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In the RAN Plenary #69, it was agreed that 3GPP should study the performance and feasibility of using high frequency spectrum above 6 GHz for further evolution of wireless standardization efforts. In the February 2016 RAN WG1 meeting, it was decided that the requirements, scenarios, methodologies and additional features needed for above 6 GHz channel modeling be investigated [2]. 

As a part of this study, this contribution focusses on dynamic blockage modeling. In [3], a working assumption was made that there will be focus on blockage caused by static and moving objects such as human bodies and vehicles. In [4], it was agreed as a way forward that the complexity in terms of description, generating channel coefficients, development complexity and simulation time should be considered. In the light of these two agreements, this contribution details a stochastic blockage modeling methodology and results from this modeling approach. 
Proposals 
Based on the studies as explained in the Appendix, we propose the following parameters for modeling dynamic blockage based on simple approximations of the true values from the above set of tables: 
	
	xk
	φk
	yk
	θk
	Loss (in dB)

	k = 1 (Portrait)
	120o
	260o
	80o
	100o
	15

	k = 1 (Landscape)
	160o
	40o
	75o
	110o
	15

	k = 2, …, 5
	2.5o
	Unif([0, 2π])
	15o
	π/2
	N(16.42 dB, σ2 = 0.8869)    



We further propose the following: 
1) Dynamic blockage has been modeled according to a stochastic model and a representative set of values have been extracted to fit into the text proposal for >6 GHz channel modeling for indoor settings. 
2) This study can be easily extended to more general settings such as UMa, UMi, etc. and should be used as the baseline proposal for further fine-tuning of parameters. 
We propose to include the following in the TR: 


======================== START OF TEXT PROPOSAL ===========================
7.6.4 Blockage 
Blockage modeling 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 also on an on-demand basis. It is also noted that the modeling of the blockage does not change LOS/NLOS state of each link.

A total of K two-dimensional (2D) angular blocking regions, in terms of azimuth and elevation angles, , are generated around the UE: 

.
The first of the K angular blocking regions represents self-blocking (i.e. human/hand holding the UE); this blocking region is not spatially consistent and generated in a UE specific manner. 
The parameters to be used for this blocking region are with respect to the UE’s orientation (i.e. UE’s local coordinate system) and are given below according to whether the UE is in the portrait mode or landscape mode.
The number of angular blocking regions K is defined to be 5. 
The other four angular blockage regions are generated in azimuth and zenith with parameters as below. 
	
	xk
	φk
	yk
	θk
	Loss (in dB)

	k = 1 (Portrait)
	120o
	260o
	80o
	100o
	15

	k = 1 (Landscape)
	160o
	40o
	75o
	110o
	15

	k = 2, …, 5
	2.5o
	Unif([0, 2π])
	15o
	π/2
	N(16.42 dB, σ2 = 0.8869)



These parameters are applicable for InH (indoor office) settings. Parameter specifications for UMi and UMa settings are FFS. 
The parameters to determine the blocking regions are made consistent in space and time, e.g., according to the spatial consistency procedure in Section 7.6.3. 


======================== END OF TEXT PROPOSAL ===========================


Appendix: Simulation experiments to justify text proposal 
Modeling dynamic blockage  
This contribution builds on the way forward agreed on dynamic blockage in [5]. 

According to this proposal, angular blocking regions in the azimuth and zenith around the UE are used to capture the effect of  blockers. Of these blockers, the first blocker is assumed to model near-field impairments due to a human hand holding the UE or human body parts around the UE that block the signal. This blocking region is not spatially consistent and is specifically generated for the UE. The remaining  blockers correspond to angular blockages due to humans (in indoor settings) or humans and vehicles (in outdoor settings). Thus, a blockage modeling description requires the specification of as well as  corresponding to the angles in azimuth and zenith around which the blockage is centered for  In addition, the model requires the specification of  of angular spreads around  in the azimuth and zenith, respectively. Another specification needed is for a shadowing/diffraction loss due to the blockage that needs to be added to the signal. 

