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[bookmark: _Ref301342314]Introduction 
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 [1]. 

In [2], 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 the April RAN WG meeting at Busan, the additional feature of dynamic blockage modeling was considered and studied and a WF was agreed [3]. Towards this WF, two broad blockage modeling approaches are important [4], [5]. In the first study [4], a stochastic model (henceforth termed as the “stochastic approach”) is proposed to capture blockage in mmW settings. In an alternate modeling approach [5], a geometric model (henceforth termed as the “geometric approach”) with physical dropping of blocking screens is considered. Knife-edge diffraction model based loss is used to capture losses due to the physical blocking screens. A WF that combines both these proposals was proposed in [6]. 

The scope of this document is to illustrate the advantages of the stochastic approach and thus its importance in capturing dynamic blockage effects.  A TP to implement this blockage model in the TR is presented in Section 2. 
Proposal  
Given the advantages of the stochastic approach (as highlighted in Section 3), we suggest its use in the TR for modeling dynamic blockage. The following TP is made for dynamic blockage in the TR (Sec. 7.6.4). 
======================== START OF TEXT PROPOSAL ===========================
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 an 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 Steps 9 and 10, as illustrated in Figure 7.6.4-1. 
[image: ]
Figure.7.6.4-1 Channel generation procedure with blockage model

Step a: Determine the number of blockers

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

.
Optionally, one of the K angular blocking regions represents self-blocking (i.e. human/hand holding the UT); this blocking region is not spatially consistent and generated specific to each UT. 

Step b: Generate the size and location of each blocker




The size of the blocking region k is determined as follows: Size of the blocking region is  degrees in azimuth and  degrees in elevation, where  and  are constants. The center angle pair (φk,θk) of blocking region k, k = 1, 2, …, K, is determined as follows:
· φk is generated according to the uniform distribution; 
· θk is constant, whose value is 90 degrees. 
Note that the blockers are generated in a spatially consistent manner using the method described in Section 7.6.3. 

Step c: Determine the attenuation of each blocker
The clusters within each angular blocking region are attenuated with a lognormal(μ,σ2) statistical distribution. Frequency dependence of μ and σ2 are FFS. Scenario-dependency of these parameters (UMi, UMa and InH) is FFS.

Step d: Temporal evolution of each blocker
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. 

A typical/illustrative blocking scenario parameter setting is as follows. K, the total number of angular blocking regions, is set to 5. The first blocker represents self-blocking. The other four angular blocking regions are generated in azimuth and elevation 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([0o, 360o])
	15o
	90o
	N(16.42 dB, σ2 = 0.8869)



======================== END OF TEXT PROPOSAL ===========================
Advantages of stochastic approach 
We now highlight the main advantages of the stochastic approach. 

1) The stochastic approach provides a complete specification of the parameters necessary to simulate a blockage scenario, viz., number of blockers, spatial orientation and the angular region blocked by a blocker, loss from each blocker, etc. These parameter proposals are based on numerical simulation studies with hand and human blockers that captured spatial/angular blockage and accounted for a significant fraction of total angular blockage by the top few blockers.  
2) While the simulation studies in [4] considered human blockers in an InH setting, they can be readily re-simulated to capture human, vehicular or building blockages in an UMa, UMi or RMa setting. Extensions of the proposed approach to UMa, UMi or RMa settings are straightforward and follows along the same lines as listed in [4]. Depending on the scenario considered, this extension will result in newer tables of comparable complexity and similar metrics that can be reused with only minor modifications to the channel model simulator. 
3) The very nature of the stochastic approach makes the channel model simulator comparably simpler (than the geometric approach) and of similar or lower complexity as other steps in the channel model generation procedure. For example, for the loss due to blocking with the hand, an EM model as explained in [7] is used. For the loss due to human blockers, a knife-edge model as in [8] is used and a statistical model developed for a good parametric fit. Such an approach simplifies modeling and yet faithfully captures all the features that a geometric approach would capture, but with considerable complexity.  
4) The parameters generated from the stochastic approach can be used for initialization and made spatially consistent and in line with other spatially consistent features proposed in TR38.900, without any additional complexity.   
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