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1 Introduction
New study item on channel model for frequency spectrum above 6GHz has been approved in [1]. Discussions on channel model for above 6GHz frequency has started in the industry and academia for some time already. A white paper has been published in Globecom 2015 [2]. Based on the findings of the white paper, channel blockage has been identified as one distinct feature for above 6GHz frequency which does not exist in the low band 3GPP 3D channel model [3]. In RAN1 #84, it has been agreed to model blocking in above 6GHz channel model [4]. This contribution presents one method to model the channel blockage in stochastic channel model.
2 Discussion
[bookmark: _GoBack]As carrier frequency increases, it is easier for the radio signal to be blocked by small objects. In [2], two kinds of blockages are observed from the measurements. The first kind of blockage is dynamic blockage which is mainly caused by moving objects in the environment. The second kind of blockage is geometry-induced blockage which is mainly caused by static objects in the environment. In [5] and [6], different methods have been proposed to model dynamic blockage. This contribution merged these two proposals.
2.1 Channel blockage modelling
The dynamic blockage could be modelled as additional shadow fading on certain channel directions. Assuming the distance between the blocker and transmitter is much farther away than the distance between the blocker and receiver, the blocking effect can be applied to channel receiving directions for simplicity. An example of two blockers is illustrated in Figure 1. Assume the position of receiver is in the origin, we can describe one blocker in Cartesian/polar coordinate system using below parameters:
1) Centre of the blocker (), where  represent the azimuth angle, zenith angle, and radius of the centre of the blocker
2) Azimuth angular span of the blocker (AoA span) , where  is the width of the assumed rectangular blocking surface
3) Zenith angular span of the block (ZoA span) , where  is the height of the assumed rectangular blocking surface
Assume the AoA/ZoA of one channel cluster is (). The blockage effect for this cluster is modelled if the  and , and the blockage effect of one edge of the blocker is modelled using a knife edge diffraction model for the four edges of the blocker as (1) in Cartesian coordinate system or (2-1) and (2-2) in polar coordinate system:
                                           (1)
where  and  are the distance from transmitter/receiver to the four edges of the blocker,  and  are the perpendicular distance from transmitter/receiver to the blocking surface.
                                                   (2-1)
where  represent the four edges of the blocker; the plus sign is used for shadow zone and minus sign is used for LOS zone; and:
                                                                            (2-2)
    Be noted that if the distance from the transmitter to the blocker is much larger than the blocker size, (1) will result in similar blockage effect as (2-1) and (2-2).
Finally, the additional shadowing loss of one blocker applied to this cluster is:
                                                    (3)
    And if one channel cluster is blocked by multiple blockers, the additional shadowing by multiple blockers are summed up. To summarize we have below proposals for blockage model:


[bookmark: _Ref445155227]Figure 1. Example of a blockage modelling
Proposal 1: Channel blockage is directional and applied to channel cluster.
Proposal 2: One blocker is modelled as one surface which is close to the receiver.
Proposal 3: The additional shadowing of one blocker is modelled using edge knife model described in equation (1) (2-1) (2-2) and (3).
Proposal 4: The additional shadowing of multiple blockers are summed up.
2.2 Model configurations
For single link simulation, we can define blocker trajectory, size and distance based on experiences either in Cartesian coordinate or polar coordinate systems. And the blocker size/distance is deterministic in the simulations.
For full system level simulation, we can fix the blocker distance and randomly generate the azimuth centre of the blocker using two uniformly distributed random variables  and the centre of the blocker . The random variables  can be generated with spatial/temporal consistency according to the Appendix with correlation distance  and correlation time  to model the blocker movement around the receiver in the azimuth dimension. For example,  and . For random variable , it can be generated per drop with spatial consistency. Thus the blocker does not move in the zenith dimension but two near by receivers still observe correlated blockege effect. Table 1 gives some configuration examples for the blocker. The moving speed in system level is the mean moving speed of the blocker. The instantaneous moving speed around a paticular receiver is statistically distributed.
For multiple blockers, each blocker can be configured with one blocker specific parameter sets.
[bookmark: _Ref445186911]Table 1: Typical configuration of blocker
	
	Typical set of screens
	Screen dimensions

	Indoor; Outdoor
	Human
	Cartesian: w=0.3m; h=1.7m; r = 2m; v=3km/h
Polar: A=0.15rad; Z = 0.85rad; r = 2m; vp=0.42rad/s; tcorr=3.77s; dcorr=50m (outdoor); dcorr=5m (indoor)

	Outdoor
	Vehicle
	Cartesian: w=4.8m; h=1.4m; r = 10m; v = 30km/h
Polar: A=0.48rad; Z = 0.14rad; r = 10m; vp=0.83rad/s; tcorr=1.88s; dcorr=50m



To summarize, we have below proposals:
Proposal 5: For link level simulation, the centre of the blocker can be defined using a trajectory either in Cartesian coordinate or polar coordinate.
Proposal 6: For system level simulation, the centre of the blocker can be defined assuming fixed distance and random AoA/ZoA center which are derived from spatial/temporal consistent random numbers.
3 Summary
In this contribution, we provided one channel blockage model based on stochastic channel model. The proposed modelling method can be treated as a purely add-on to the existing 3GPP 3D channel model. And it can be used either for single link study or full system level studies. The proposed blockage model can be summarized as:
Proposal 1: Channel blockage is directional and applied to channel cluster.
Proposal 2: One blocker is modelled as one surface which is close to the receiver.
Proposal 3: The additional shadowing of one blocker is modelled using edge knife model described in equation (1) (2-1) (2-2) and (3).
Proposal 4: The additional shadowing of multiple blockers are summed up.
Proposal 5: For link level simulation, the centre of the blocker can be defined using a trajectory either in Cartesian coordinate or polar coordinate.
Proposal 6: For system level simulation, the centre of the blocker can be defined assuming fixed distance and random AoA/ZoA center which are derived from spatial/temporal consistent random numbers.
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[bookmark: _Ref445206541]Appendix: Spatially/temporal consistent random number
Figure 2 gives one example of generating one spatially/temporal consistent random number. 
[image: ]
[bookmark: _Ref442256520]Figure 2. Example of generating one spatially/temporal consistent random variable.
In this example, one correlation grid has been extended from 2D to 3D to incorporate the temporal dimension. One additional parameter de-correlation time, tcorr, has been introduced. One 2D correlation grid is generated every tcorr to enable time domain interpolation.
Assuming Yx,y,t,  are i.i.d. complex normal random numbers generated on eight vertexes of one 3D grid, the complex normal number Y(x,y,t) at position (x, y, t) can be interpolated as:


And one uniform random number can be generated using the phase of the interpolated complex normal random number as:

where  operation ensures there is no abrupt change of the interpolated random number  between 0 and 1 along the trajectory/time.
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