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1
Introduction
In the RAN #69, the SID for above 6GHz channel modelling was approved in [1]. As part of the study, an e-mail discussion conducted focusing on analysis of channel modelling activities outside of 3GPP, interested scenarios, frequency bands, modelling methodologies, etc. [2]. 
A possible way to reflect the requirements in the channel model in this SI is according to the following four steps:

· Step 1: Agree on a list of requirements on the new channel model
· Step 2: Agree on a general modeling methodology and a list of features corresponding to the agreed requirements

· Step 3: Agree on methodology for reflecting each agreed feature

· Step 4: Agree on detailed procedures and/or parameters necessary for describing the methodology for each feature

This contribution discusses how to model the additional featured discussed in [2], [3] (Step 3)
2
Modeling Methodology of Additional Features 
This section discusses modeling methodologies for the additional features proposed in [5].
Foliage, atmospheric attenuations due to e.g. rain and oxygen absorption
These features can be added as an additional loss term, L, to the baseline pathloss model. The total pathloss (PL) can be described, in this case, as:

PL [dB] = PL'(f, d) + L(f, d, r, k),
where:

· PL'(f, d) is the distance & frequency dependent baseline pathloss, which can be the same as the PL in [6]; and
· L(f, d, r, k) is for the additional attenuation
· r = rainfall rate;
· k = density of foliage in the network;
· f is the carrier frequency; and
· d is the link distance
It is noted that L(f, r, k) should capture additional frequency dependency owing to gas absorption, that is not captured by the baseline PL. Whereas the baseline PL is a linear function of frequency, this additional frequency dependency is non-linear as seen in Figure 1, which is copied from [7].
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Figure 1. Average atmospheric attenuation [7]
The blockage caused by the static objects and moving objects such as human body and vehicle
In >6GHz channels, blockage is caused by either static objects or moving objects. Also, the moving objects can create new reflection paths, which can be considered as another new feature. The blockage and reflection are illustrated in Figure 2. 
The blockage caused by static objects can be captured by statically turning off a certain number of clusters out of the total number of generated clusters.

On the other hand, the effect of dynamic blockage can be modelled as dynamic cluster shadowing; and the effect of additional reflection can be modelled as dynamic cluster creation. Both shadowing and creation of clusters may be able to be captured in a same modelling framework. In this framework, a number of clusters are generated according to the baseline channel model; and the number of clusters can dynamically change, dependent upon creation and shadowing (or birth and death) of clusters. The birth and death of clusters may arrive in time according to a random process. Each of the newly created clusters is taken into account for the channel generation for certain limited time duration, which can be deterministically or randomly generated. Each of the shadowed clusters is removed from the channel generation equation for certain limited time duration. The detailed modelling is FFS.
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Figure 2. Illustration of path propagation with blockage-per-cluster and dynamic reflection
Spatial/temporal consistency
When the link distance from the BS to UE is long enough, the angle parameters are not likely to change much within a system-level simulation duration (in case of full-buffer evaluation), or within a packet transmission duration (in case of non-full-buffer evaluation). Hence, it is proposed reuse the static cluster angle modelling for >6GHz channel model as well. 

On the other hand, spatial correlation modelling for large scale parameters is already in place in the 3D channel models [6], but the corresponding modelling for small scale parameters does not exist. It is FFS if and how to model correlation of small scale parameters. 
Support of large bandwidth

For this feature, resolution improvement impact of large BW may be able to be reflected in the channel model. One possibility is to increase number of rays per cluster as the BW increases, but this is FFS for now.

Support of 3D beamforming with large arrays

Channel modelling for 3D beamforming can be achieved with extending the current 3D-SCM model. To model the extension to the large-sized array, few options can be considered: 
· Channel modelling parameter obtained with higher angle resolution; 
· Minimum drop distance modelling in association with far-field assumption. It can make users to keep the condition for receiving planar wave, especially outdoor UMi scenario and mmWave spectrum bands;

· Changing array manifold for supporting large array with large bandwidth; 
· Extension of the 3D-SCM for generating realistic channel with higher angle resolution by revising inter-cluster power distribution by randomly generation, similarly as mentioned in METIS stochastic channel model [8]. 
The exact modeling of this feature is FFS.
3
Conclusion

Based on discussions in clause 2 the following is observed:

Observation 1: Additional loss from foliage, atmosphere and rain attenuation can be modeled as an additional pathloss term.
Observation 2: Dynamic blockage and reflection can be modeled by introducing birth/death controls of clusters over time.
Observation 3: No additional features may be necessary for spatial/temporal consistency; and FFS if and how to model correlation of small scale parameters
Observation 4: Large channel bandwidths and large antenna arrays may be able to be supported if cluster path power generation method is modified a non-uniform one; and if the array manifold is changed. Further study seems to be necessary.
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