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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The high-frequency communications due to the poor diffraction are more vulnerable to the object blockage, e.g., blockage caused by human or vehicle. So the blockage in high frequency channel modelling has drawn much attention from numerous companies and organizations. It is agreed in RAN1 #84 as one of the key requirements for high frequency channel modelling [1].
The influence of the blockage phenomenon caused by human bodies, vehicles and etc can be studied in large scale level or small scale level[2][3][4]. Because the future communications in high frequency, especially the beam-related ones, are sensitive to small scale parameters such as angles of transmission, this contribution proposes a novel statistical method on small-scale fading level for the human blockage modelling.
Modeling framework for blockage


[bookmark: OLE_LINK5]Because the effects of human blockage can be sensitive to the conditions such as scenario, carrier frequency, human density  (or number of person in specified scenario), distance between the human and Tx/Rx[2][6][7], it is preferred to study the blockage impacts through extensive simulations in various conditions. The typical approaches, e.g. UTD[9][10][11], DKE[8], MKE[3] and shadowing objects model [5][12], can be adopted to emulate the effects of human blockage with reasonable accuracy. Then, the statistical model characterizing the main features of human blockage can be established in a format as in Table 1, covering the following parameters:
· 

[0 1] denotes the blockage probability for a UE.
· 

[0 1] denotes the percentage of blocked path for the effected UE.
· 



,,and  denote the spans of the impact coverage in the spatial domain for a UE, including spans on both azimuth and elevation directions and on both arrival and departure sides. The central direction of the impact coverage can be randomly assigned based on the corresponding parameters of any received path for the UE. 
· 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16] denotes to the power attenuation (or loss) for each path (or cluster) falling into the impact coverage of human blockage.
[bookmark: _Ref444696387]Table 1 Table format in the statistical model for human blockage
	Configuration
	

	

	Spatial Coverage
	


	Scenario
	Human density


 []
	
Frequency  [GHz]
	
	
	

	

	

	

	

	Case 1
	Type 1
	Band A
	
	
	
	
	
	
	

	
	
	Band B
	
	
	
	
	
	
	

	
	Type 2
	Band A
	
	
	
	
	
	
	

	
	
	Band B
	
	
	
	
	
	
	



Proposal 1: The human blockage should be modelled on the small-scale level (path or cluster level.).
Proposal 2: The human blockage could be statistically modelled by introducing the statistic properties for the blockage probabilities of UE , percentage of the blocked paths/clusters, the spans of the blocked angle coverage and the power attenuation.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Study of human blockage based on simulations
To investigate the behaviour of the aforementioned statistical parameters in human blockage modelling, the Monte Carlo simulations with 300 runs are conducted in the indoor conference scenario, for which the digital map is shown in Figure 1. The shadowing objects model [5][12] is adopted to emulate the human. The details of the simulation configuration are listed in Table 2 and Table 3. 
[image: Layout_conference]
[bookmark: _Ref444782141]Figure 1 Digital map of conference scenario used in human blockage study
[bookmark: _Ref444782003]Table 2 Configuration of simulation scenario
	Scenarios
	Tx Locations [m]
	Rx Area
	Frequency [GHz]
	Number of Person

	Conference
	Ant 1
	(10.32,1.49,1.95)
	UE height = 1.5 m;
UE horizontal separation is 1m
	[15 38 45 60 72]
	[1 10 20 30 40 50]


[bookmark: _Ref444781976][bookmark: _Ref444781971]Table 3 Configuration of the human body
	Parameters for Person
	Distribution

	Height [m]
	Uniform distribution [1.5 1.8]

	Width [m]
	Uniform distribution [0.4 0.6]




Figure 2 demonstrates the distribution of the percentage of blocked UE. It can be found that the increasing of the number of persons (blocking objects) within in the simulation area have significant impacts to the distribution of ; on the other hand, the differences among the frequencies have almost no impact to blockage probability. Same observations are found in Figure 3 for the percentage of blocked path for one UE and in Figure 4 for the span of blockage coverage in AoA angle domain. According to these results, it’s reasonable to model these parameters independently from frequency but dependently on human density. On the other hand, Figure 5 shows that both the frequency and blocking human density contribute to the blockage power attenuation ().  
Proposal 3: The modelling of blockage probability, blocked path percentage and spans of blockage coverage in angular domains is dependent on human density but independent from frequency. In contrast, the modelling of blockage power attenuation per path is dependent on both the human density and frequency. 