Human/hand blocking is studied via electromagnetic measurements and simulations that study hand blockage between the transmitter and receiver at near-field distances [6]. This study provides a characterization of  as well as the resulting loss to be modeled for the first blocker. For the choice of  to model the remaining  blockers, we now describe a formal simulation methodology that captures the above proposals and results in a parameter specification for blockage modeling. 

[image: ]

Figure 1: Setup capturing blockage modeling methodology 

In this methodology, human/vehicular blockers are strewn randomly in a circular patch corresponding to the azimuthal plane around the UE, as can be seen in Figure 1. Their radial locations are chosen to satisfy  (that is, no human/vehicular blockers are assumed to be closer to the UE than ). Different probability density functions can be considered for . A uniform density function provides the simplest model for the radial location of the blockers:  


A more realistic model, that captures the fact that blocker density grows with  since there is more area covered by the circular region with radius closer to  than closer to is as follows: 



This triangular density model captures a density that grows linearly with . In our indoor studies, three choices of  and are studied:  and  capturing different relevant indoor settings. Relative to a global coordinate system, the azimuth angle of the blocker is assumed to be uniform in [0,2π) and the zenith angle is assumed to be π/2. 
The heights and widths of the human blockers are modeled as uniform random variables as follows:
 
where and  denote the mean height and width of the blocker.  and  denote the one-sided deviations for the height and width of the blocker respectively. For  and , we use the parameters from [7], viz.,  and  for humans and  and  for vehicles. Based on human and vehicular variations, we also use 
 and  for humans and  and  for vehicles. 

The number of human blockers in the region of interest is modeled as a Poisson random variable with parameter λ. Different choices of λ can be considered, but we focus on  due to the following reasons. Note that with a certain λ, the average density of blockers is. Table 1 below shows the average density of blockers with different choices of λ,  and. Benchmarking Table 1 with a typical indoor setting like the 3rd floor of the Qualcomm building with 50-100 human blockers in an area of dimensions 75 m x 40 m leads to an average density of to . These benchmarks are captured by  in the  settings easily. 

	
	dmax = 10
	dmax = 15
	dmax = 20

	dmin = 1
	0.0129, 0.0257, 0.0386,
0.0514, 0.0772
	0.0057, 0.0114, 0.0171,
0.0227, 0.0341
	0.0032, 0.0064, 0.0096,
0.0128, 0.0191

	dmin = 3
	0.0140, 0.0280, 0.0420,
0.0560, 0.0839
	0.0059, 0.0118, 0.0177,
0.0236, 0.0354
	0.0033, 0.0064, 0.0098,
0.0130, 0.0195

	dmin = 5
	0.0170, 0.0340, 0.0509,
0.0679, 0.1019
	0.0064, 0.0127, 0.0191,
0.0255, 0.0382
	0.0034, 0.0068, 0.0102,
0.0136, 0.0204


Table 1: Average density of blockers with different parameters. 

For simplicity, the blockage/screen and the UE are assumed to be parallel in orientation and the angle subtended at the UE by the blockage is computed as  and  in the azimuth and zenith, respectively. Since the distances are small, using approximations such as  and  are not accurate. In terms of the diffraction/shadowing loss, it is assumed that the transmitter is at a distance of  and  from the UE and a knife-edge diffraction model as from [7] is used. 
Results 
For the first blocker (hand blocking), we note Figures 2(a) and (b) that capture the loss in the portrait and landscape modes. 













Figure 2(a)-(b): Received power in azimuth and zenith with a hand model in the portrait and landscape modes. 
From this study, we observe that in the portrait mode, an azimuthal blockage of (centered around ) and a zenith blockage of  (centered around ) can be assumed. Similarly, in the landscape mode, an azimuthal blockage of (centered around ) and a zenith blockage of  (centered around ) can be assumed. 
[image: ]



[image: ]
Table 2: Total angular blockage in azimuthal space with the two densities for r and . 

