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1. Introduction
A number of issues on blockage modelling for above 6 GHz channel model are under discussion in the WF [1] and the TP [2]. These include:
· Proposal 3: The angles and sizes of the angular blocking region (non self blocking) are generated on a per UE basis according to a statistical process
· The center of the blocking region is uniformly chosen in the azimuth angle. Fixed in elevation, elevation = 90*;
· A3: Size of the blocking region is x deg in azimuth and y deg in elevation, where x and y are constants, provided in following table
· B3: Size of blocking region is generated by simulating an imaginary screen placed at a random distance from UE
· Proposal 4: On number of angularly blocked regions (excluding self-blocking) 
· The total number of angularly blocked regions K = 5. (1 self blocking and K -1 other blocking)
· FFS: The dependence on the number of angular blocked regions as a function of user density
· Proposal 5:
· A5: The clusters within the angular blocking regions are attenuated assuming a statistical model; Shadowing is chosen from a statistical distribution F(.) - lognormal shadowing
· B5:Attenuation is based on knife edge model
· Proposal 6: The blocking model is made spatially consistent.
· A6: The blocking parameters are generated using the same methods utilized for spatial consistency in the TR
· B6: The blockage screens are physically placed on the map (map based) to generate spatially consistent blocking
· Proposal 7: The blocking model is made temporally consistent
· A7: To model the mobility of the blockage, one can consider the following approach
· B7: To model the mobility, the blockers are moved in the coordinate system (map based)
This contribution aims to address the abovementioned remaining details based on the proposal A8 in [3].
2. Remaining details of blockage modelling
a. Angles and sizes of blocking regions, and spatial consistencies
In the current TP [2], a number of methods are proposed to address the center and size of blocking regions:

· The angular blocking region is
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· Azimuth angle of the center is generated according to the uniform distribution 
· Elevation angle of the center is constant, whose value is FFS.
· Size of the blocking region is 
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 degrees in azimuth and 
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 degrees in elevation, where 
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 are constants.

· A screen of fixed size is simulated at a randomly chosen distance r and the angular blocking corresponding to this screen is chosen as the size of the angular blocking region.
In addition, the blockage model is required to be spatially consistent.

It should be noticed that the angles, sizes, and spatial consistencies of blockage can be solved together, if it is assumed that humans/vehicles are on the same plane. First, we propose that the distance r between the blocking screen and the receiver is randomly generated according to a uniform distribution, as shown in Figure 1.  Also, the sizes of human and vehicle screens are assumed fixed, as listed in Table 1.
[image: image6.png]



 Figure 1. Location of the blocking screen

	             Table 1. Dimensions of different screens in proposal A8
	

	
	Typical set of screens
	Screen dimensions

	Indoor; Outdoor
	Human
	Cartesian: w=0.3m; h=1.7m; 

	Outdoor
	Vehicle
	Cartesian: w=4.8m; h=1.4m; 


Second, in order to include the spatial consistency feature, the azimuth angles 
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 of the blocking screens can be randomly generated in a spatially correlated manner. Since azimuth angles 
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 are uniformly distributed, they can be generated under the same framework in the working assumption of spatial consistency. An example of generating spatially consistent uniform random number was presented in [4]. In this case, the azimuth angles of blocking screens and AoAs of UEs are spatially consistent. As a result, the blockage of different UEs will be spatially consistent.
In addition, the elevation angle of the center of the blocking region can be determined according to geometry. Let the distance between the kth blocking screen and the receiver be rk, and 
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be the elevation angle of the center. Approximations to the angular regions are depicted in Figure 2 and computed in (2)-(6).
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	Figure 2a. Vertical view of the blocking screen.
	Figure 2b. Horizontal view of the blocking screen.
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The elevation angle of the blocking screen center is approximated by
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In addition, assuming that the height of the UE hUE is 1.7m, the angular blocking region in the elevation domain can be expressed as
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In order to follow the angular blocking region equation in the TP, we need to approximate 
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Proposal 1: Proposal B3 is preferred.

