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1 Introduction
As one of the key technologies to boost performance of current LTE and future 5G systems, widening bandwidth gains wide attentions in both industries and academia. As the spectrum below 6GHz becomes more and more congested, high-frequency communication at above 6GHz is a natural choice to support system bandwidth of more than 100MHz or even up to 1GHz. In light of this, a Study Item (SI) for high-frequency channel modeling was proposed in [1] and approved by 3GPP. The first email discussion on this SI was taken and some companies/organizations published their views covering channel modeling issues, such as deployment scenarios, spectrum bands of interest, modeling methodology, necessary key features in modeling and etc.
This contribution further elaborates our views on scenario classification, necessary key features in the modeling, and channel modeling methodologies.
2 Scenario classification
As given in the RAN email discussion, our view on deployment scenarios is to include scenarios and the corresponding prioritizations as listed in Table 1 into this SI.  
	Scenarios & Freq
	6~20 GHz
	20~30 GHz
	30~60 GHz
	>60 GHz

	Indoor
	Conference
	High
	High
	High
	High

	
	Office
	High
	High
	High
	High

	
	Shopping Mall
	High
	High
	High
	High

	
	Stadium
	High
	High
	High
	High

	
	Gym
	High
	High
	High
	High

	UMi
(O2O)
	Open square
	High
	High
	High
	High

	
	Street canyon
	High
	High
	High
	High

	
	Campus
	High
	High
	High
	High

	UMa (O2O)
	High
	Low
	Low
	Low

	UMi/UMa (O2I)
	High
	Low
	No
	No


Table 1 Scenarios considered for channel modeling

Notes: “High” and “Low” indicate high and low priorities, respectively. “No” indicates that the corresponding combination of the deployment scenario and frequency band is not suggested.
The classification of scenarios should be based on geometry [3]

 REF _Ref436567183 \r \h 
[4], service application [4] and radio propagation [3]

 REF _Ref436567218 \r \h 
[5]. To be more specific: 
· The general indoor (I2I) deployments can be further classified, according to the geometric layout and channel characteristics, into conference and office as mentioned in [5], as well as the shopping mall and stadium as mentioned in [6]. Gym is considered similar to stadium but without open roof.
· For the typical UMi (O2O) deployments, open square[8], street canyon [3] and campus should be studied independently since they represent different geometric layouts and application cases. Inclusion of the campus deployment can be specifically meaningful, given a considerable amount of field measurements that are available to public access are provided by the universities, with the measurements performed in campus environment. 
· For UMa (O2O) deployment, where the eNB-UE distance could be far larger than the one in indoor scenario and UMi (O2O) scenario, the communication link at higher frequency could have much bigger chance to suffer from free-space pathloss, blockage, foliage and etc, which may make it more challenging to allocate 5G channels on these frequency bands.  Therefore, we think the channel modeling for UMa (O2O) should not have high priority under higher end of frequencies. 
· For UMa/UMi (O2I) deployments, the well-known issue of penetration loss, which is modeled as 20dB+0.5din (din is a random value representing the distance between indoor UE and building wall) in current 3GPP 3D channel model, is expected to be more severe as the frequency goes higher. Without any benefit to justify the additional cost on eNB/UE power consumptions in supporting such deployments, we would suggest keeping UMa/UMi (O2I) as low priority or even precluded from this SI.   
Meanwhile, the earlier studies on channel modeling show a clear observation that, even in the same scenario classification such as indoor or UMi (O2O), the accurate channel modeling for different deployments in that classification may still require different modeling parameters or procedures. Examples are given in Table 2 for indoor temporal properties and in Table 3 for indoor spatial properties.  Such differentiations among the different deployments leave people with a reasonable hint that it should be left to RAN1 to consider whether the channel modeling for various deployments in each classification group (indoor, UMi (O2O), etc) should be treated separately or consolidated. 
Observation 1: With the deployment scenarios for 5G communication  decided in RAN plenary, it should be left to RAN1 to consider whether the channel modeling for various deployments in each classification group (indoor, UMi (O2O), etc) should be treated separately or consolidated. 
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Table 2 r.m.s. delay spread (Table 5 in [4])
Notes: “A”,”B” and “C” represent the frequently occurring low value, frequently occurring medium value and rarely occurring extremely high value, respectively.
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Hall 237 218256 - -
Office 148 39388 540 54
Home 24 63936 255 4274638
Comidor 5 5 1476 237