We now present the next series of results on the mean, median and 90th percentile values of the total angular blockage in the azimuth (Table 2) with the two density models,  and , for . Table 3 presents the mean, median and 90th percentile values of the mean angular blockage in the azimuth with the two density models,  and , for . Also, Table 4 presents the mean, median and 90th percentile values of the mean angular blockage in the zenith with the same setting as before. The main conclusions from Tables 2-4 are that: i) Both the total blockage angle [image: ][image: ][image: ]and the mean blockage angle casted by each blocker decrease as  increase or  increases. This is true for both azimuthal angles and zenith angles. This is because the blockers are now farther away from the UE as  increases and are more likely to be father away from the UE as  increases. In either case, a smaller angle is casted at the UE resulting in a decrease of the blocking angle. ii) The density function  leads to smaller blockage than uniform density (as more blockers are at farther distances than at closer distances).  
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Table 3: Mean angular blockage in azimuthal space with the two densities for r and . 
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Table 4: Mean angular blockage in zenith space with the two densities for r and . 

[image: ][image: ]Table 5 presents the mean, median and 90th percentile values of the total and mean angular blockages in the azimuth with  as the density model for the blockers with  Clearly, this table shows that the mean blocking angle is weakly dependent on λ and only the total blocking angle changes (corresponding to a higher number of effective blockers as λ increases). 
 λ = 4 



[image: ][image: ]
λ = 8 

[image: ] 
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λ = 12 


Table 5: Total (Column 1) and mean (Column 2) angular blockage in azimuthal space with  as the density model for r and , 8, 12. 

For the diffraction/shadowing loss, we assume a typical indoor setting corresponding to ,  and assume  Table 5 provides good justification for considering this λ value. We use the knife-edge model from [7] and assume that the transmitter is located at a distance of or  from the UE. Table 6 below provides the mean, median and 90th percentile of the loss in dB for different r values. Figure 3(a) provides the CDF of the diffraction loss in these three settings. Clearly, these two studies show a significant loss by the angular blockage in the region of blockage (over 15 dB in loss). These numbers are also similar to the presence of the hand, as seen from Fig. 2. 
In Figure 3(b), the mean of the loss is removed from the loss data and a zero-mean Gaussian distribution is fitted to it. This study shows that the discrepancy between the mean shifted loss random variable and a Gaussian is good at all the three r values. The variance of the best Gaussian fit in the three cases are σ2 = 0.5118, 0.8869 and 1.1420, respectively. 
[image: ]
[image: ]Table 6: Diffraction/shadowing loss with different transmit-receive distances with  as the density model for r and . 
[image: ]









Figure 3(a): CDF of diffraction/shadowing loss with different transmit-receive distances with  as the density model for r and . 3(b) CDF of mean shifted loss with a Gaussian fit in the same three settings. 

With these studies in the background that provide parameters for , we now present a study to figure the right choice of K. In this study, the total angular blockage due to multiple human blockers is approximated by the top-K sets of blockers corresponding to the largest angle covered by these blockers. Instead of the largest angle covered, one could consider other criteria such as top-K blockers creating the most loss, etc. The flavor of the results remain the same with this alternate criterion and hence are not provided here. The mean, median and 90th percentile of the percentage of the total angular blockages explained by the top-K blockers is presented in Table 7 for ,  and . 
[image: ]










Table 7: Percentage of total angular blockages explained by top-K blockers 

Statistics from the studies with the top-K angular blockages shows that there is a decreasing explanatory power with a fixed K as λ increases, but over 70% of blockages explained with the top-6 blockages even with λ = 12. Using the top-4 blockages explains over 90%, 70% and 55% of the total angular blockages at λ = 4, 8 and 12, respectively. It is important to note that there are diminishing returns in terms of explanatory power as K is increased. On the other hand increasing K increases the model complexity. This tradeoff suggests a compromise between a large and a small choice of K that optimizes explanatory power vs. model complexity. Our suggestion is to use the top-4 human blockers to result in K = 1 self-blockage + 4 human blockers = 5 for over 80% explanation up to λ = 8. 
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