Proposal 2: Azimuth angles of blocking screens should be generated with spatial consistency, i.e. interpolation using correlated random variables. Elevation angles of blocking screens should be computed according to geometry.
Proposal 3: Sizes of angular blocking regions should be determined by Eq. (2)-(6).

b. Number of angular blocking regions
Regarding the total number of blocking regions, we propose a Poisson-based model as
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where λH is the arrival rate of human screens and λV is the arrival rate of vehicle screens. The values for λH and λV can be determined by measurements. The extra one blocking region is the self-blocking, which can be assumed as constant [30] dB. The arrival rates of human and vehicle screens can be scenario-dependent and are listed in Table 2. These parameters can be determined via measurements. With the Poisson-based model, the number of angular blocking regions is a function of user density.
Table 2. Scenario-dependent parameters
	
	Distribution of r
	Arrival rate λH
	Arrival rate λV

	UMi
	U(0, rmax), [rmax =5m]
	[λH=2]
	[λV=1]

	UMa
	U(0, rmax), [rmax =5m]
	[λH=2]
	[λV=1]

	InH
	U(0, rmax), [rmax =5m]
	[λH=2]
	0


Proposal 4: The number of blockage regions is modelled by a Poisson distributed random variable as Eq. (7).

c. Attenuation of blockage

Between these two attenuation computation methods, i.e., A5 lognormal shadowing and B5 knife edge based attenuation, it is preferred to use the modified version of the knife edge based attenuation. First, the knife edge based attenuation is easy to implement. Its accuracy has been demonstrated via measurements in [5] and [6]. Second, the distribution of the random distance r can be easily obtained in realistic scenarios. Also, the frequency-dependent blockage attenuation has been embedded in the knife edge based attenuation. On the other hand, the statistical distribution function of shadowing used in A5 is difficult to acquire and validate. Frequency dependency in A5 requires more parameters to model. 

Proposal 5: Proposal B5, i.e., knife edge based model should be used to compute attenuation of blockage.

d. Time consistency of blockage

When a cluster is blocked, it is possible that this blocked cluster escapes from the blockage area due to the change of the scattering environment. This means that certain blockage period should be considered in the blockage model. The blocking period should be determined according to the change of positions of users and blockers. However, this involves the tracking of all objects within the simulation environment and introduces huge complexity. A feasible way to characterize the blocking period is to use the average blocking period instead. Assume that the velocity of the screen is 
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and the velocity of the receiver (RX) is
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. For simplicity, it is further assumed that both the blocking screen and the RX are moving on the same plane, the moving direction of the blocking screen is perpendicular to the line of sight between blocking screen and the RX as shown in Figure 1. The moving direction of the RX is 
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which is a uniformly distributed random variable within [-π, π]. Then the average blocking period TB can be computed as
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It can be observed that (8) works only when 
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. Therefore, to obtain a more general expression for the average blocking period, we propose
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The second line of Eq. (9) is to avoid infinity when blocking screens with the same velocity as the receiver are used. Assume that a cluster of a human user with 3km/h speed is blocked, using the typical configuration of blocker in [6], the average blocking period of a human screen with 3km/h speed is 0.36 second and the average blocking period of a vehicle screen with 30km/h speed is 0.58 second. 
For simplicity, we propose constant attenuation during the blockage period. In addition, to guarantee smooth transitions between blocked and non-blocked states, a transition period should be introduced. In proposal A7 in [1], a transition period based on angular distance was proposed. In this contribution, an even simpler linear transition with width 0.01 s is introduced in both sides of the block period. The resulting blockage of one screen in time is illustrated in Figure 3.
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Figure 3. Attenuation of one screen
Combining the Poisson based model of blocking regions and the time consistency feature, the diagram of a Poisson based blockage model is illustrated in Figure 4.
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Figure 4. Diagram of a Poisson based blockage model.
Proposal 6: Proposal A7 is preferred.

Proposal 7: The blockage attenuation is constant during the blockage period. Linear transition periods of 0.01s are introduced at both sides of the blockage period. The average blocking period should be used in the simulation. The average blocking period is determined by Eq. (9)
3. Conclusions

This contribution has discussed remaining issues on the blockage modeling for channel models above 6 GHz. To summarize, we have the following proposals and observation:
Proposal  1: Proposal B3 is preferred.

Proposal 2: Azimuth angles of blocking screens should be generated with spatial consistency, i.e. interpolation using correlated random variables. Elevation angles of blocking screens should be computed according to geometry.

Proposal  3: Sizes of angular blocking regions should be determined by Eq. (2)-(6).

Proposal 4: The number of blockage regions is modelled by a Poisson distributed random variable as Eq. (7).

Proposal 5: Proposal B5, i.e., knife edge based model should be used to compute attenuation of blockage.

Proposal  6: Proposal A7 is preferred.

Proposal 7: The blockage attenuation is constant during the blockage period. Linear transition periods of 0.01s are introduced at both sides of the blockage period. The average blocking period should be used in the simulation. The average blocking period is determined by Eq. (9)
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