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Introduction
[bookmark: _GoBack]At the RAN #69 meeting [1], a new study item on channel model for frequency spectrum above 6 GHz was approved. After that, email discussion was held between RAN #69 and RAN #70 meetings, wherein one of the discussion points is to collect companies’ views on additional features that shall be studied in the above 6GHz channel model, compared to the existing channel models. A summary of the email discussion was presented in [2], which captures the following additional features:
· Foliage, atmosphere and rain attenuations as a function of frequency
· The blockage caused by the static objects and moving objects such as human body and vehicle: The blockage attenuation generally increases with frequency
· The spatial consistency which involves the evolutionary features and the correlation of channels between adjacent UEs or links on the large and small scale. This is useful for support of massive MIMO, mobility and beam tracking
· Support of large bandwidth (possibly up to 10% of carrier frequency)
· Support of 3D beamforming with large arrays
In this contribution, we provide our views on how to handle modeling issues of the above features in the channel model study item.
Additional Features in Above 6GHz Channel Model
The motivation of specifying new features in the high frequency channel model may come from several aspects. 
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Figure 1: Key phenomena and system requirement at higher frequency propagation.
First of all, some radio propagation properties may differ greatly in sub-6GHz bands and above-6GHz bands, or have a strong dependence in frequency. Figure 1 illustrates key phenomena that may impact the radio propagation in the higher frequency band, including attenuation of vegetation, attenuation of atmosphere and rain, shadowing effect of human body or other moving objects, e.g., vehicle, and the impact of rough surfaces. We conducted field measurements in anechoic chamber to investigate the effect of shadowing loss of human body. The setup of the experiments is illustrated in Figure 2. The transmitter and the receiver are placed face to face on the x-axis at the position of (-2m, 0m), and (-2m, 0 m). An assistant move along the y-axis from (0, -25cm) to (0, 25 cm). Given a fixed position of the assistant, shadowing loss is measurement accordingly. The measurements are made at three center carrier frequencies, i.e., 12GHz, 15GHz and 18GHz. The experimental results of shadowing loss values versus the positions of the assistant is shown in Figure 3.
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Figure 2: Measurement of shadowing effect of human body.
[image: ]
Figure 3: Measurement results of shadowing effects caused by human body.
Measurement results clearly show the impact of human body blockage. Up to 25 dB shadowing loss is introduced thereby. It can be also clearly observed that the magnitude of the loss depends on the carrier frequency. Larger loss is observed in high frequency band case. More detailed information and additional measurement results can be found in [3] and [4]. It is also discovered from other measurement results that the blockage may be caused by static object, depending on the radio propagation environment. A more detailed analysis of such blockage effect can be found in [5]. 
The impact of human body blockage may differ in different environments. It is expected that the blockage rate will increase with the density of the population. To investigate that, we set up another experiment, as illustrated in Figure 4. In this experiment, a pair of transmitter and receiver is placed in an indoor environment, and multiple assistants made random movements within the room. The effect of human body blockage is measured by observing and recoding the reception power at the receiver. To investigate the effect of the population density, we considered 4 cases with the involvement of 0, 1, 3 and 5 assistants respectively. The measured cumulative density distribution (CDF) curves of received power strengths for these four cases are shown in Figure 5. Two frequency bands are considered, i.e., 2.2 GHz and 26.4 GHz. From the measurement results, it can be clearly seen that the impact of human body blockage is much more evident in the high frequency band (26.4GHz) than that in the low frequency band (e.g., 2.2GHz). It can be further observed that at the high frequency band, higher density of population will introduce much more shadowing loss. That means the high frequency channel model shall correctly capture the density of the population, or more generally, the population of the objects that may generate blockage effect in the high frequency band. Based on such investigation, we have the following proposal.
Proposal 1: A frequency dependent modeling of the blockage effect, caused by static objects and moving objects such as human body and vehicle is considered in above 6GHz channel model.
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Figure 4: Experiment with multiple persons.
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Figure 5: Measurement results of population density dependence of human body blockage.
In addition to the channel propagation properties, deployment requirements shall also be considered in channel modeling. It is expected to exploit very wide band width, e.g., greater than 1GHz in the high frequency band to provide very high peak data rate. To support the evaluation of very wideband transmission, the channel model shall be specified with sufficiently high resolution in the time domain. The deployment of massive MIMO and using beamforming is also very important for high frequency bands. With a very large scale antenna array, beamforming may result in very high directivity. To accurately characterize such properties, channel model shall be specified with very high spatial resolution. In the 3GPP 3D channel model, uniform cross-polarized array (UCA) and uniform linear array (ULA) are considered. In the future, a much more diverse range of arrays, e.g., linear, planar, cylindrical and spherical arrays, with arbitrary polarization will be considered. Then the new channel model shall consider the support of those array structures. If a very large scale linear array is considered at a very high frequency band, then the typical assumption of plane wave is not valid anymore. A new model shall be specified by considering a more realistic sphere wave. Based on the above analysis, we have the following proposal.
