used inside the statistical distributions are abstracted based on extensive measurements and simulations across different scenarios and/or different geometry layouts belonging to the same scenario. Examples of stochastic modelling are 3GPP 3D model[2], WINNER II model, COST 2100 model and METIS stochastic model[3].
· Deterministic channel model: The channels are emulated in a determinant scenario. The properties of each ray, such as pathloss, propagation delay, angles of arrival/departure and etc, are directly obtained by applying ray-tracing to a deployment map. The specular components, including LOS, specular reflection, diffraction and penetration, are calculated based on well-established propagation theories[6]. The incoherent diffuse scattering are also implemented as a semi-deterministic way based on theoretical models such as the effective roughness model [7] and radio cross-section model [8]. Examples can be found in [3]. 
· Hybrid channel model: In such modelling framework that aims to balance between accuracy and complexity, some ray components are calculated by deterministic model while the others are implemented by stochastic model. Examples of hybrid model are METIS hybrid model, MiWEBA Quasi-Deterministic (Q-D) model and the one proposed in [5]. 
The above-mentioned channel model methodologies are summarized in Table 1.
	
	Stochastic model [2] [3]
	Deterministic model  (METIS map-based [3])
	Hybrid model

	
	
	
	METIS hybrid [3]
	MiWEBA Q-D [4]
	Hybrid in [5]

	Stochastic part
	All rays
	-
	All components except pathloss and shadowing
	R-rays: low-power rays, 2nd-order and above reflections 
	Diffuse scattering

	Deterministic part
	-
	diffraction, specular
reflection (on/off), diffuse scattering (on/off), blocking
	pathloss and shadowing
	D-ray: LoS, 1st-order reflection
	LoS, shadowing, reflections, diffractions, penetrations


[bookmark: _Ref441762877]Table 1 Summary of channel model methodologies
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]In the long history of industrial/academic simulations for wireless communication systems, there is an "always true" simulation principle that is called "law of total expectation" in probability theory and represented by 

                                (Equation 1)

where X represents the performance of a communication system, Y represents the set of random-wise conditions {}, each of which leads to a realization of X. This principle indeed says that, if the system performance would depend on condition Y, the final system-wide average performance should be the average, in terms of condition Y, of the conditional performances X|y based on each realization of condition Y. Specifically, it is not a common understanding that the expected performance can be obtained from 

                                         (Equation 2)
The law of total expectation could be found anywhere in the performance evaluation of wireless communications for years. The most common examples we see in RAN1 include:
· 
The cell-wise average UE performance (X) is the average of each UE's performance (X|y) conditioned on each UE's location (Y), where UEs are uniformly distributed within the cell. In contrast, it is not considered a correct evaluation in which the cell-average UE performance is obtained as the performance of a single UE with the "averaged location"  in the cell (). 
· 
For one UE and one eNB in fading channel, the averaged DL or UL performance (X) is the long-term average of performances over various subframe instance or channel fading, i.e., the performance conditioned upon time or fading realization (X|y).  In contrast, it is not considered a correct evaluation in which the average DL or UL performance is obtained as the performance in one single subframe that experiences the "averaged fading channel"().  

