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[bookmark: _Ref301342314]Introduction
In a propagation environment each path may be obstructed by e.g. humans and vehicles. The effect of this blocking may be substantial, particularly for higher frequencies in the millimeter range. For this reason it is proposed that modeling of blocking should be included in the 3GPP 5G channel model. Herein it is demonstrated that straightforward and simple modeling of blocking is possible exemplified by the METIS blocking model [1]. This model is applicable to any ray based channel model where the directions of arrival and departure are specified for each sub-path as is the case for e.g. the 3GPP 3D channel model. While the METIS model is composed of both a blocking part and a scattering part only the blocking part is addressed herein. 
Blocking Model
This proposal models the signal attenuation due to blocking of significant paths. It is based on that the blocking object is in LOS relative to either end or both ends of the link. Each blocking object is approximated by a rectangular screen as illustrated in Figure 1. For simplicity the screens are vertical. Further, a combination of multiple screens may be used to model simple shapes. However, for simplicity, the screens are continuously rotated in the METIS model so that they are perpendicularly oriented with respect to each path (in the end of the link where the blocking object is in LOS with respect to the same end) in the projection from above. This means that as a path changes direction (due to e.g. change of RX and/or TX location) the screen turns around a vertical line through the center of the screen so that it is always perpendicular to the path direction. It should be noted that different rotations are required for different paths. 
The corresponding shadowing loss is modelled using a simple knife edge diffraction model for the four edges of the screen as

 	

where , and , account for knife edge diffraction at the four edges corresponding to the height, , and width, , of the screen (See Figure 1). The shadowing for a single edge is given by
	  	
where  is the wave length,  and  are the projected distances (according to the projections from side and from above in Figure 1) between the nodes and the edges of the screen and  is the projected distance between the nodes. The plus sign refers to the shadow zone for each projection (i.e. it is possible that one projection is in LOS and the other in NLOS). When the link is in NLOS the plus sign applies to both edges. For LOS conditions the edge farthest from the link is in the shadow zone (plus sign) and the other in the LOS zone (minus sign). For the case of multiple screens the total loss is given by summing the losses of each contributing screen in dB units.


Figure 2 shows a comparison of the model with measurements at 60 GHz [1]. A LOS link of 3.7 m distance was measured when a person walked back and forth between TX and RX blocking the link. Modelling the person with a screen, having a width of 30 cm, results in a good agreement between the blocking model and the measurement data.






Projection from side
Projection from above
Figure 1: Shadowing screen model. 
Figure 2: Body blocking loss for a LOS link (4 m distance) at 60 GHz. The signal strength was measured as one person was walking back and forth crossing the LOS link. A model screen width of 30 cm is used to approximate the width of the person. 


[bookmark: _GoBack]Figure 3: Blocking of LOS channel by truck (upper photo). In the middle graph the screen model of the truck is shown. In the lower graph the output of the blocking model at 14.8 GHz is shown where two screens have been used to model the truck. 
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Another comparison is shown in Figures 3 and 4 where a truck temporarily blocks the LOS path, at 5 m distance from the UE, in an urban street scenario at 14.8 GHz [3]. Here the truck is modelled with two rectangular screens representing the truck cab and the container. The total length of the truck is about 9 m and the length of the cab is about 2 m with a separation gap of 40 cm between the cab and the container. In Figure 3 the shadow region behind the truck is illustrated with the output of the blocking model. For realistic modelling scattered paths in directions other than the LOS direction are added assuming a Ricean K value of 8.5 dB. This K value matches the measurement data well as seen in Figure 4.Figure 4: Modelled and measured signal strength attenuation due to blocking of LOS by the truck shown in Figure 3. In order to fit the model to the measurements a truck speed of 25 km/h has to be assumed. Further, a Ricean K value of 8 dB was fitted to the measurement data.

Model usage
A blocking model such as the one described in the previous section is quite powerful and can be used in many different ways in link or system-level simulations. It could also be parameterized in order to model stationary or dynamic blocking by humans, vehicles, and other objects, by defining the size and trajectory of single and multiple screens. 
Two different approaches to narrowing down the possible modeling choices can be considered:
1. A set of typical model parameters are specified as part of the channel model and used for all simulations (note though that the use of the blocking model itself is entirely optional)
2. Some typical model parameters are provided for information but not “hard-coded” in the channel model. The selection how to parameterize the model is instead part of the simulation assumptions and can differ between different studies depending on the needs of the particular study. An example of such model parameters for informative purposes is provided in Table 1.
[bookmark: _Ref445310382]Table 1 Example of possible model settings
	
	Distance to blocker [m]
	Size of blocking screen [m]
	Velocity of blocker [km/h]
	Number of blockers per UE

	Human blocking
	1-5
	0.3x1.5
	0-3
	0-2

	Vehicle blocking
	2-25
	5x2
	0-300
	0-3





Conclusions
In this contribution a simple and straight forward addition to any ray based channel model for blocking of significant paths is presented. The model has been demonstrated to be accurate by comparisons with measurements. Further it inherently accounts for the frequency dependency of blocking providing sharper and deeper blocking at higher frequencies. It is clearly shown, using the METIS blocking model as an example, that simple accurate and 3D compliant blocking modeling may be easily be implemented as an add on component of the new 3GPP channel model.
        Proposal 1: 
· Use the described blocking model in this contribution for the new 3GPP channel model
        Proposal 2: 
· Consider whether the blocking model parameters should be specified as part of the channel model or as part of simulation assumptions
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