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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 Globalcom 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]. This contribution presents one method to model the channel blockage in the drop based channel model.
2 Discussion
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 [4], we have proposed one method to add spatial consistency in the drop based 3GPP channel model. Along the same thinking, we can model geometry induced blockage as a function of a spatially consistent random variable. And for dynamic blockage, we can extend the spatially consistent random variable to be spatial/temporal consistent. And use the same blockage function to derive the blockage.
2.1 Spatially/temporal consistent random number
In [4], we have given one method to generate one spatially consistent uniform random number. This approach can be extended to multi-dimensional to include the temporal dimension. Figure 1 gives one example of generating one spatially/temporal consistent random number. 
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[bookmark: _Ref442256520]Figure 1. 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 a trajectory.
2.2 Channel blockage modelling
Based on the measurements and observations in [2], channel blockage can be modelled as blockers in the channel arriving angles.
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[bookmark: _Ref442107962]Figure 2. Example of blockage modelling with two blockers.
One blocker can be modelled using below parameters:
a) Centre of blocker (AoA and ZoA)
b) Height of blocker (ZoA span)
c) Width of blocker (AoA span)
The centre of the blocker can be generated using a spatial/temporal consistent uniformly distributed random variable. We can limit the ZoA of the centre to be within a reasonable range. 
After the channel blockers have been defined, we can add additional shadowing to the blocked channel paths. The proposed blockage modelling can be described as:
Proposal 1: One channel blockage object is modelled as one blocker which has a ZoA and AoA span and the centre of the blocker is determined by its ZoA and AoA.
Proposal 2: The centre of the blocker are determined based on one spatial/temporal consistent uniformly distributed random variable.
Proposal 3: Additional shadowing is added on the channel paths whose AoA falls in the blocker’s blocking range.
Proposal 4: More than one blocker, e.g. 2, can be generated. 
2.3 Modelling output
In this section we tested the model output with fixed UE location. One NLOS channel is chosen to test the blockage effect. The deep blockage is expected to be less severe in NLOS channel as channel energy is distributed among channel clusters more evenly than LOS channel. We choose the temporal de-correlation time to be 30 seconds and 2 blockers are added with 20 degree AoA span. We did not consider ZoA in this simulation. If one channel path is blocked by either of the blocker, 1/10 channel energy of the channel cluster is lost. Figure 3 depicts the channel power post blockage. The blockage caused channel power lost seems matching some of the reported measurements about blockage.
[image: ]
[bookmark: _Ref442283795]Figure 3. Blockage effect with two blockers.

3 Summary
In this contribution, we provided one model of channel blockage on the existing drop based model. The proposed modelling method can be treated as a purely add-on to the existing 3GPP 3D channel model. To recap, we have the below proposals:
Proposal 1: One channel blockage object is modelled as one blocker which has a ZoA and AoA span and the centre of the blocker is determined by its ZoA and AoA.
Proposal 2: The centre of the blocker are determined based on one spatial/temporal consistent uniformly distributed random variable.
Proposal 3: Additional shadowing is added on the channel paths whose AoA falls in the blocker’s blocking range.
Proposal 4: More than one blocker, e.g. 2, can be generated. 
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