In general, depending on whether the function  is concave, convex or irregular in terms of y, the gap between Equation 1 and Equation 2 can be always biased or completely unpredictable. This is why Equation 2 is not a generally correct evaluation principle. 
However, when it comes to stochastic channel model for low frequencies, such as 3GPP 3D channel model, the consequent evaluation logic somehow follows Equation 2, because the evaluated performance would be based on one single set of modelling parameters, which are the statistics (i.e., in the sense of "averaging") coming from numerous channel realizations and deployment layouts. The stochastic channel modelling can work so far because of following reasons when compared to its potential deficiencies in 5G high frequency framework:
· For low frequencies, the channel variation is not as sensitive to different propagation environments and layouts as in high frequency. Due to the large wavelength at low frequencies, the penetration loss is not significant and the diffraction from the edge of the obstacle partly compensates the power loss. Therefore, the overall channel variations in the similar scenarios are confined and can be characterized by some statistical distributions.  
· Prior to 5G technologies, the UE antenna is usually Omni-directional. So randomness of propagation rays in the angular domain does not cause many issues from view of final performance. 
It is well recognized that the above two conditions making stochastic channel model a workable tool do not hold any longer for the 5G technologies working with high frequencies. 
· For high frequencies, the wave propagation exhibits more “optical behaviours”, so the dominant propagation paths remain coherent and consistent. The overall channel fading is more like location-related and thus can be well characterized by the deterministic ray-tracing based model. On the other hand, it can be difficult to model these characteristics (i.e. time-spatial consistency) by stochastic model, because the channel variation is not really randomly distributed but bound to the specific locations; even for the same scenario or deployment, different layouts or different Tx locations would lead to different channel statistics under high frequency [9].
· The new MIMO techniques in 5G system is supposed to be much more sensitive to the modelling accuracy in the angular domain. So the earlier modelling based on stochastic principle can result in propagation states that diverse too much from the empirical ones. In addition, because the 5G technologies including MIMO would be studied in RAN1 later than the SI on channel modelling, it can be difficult to ensure at this stage what kind of stochastic modelling improvement can guarantee the accuracy in angular domain for future MIMO techniques.  
Observation 1: The conditions that keep accuracy of stochastic channel modelling on acceptable level in low frequencies prior to 5G no longer hold valid for 5G technologies in high frequencies. 
Meanwhile, there are also some other benefits for using ray-tracing based channel model under high frequencies. Table 2 illustrates the existing channel models widely adopted in major standard bodies and research organizations focusing on channel modelling, alone with the frequency ranges that are claimed to be supported by the corresponding channel models. It can be seen that, even though the stochastic model has been in popular use for low frequencies, it is not widely accepted so far for high frequency larger than 6GHz; in contrast, the ray-tracing based methodologies (either deterministic or hybrid) gained more attentions and efforts under high frequencies. This fact suggests that
· The starting point in 3GPP RAN1 with ray-tracing based methodology can be technically stronger than the one with stochastic method, given the ray-tracing method is much mature and the corresponding studies for applying ray-tracing technology to high-frequency channel modelling has been already well established in industry. This is particularly important because the overall time for RAN1 to work out the high-frequency channel modelling is quite limited. 
· To support ray-tracing based modelling methodology in 3GPP would introduce a convenient way to obtain cross-reference and/or cross-check with standard bodies and organizations outside of 3GPP. This not only means the channel modelling study, but also includes any performance verifications depending on the channel modelling. To have a common base in channel modelling for cross-reference and cross-check could become more important and useful when the technology coexistence is touched more often in future.  
	Channel Models
	Frequency Range (GHz)

	Stochastic
	3GPP 3D
	1-4

	
	WINNER+
	1-6

	
	METIS stochastic 
	0.45-6, 50-70

	Deterministic
	METIS map-based
	up to 100

	Hybrid
	IEEE 802.11ad 
	60-66

	
	MiWEBA Q-D
	60 (can be extended)

	
	METIS hybrid
	up to 100


[bookmark: _Ref441824249]Table 2 Frequency capability of existing channel models
Observation 2: Across industrial standard bodies and organizations, the ray-tracing based methodologies (either deterministic or hybrid) gain more attentions and efforts under high frequencies than stochastic methodology.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
This contribution provides the following observations:
Observation 1: The conditions that keep accuracy of stochastic channel modelling on acceptable level in low frequencies prior to 5G no longer hold valid for 5G technologies in high frequencies.  
Observation 2: Across industrial standard bodies and organizations, the ray-tracing based methodologies (either deterministic or hybrid) gain more attentions and efforts under high frequencies than stochastic methodology.  
Based on above observations, ray-tracing based method should be the safer and more promising starting point for RAN1's study on high-frequency channel modelling.
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