Table 3 Angular spread (Table 11 in [4])
3 Key features of high-frequency channel model
The high-frequency channel modelling should be able to accurately capture channel characteristic according to system requirements and deployment scenarios in both system-level and link-level evaluations. The internal logical relationships among requirements, key features and potential technical solutions, e.g., beam-forming, beam-tracking and spatial diversity schemes, are illustrated in Figure 1, where the key features of channel modelling are marked in red and explained as following. 
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Figure 1 Relations among key features of channel modelling and 5G applications
· The foliage, atmosphere and rain attenuations: These absorption losses in transmission medium are functions of carrier frequency and are greater at certain frequencies coinciding with the mechanical resonant frequencies of Oxygen and water molecules. ITU RP.452 [7] has summarized the relevant studies and proposed the mathematic models of these attenuations.
· The blockage caused by the static/moving objects such as human body and vehicle: The blockage attenuation generally increases with shorter wavelength. The modelling may include blocking probability and blocking loss caused by people and vehicles. For the application of the beam-related techniques, the influences of the phenomenon should be well investigated in large scale fading and/or small scale fading. METIS Channel Model [8] gives a comprehensive approach to depict this feature only for small-scale fading. 
· The spatial consistency: This refers to the correlation between any two communication channels whose transmitters or receivers are either the same or nearby, where the correlation can occur in both large scale fading and small scale fading. This feature is considered crucial in the support of massive/distributed MIMO, beam tracking, CoMP and UDN.
It should be highlighted that the above key features are essential characteristics of higher-frequency channels and should be well investigated in details in order to support the aforementioned 5G techniques.
Observation 2: The high-frequency channel modeling should at least contain following key features
· The foliage, atmosphere and rain attenuations;
· The blockage caused by the static/moving objects;
· The spatial consistency.
4 Channel model methodology
Plenty of studies on stochastic-based, map-based and hybrid-based modelling have been carried out. 
· In the stochastic model, the modelling parameters which are used to describe the corresponding features of the propagation channel are abstracted based on extensively measurements and simulations across different scenarios or across different geometry layouts of the same scenario. The evaluation outcome for a given eNB/UE distance/layout based on these abstracted parameters could be far different from the real field measurement for the same eNB/UE distance/layout.  
· In the map-based model, which is typically a deterministic procedure to emulate channels in a specific and determinant scenario, the properties of each ray, such as path loss, propagation delay, angle of arrival and angle of departure, are directly calculated by applying ray tracing principle to a well-defined deployment/environment layout map. The significant propagation mechanisms such as diffraction, specular reflection, diffuse scattering and blocking are also implemented based on ray-tracing. The map-based model is recognized as accurate and realistic, especially for massive MIMO and advanced beam-forming, however, with the drawbacks in requiring knowledge of detailed environment map and resulting in high complexity. 
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Figure 2 Hybrid channel model approach
In our view, the new channel modelling should keep a balance between modelling accuracy and computation complexity, which suggests a reasonable consideration for a hybrid modelling method that involves both the deterministic part and the stochastic part of the propagation channels. As shown in Figure 2, the dominant rays including LOS, reflection and diffraction are calculated in deterministic manner, while the small-scale fading details, such as the intra-cluster characteristics and effects of blockage, are generated by stochastic method. This hybrid modelling is different from the METIS hybrid modelling [8] by introducing reflection, diffraction and penetration into deterministic model part and leaving diffuse scattering inside stochastic model part. In contrast, the METIS hybrid modelling puts all these channel properties except the pathloss and shadowing into stochastic model coverage. The reasons for doing such hybrid modelling as in Figure 2 include: 
· For the higher frequency, diffuse scattering rays only contribute small portion of total received energy at the receiver, but the modelling of diffuse scattering could consume large portion of total computation complexity if it is modelled with deterministic ray tracing. 
· For the higher frequency, the large portion of total propagation energy is carried on rays of LOS, reflection and diffraction.  The accurate modelling of energy distributions and losses on these rays would certainly lead to the accuracy improvement of the overall modelling. In addition, compared to the low frequency modelling in which the MIMO techniques do not care too much on how the dominant rays are modelled, higher-frequency channel modelling may have a completely different requirement coming from massive MIMO, beam-forming and beam-tracking. It is still unclear so far whether the stochastic model of these dominant rays such as reflections and diffractions could provide promising modelling accuracy to support above-mentioned MIMO techniques.  
Given RAN1 is assigned the SI task to decide the channel modelling methodology, the above-mentioned principle for hybrid modelling should be included in RAN1 study scope. 
Observation 3: The hybrid modeling methodology can balance between modeling accuracy and complexity, and therefore should be considered by RAN1 as one of modeling candidates. 
5 Conclusion
The contribution provides our observations as following for the high-frequency channel modeling:
Observation 1: With the deployment scenarios for 5G communication  decided in RAN plenary, it should be left to RAN1 to consider whether the channel modeling for various deployments in each classification group (indoor, UMi (O2O), etc) should be treated separately or consolidated. 
Observation 2: The high-frequency channel modeling should at least contain following key features

· The foliage, atmosphere and rain attenuations;
· The blockage caused by the static/moving objects;
· The spatial consistency.
Observation 3: The hybrid modeling methodology can balance between modeling accuracy and complexity, and therefore should be considered by RAN1 as one of modeling candidates. 
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