In order to identify the statistics distributions (described as “Fitted” in figures) that can be used to approximate the empirical results (described as “Empirical” in figures), the Kolmogorov–Smirnov test is performed.  Based on this test, the truncated normal distribution has been selected for  and Gamma distribution is selected for other parameters. The statistics in the format of Table 1 are obtained for conference scenario and are put into Table 4 of Annex. 
[image: E:\高频项目\内部讨论\文档\标准\TD_for_Slovenia\Human_blockage_materials\BPUE.bmp]
[bookmark: _Ref444786604]Figure 2 Distribution of blockage probability
[image: E:\高频项目\内部讨论\文档\标准\TD_for_Slovenia\Human_blockage_materials\Blocked_path.bmp]
[bookmark: _Ref444783376]Figure 3 Distribution of the percentage of blocked path for one UE
[image: E:\高频项目\内部讨论\文档\标准\TD_for_Slovenia\Human_blockage_materials\AoA.bmp]
[bookmark: _Ref444785400]Figure 4 Distribution of the AoA span (or std) 
[image: E:\高频项目\内部讨论\文档\标准\TD_for_Slovenia\Human_blockage_materials\Blockage_loss.bmp]
[bookmark: _Ref444784515]Figure 5 Distribution of the blockage power attenuation     
[bookmark: _Ref445122928]Implementation of the human blockage model
The human blockage model procedure is illustrated in Figure 6. The 5 steps in the procedure are elaborated below for the l-th UE: 


[bookmark: _Ref444697311]Figure 6 Diagram of human blockage model
Procedure inputs:
· 
is the total number of received paths for the l-th UE;
· 




The angular directions (, ,,) and power ([dB]) of the n-th path (1≤n≤Nl) for the l-th UE.
Procedure steps:
1) 

Load the set of modelling parameters (ones similar to what Table 4 provides) according to the configurations including scenario, blocking object density  and frequency.
2) Determine the blockage status for the UEs.
a) 


Generate the blockage probability  () according to the truncated normal distribution  that is specified in Table 4.
b) 
Draw a uniformly distributed random variable x from range of [0,1]. If , the UE is decided as blocked and the procedure continues to step 3), otherwise the UE is not blocked and procedure stops. 
3) Identify blocked paths for the UE according to the following procedures:
a) 

Randomly generate the percentage of blocked paths for the UE () according to the distribution of  specified in Table 4.
b) 

[bookmark: OLE_LINK4][bookmark: OLE_LINK7]Calculate the number of blocked path () for the UE as .	
c) 







Randomly generate the spans of the blockage coverage in spatial angular domain (,, and ) according to the distributions of ,,and  that are specified in Table 4.
d) 
Initialize all Nl paths as non-blocked. Set mBL=0 and m=1. Repeat following steps until mBL=. 




d-1) Randomly generate the m-th set of blockage coverage central directions (,,), where the distributions of these central directions are TBD, e.g., depending on whether these central directions are time varying. 
d-2) For each non-blocked path n, perform following if either Conditoin1 or Condition2 is met: mark n-th path as blocked  and increment mBL by 1, where 


d-3) Increment m by 1. 
4) 




For each blocked path n, generate the power attenuation ( [dB]) according to the distribution of  specified in Table 4, and update power of the n-th path () by -. 
The provided human blockage modelling can be integrated into the framework of both map-based hybrid model and 3GPP 3D based stochastic model. As mentioned in [15], this blockage modelling can be implemented in stochastic part of the hybrid model. For the 3GPP 3D model[14], it can be applied right before Step 8. In either case, each cluster is considered as one path by the blockage modelling. The same power attenuation for each sub-path within the same cluster is assumed. 
Proposal 4: The blockage effects among different clusters may not be independent; the blockage power attenuations for different sub-paths in the same cluster are the same.  
Proposal 5: In the hybrid modelling, the proposed human blockage modelling is integrated in the stochastic part.
Proposal 6: In the stochastic modelling extended from 3GPP 3D channel model, the proposed human blockage modelling is integrated right before Step 8 in the 3GPP 3D channel model.
Conclusion
This contribution provides our proposals and observations as following for the modelling of human blockage:  
Proposal 1: The human blockage should be modelled on the small-scale level (path or cluster level.).
Proposal 2: The human blockage could be statistically modelled by introducing the statistic properties for blockage probabilities for UE , percentage of the blocked paths/clusters, the spans of the blocked angle coverage and the power attenuation.
Proposal 3: The modelling of blockage probability, blocked path percentage and spans of blockage coverage in angular domains is dependent on human density but independent from frequency. In contrast, the modelling of blockage power attenuation per path is dependent on both the human density and frequency. 
Proposal 4: The blockage effects among different clusters may not be independent; the blockage power attenuations for different sub-paths in the same cluster are the same.  
Proposal 5: In the hybrid modelling, the proposed human blockage modelling is integrated in the stochastic part.
Proposal 6: In the stochastic modelling extended from 3GPP 3D channel model, the proposed human blockage modelling is integrated right before Step 8 in the 3GPP 3D channel model.
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Annex
[bookmark: _Ref444783076]Table 4 Statistical model for human blockage for conference scenario
	Configuration
	