Proposal 2: Support of large bandwidth and large antenna array with realistic assumptions can be considered in high frequency channel model.
With the development and maturity of technologies, such as MU-MIMO with large antenna array, V2X, it requires the channel model to be more consistent in time/frequency/space in order to provide realistic simulation results. For example, spatial consistency shall be modeled in order to ensure the correct evaluation of MU-MIMO performance when users are located very close to each other. Correct evaluation of new technologies, such as beam tracking also relies on an accurate modeling of the spatial consistency. Based on such analysis, we propose the following.
Proposal 3: Modeling of spatial consistency is supported in new channel model. Impact to system level evaluation shall be carefully investigated.
Considerations on Modeling Methodologies of Additional Features
Blockage effect
From our measurement results, it can be seen that the blockage is caused by moving objects, e.g., human being. And according to the results in Figure 3, it is appropriate to model such blockage effect by adding an extra shadowing component in the small scale fading in certain paths and clusters. For blockage caused by static object, it can be considered to add extra shadowing in the large scale fading. Since the occurrence of such blockage is dependent on deploying environment, a blockage probability can be introduced. When introducing the blockage model, it shall clearly distinguish between the conventional path loss, shadowing and the new blockage to avoid the case that any shadowing effect is double counted in the model.
Proposal 4: Blockage effect can be modeling by adding extra shadowing components with certain probability, given that such additional shadowing is not double counted in the conventional definition of path loss or shadowing.
Spatial consistency
In the existing 3GPP channel models, e.g., the 3D channel model, spatial consistency is partially considered by using the correlation distance concept. Using this model, large scale parameters, e.g., delay spread (DS), K-factor, shadow fading for different UEs can correlated in a 2D plane. To fully support 3D scenario, such a model shall be firstly extended to support 3D correlation distance. In addition, to accurately model the spatial consistency in dual mobility scenario, a 6D correlation model is needed. Straightforward extension of the existing model will lead to intolerable computational complexity. In [6], a simplified model is proposed. Spatial consistency can also be modeled using the cluster model. Generally, nodes that are located closely may share some number of clusters.
Proposal 5: RAN1 shall carefully choose an appropriate model to characterize the spatial consistency, considering the tradeoff between modeling accuracy and implementation and computational complexity for system-level simulation.
Foliage, atmosphere and rain attenuations
The ITU document of “Attenuation by atmospheric gases” [7] provides two models to calculate the atmosphere attenuation; the document of “Attenuation in vegetation” [8] provides multiple models to calculate the foliage attenuation; the document of “Specific attenuation model for rain for use in prediction methods” [9] provides a modeling methodology for the rain attenuation, having the rain rate as an input parameter. Based on these models, and based on the discussion of deployment scenario and frequency bands of interest, RAN 1 can evaluate the impact of foliage, atmosphere and rain attenuations and decide how to model them in high frequency channel model.
Proposal 6: The attenuation models provide by ITU documents is a baseline, if modeling of foliage, atmosphere and rain attenuations is identified as necessary.
Summary
In this contribution, we analyzed additional features that shall be introduced to the above 6GHz channel model. Based on our investigation, the following proposals can be made.

Proposal 1: A frequency dependent modeling of the blockage effect, caused by static objects and moving objects such as human body and vehicle is considered in above 6GHz channel model.
Proposal 2: Support of large bandwidth and large antenna array with realistic assumptions is considered in high frequency channel model.
Proposal 3: Modeling of spatial consistency is supported in new channel model. Impact to system level evaluation shall be carefully investigated.
Proposal 4: Blockage effect can be modeling by adding extra shadowing components with certain probability, given that such additional shadowing is not double counted in the conventional definition of path loss or shadowing.
Proposal 5: RAN1 shall carefully choose an appropriate model to characterize the spatial consistency, considering the tradeoff between modeling accuracy and implementation and computational complexity for system-level simulation.
Proposal 6: The attenuation models provide by ITU documents is a baseline, if modeling of foliage, atmosphere and rain attenuations is identified as necessary.
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