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Text Proposal
7.6.4
Blockage
Blockage modelling is an add-on feature to the channel model. The method described in the following applies only when this feature is turned on. In addition, the temporal variability of the blockage modelling parameters is on-demand basis. It is also noted that the modeling of the blockage does not change LOS/NLOS state of each link.

When blockage model is applied, the channel generation in section 7.5 should have several additional steps between step 9 and 10 as illustrated in figure 7.6.4-1. 
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Figure.7.6.4-1 Channel generation procedure with blockage model

Two alternative models (Model A and Model B) are provided for the blockage modelling. Both approaches have their own use cases. Model A is applicable when a generic and computationally efficient blockage modelling is desired. Model B is applicable when a specific and more realistic blocking modelling is desired. 
7.6.4.1
Blockage model A
Model A adopts a stochastic method for capturing human and vehicular blocking. 

Step a: Determine the number of blockers

K number of 2-dimensional (2D) angular blocking regions, in terms of azimuth and elevation angles, 
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(7.6.4-1)
Optionally, one of the K angular blocking regions (
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k

) represents self-blocking (i.e. human/hand holding the UT); this blocking region is not spatially consistent and UT specifically generated. 
The total number of non-self-blocking angular regions is 4, i.e. 
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Step b: Generate the size and location of each blocker

The k-th blocking region is made of 
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degrees in azimuth and
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degrees in elevation. The centre angle pair in azimuth and elevation of the k-th blocking region is 
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. Let 
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 be the distance between the UT and the blocker. The parameters for the different blockers are described in Tables 7.6.4.1-1 and 7.6.4.1-2.  

Table 7.6.4.1-1: Parameter descriptions for k = 1. 
	Blocker index (k = 1)
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	Portrait mode
	260o
	120o
	100o
	80o

	Landscape mode
	40o
	160o
	110o
	75o


Table 7.6.4.1-2: Parameter descriptions for k = 2, …, 5.

	Blocker index (k = 2, …, 5)
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	InH scenario
	Uniform in

[0o, 360o]
	Uniform in

[15o, 45o]
	90o
	Uniform in

[5o, 15o]
	2 m

	UMi, UMa, RMa scenarios
	Uniform in

[0o, 360o]
	Uniform in

[5o, 15o]
	90o
	5o
	10 m


Step c: Determine the attenuation of each cluster due to blockers

The attenuation of each cluster due to self-blocking corresponding to the centre angle pair 
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 Otherwise, the attenuation is 0 dB.
The attenuation of each cluster due to the other blockers is given as 
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(7.6.4-2)
provided that 
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. Otherwise, the attenuation is 0 dB. The terms in the above equation are given as 
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(7.6.4-3)
where 
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In the above formula for 
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 is the wavelength. The appropriate signs (
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) within the 

 term are according to Table 7.6.4.1-3.  
Table 7.6.4.1-3: Description of signs
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The signs in Table 7.6.4.1-3 should lead to the attenuation behavior depicted in the following figure.
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Figure 7.6.4-2: Exemplary illustration of the attenuation behavior for a defined blocker location and center frequency
Step d: Spatial and temporal consistency of each blocker

The centre of the blocker is generated based on a uniformly distributed random variable, which is temporally and spatially consistent. The two-dimensional autocorrelation function 

 can be described with sufficient accuracy by the exponential function 
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(7.6.4-8)
The spatial correlation distance 

 is illustrated in Table 7.6.4.1-4 for different scenarios.

Table 7.6.4.1-4: Spatial correlation distance for different scenarios.
	
	UMi
	UMa
	RMa
	InH

	
	LOS
	NLOS
	O-I
	LOS
	NLOS
	O-I
	LOS
	NLOS
	O-I
	LOS
	NLOS

	Spatial correlation distance 
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d

 in [m] for cluster specific random variables
	10
	10
	5
	10
	10
	5
	10
	10
	5
	5
	5


The correlation time 
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, where 

 is the speed of moving blocker.

Note: 

 may be changed as a simulation assumption in certain scenarios (e.g., higher blocker density). 
Note: The rectangular blocker description is chosen for k = 1 with the specific choices of 

 assumed here. Generalization of this description to other choices of 

 should be done with care as the rectangular description may not be accurate. 

7.6.4.2
Blockage model B
Model B adopts a geometric method for capturing e.g., human and vehicular blocking. 

Step a: Determine blockers
A number, 
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, of blockers are modelled as rectangular screens that are physically placed on the map. Each screen has the dimension by height (
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Note: 
-
The number of blockers (
[image: image146.wmf]K

), their horizontal and vertical extensions (
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 and 
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), locations 
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, density, and movement pattern (if non-stationary) are all simulation assumptions, to allow different blocking scenarios to be constructed depending on the need of the particular simulation study.

Recommended parameters for typical blockers are provided in Table 7.6.4.2-5. 
-
The blocking effect diminishes with increasing distance to the blocker. For implementation purposes it may be sufficient to consider only the 
[image: image150.wmf]K

 nearest blockers or the blockers closer than some distance from a specific UE.
Table 7.6.4.2-5: Recommended blocker parameters
	
	Typical set of blockers
	Blocker dimensions
	Mobility pattern

	Indoor; Outdoor
	Human
	Cartesian: w=0.3m; h=1.7m
	Stationary or up to 3 km/h

	Outdoor
	Vehicle
	Cartesian: w=4.8m; h=1.4m
	Stationary or up to 100 km/h


Step b: Determine the blockage attenuation for each cluster
Attenuation caused by each blocker to each of clusters is modelled using a simple knife edge diffraction model and is given by 
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(7.6.4-9)
where 

, 

 and 

, 

 account for knife edge diffraction at the four edges, and are given by
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(7.6.4-10)
where [image: image168.png]


 is the wave length, As shown in Figure 7.6.4-2, 

 are the projected distances between the receiver and four edges of the corresponding blocker, and 

are the projected distances between the transmitter and four edges of the corresponding blocker.  For each cluster, the blocker screen is rotated around its centre such that the arrival direction of the corresponding path is always perpendicular to the screen. It should be noted that different rotations are required for each individual sub-path. As the screen is perpendicular to each sub-path, 
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 is the distance between the transmitter and receiver for direct path in LOS, and is the distance between the blocker screen and receiver for all the other paths. In the equation of 
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, the plus and minus signs are determined in such a way that, as shown in Figure 7.6.4.2-2, 
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if the inner angle between 
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 for k-th blocker) is acute, plus sign is applied to 
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if the inner angle between 
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For the case of multiple screens the total loss is given by summing the losses of each contributing screen in dB units.
The model according to option B is consistent in time, frequency and space, and is more appropriate to be used for simulations with arbitrarily designated blocker density. 
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Figure 7.6.4.2-2(a): Illustration of the geometric relation among blocker, receiver and transmitter for LOS path
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Figure 7.6.4.2-2(b): Illustration of the geometric relation between blocker and receiver for non-LOS path
�Only valid for k=1, therefore changed k index to 1
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