	

	Spatial Coverage
	


	Scenario
	

 []
	
 [GHz]
	
	
	

	

	

	

	

	Conference
	1
	15
	N(0.21,0.18)
	Γ(0.05,1.96)
	Γ(3.18,1.00)
	Γ(3.25, 1.00)
	Γ(1.87, 1.00)
	Γ(1.95,1.00)
	Γ(4.57,1.30)

	
	
	38
	
	
	
	
	
	
	Γ(5.94,1.20)

	
	
	45
	
	
	
	
	
	
	Γ(7.11,1.10)

	
	
	60
	
	
	
	
	
	
	Γ(7.87,1.10)

	
	
	72
	
	
	
	
	
	
	Γ(7.78,1.10)

	
	10
	15
	N(0.99,0.11)
	Γ(0.13,1.70)
	Γ(3.22,1.10)
	Γ(3.82,1.08)
	Γ(2.17,1.10)
	Γ(2.20,1.10)
	Γ(4.92,1.40)

	
	
	38
	
	
	
	
	
	
	Γ(8.42,1.20)

	
	
	45
	
	
	
	
	
	
	Γ(8.42,1.20)

	
	
	60
	
	
	
	
	
	
	Γ(9.00,1.20)

	
	
	72
	
	
	
	
	
	
	Γ(8.76,1.20)

	
	20
	15
	N(1.11,0.07)
	Γ(0.18,2.02)
	Γ(4.50,1.10)
	Γ(4.68,1.10)
	Γ(2.82,1.14)
	Γ(2.98,1.10)
	Γ(5.58,1.50)

	
	
	38
	
	
	
	
	
	
	Γ(9.30,1.30)

	
	
	45
	
	
	
	
	
	
	Γ(8.86,1.30)

	
	
	60
	
	
	
	
	
	
	Γ(10.47,1.30)

	
	
	72
	
	
	
	
	
	
	Γ(11.49,1.20)

	
	30
	15
	N(1,22,0.07)
	Γ(0.23,2.06)
	Γ(4.32,1.26)
	Γ(4.64,1.22)
	Γ(2.45,1.42)
	Γ(2.48,1.42)
	Γ(7.19,1.50)

	
	
	38
	
	
	
	
	
	
	Γ(9.65,1.40)

	
	
	45
	
	
	
	
	
	
	Γ(11.25,1.30)

	
	
	60
	
	
	
	
	
	
	Γ(12.05,1.30)

	
	
	72
	
	
	
	
	
	
	Γ(12.26,1.30)

	
	40
	15
	N(1.10,0.04)
	Γ(0.27,2.10)
	Γ(3.87,1.46)
	Γ(4.24,1.40)
	Γ(2.35,1.5)
	Γ(2.33,1.54)
	Γ(7.60,1.60)

	
	
	38
	
	
	
	
	
	
	Γ(11.31,1.40)

	
	
	45
	
	
	
	
	
	
	Γ(11.77,1.40)

	
	
	60
	
	
	
	
	
	
	Γ(12.63,1.40)

	
	
	72
	
	
	
	
	
	
	Γ(13.56,1.40)

	
	50
	15
	N(1.09,004)
	Γ(0.30,2.14)
	Γ(3.99,1.42)
	Γ(4.27,1.38)
	Γ(2.25,1.60)
	Γ(2.30,1.58)
	Γ(8.15,1.70)

	
	
	38
	
	
	
	
	
	
	Γ(11.92,1.50)

	
	
	45
	
	
	
	
	
	
	Γ(11.59,1.60)

	
	
	60
	
	
	
	
	
	
	Γ(13.36,1.50)

	
	
	72
	
	
	
	
	
	
	Γ(14.11,1.50)
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