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Discussion and Decision
1. Introduction
Dynamic blockage has been discussed and agreed in principle in [1] in RAN1 Channel Modeling AH meeting. The blockage modelling considers static objects and moving objects such as human body and vehicle. However modeling shall avoid duplicated blocking effect since in general propagation blockage has been taken into account by stochastic models with different modeling components, for example shadow fading of pathloss, shadow fading per cluster, stochastic distribution of clusters of arrival/departure, etc. Therefore dedicated blockage measurement is highly desired to isolate the effect of dynamic blockage from generic modeling procedure of high frequency bands above 6GHz. 

As an add-on feature, the blockage modeling is enabled only on demand, for specific NR study and may be used by different 3GPP working groups. Therefore the blockage modeling shall consider a stochastic approach which can be relatively easy to implement on top of basic channel generation procedures, be straightforward to expand and support different NR study scenarios, and maintain modeling consistency at spatial/time/frequency domain. In this contribution, we have analyzed what we may need for blockage models whereas details of blockage parameters shall come from dedicated field measurements. 
2. Some Remaining Details and Considerations
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Figure 1 Sketch of Channel Propagation Blockage 
In this section considers the remaining detail modelling based on agreement [1], in particular, we analyze what input is needed for each step of blockage modeling. In general, our preference is to minimize the complexity of implementation as much as possible meanwhile keep a reasonable level of modeling accuracy. Details of parameters have to come from field measurements. 
Density of Blockage Dropping: 

Agreements: The blockers are modeled as (multiple) an angular blocking region as applied to the AoA/ZoA around the UE. One of the angular blocking regions represents self-blocking (i.e. human/hand holding the UE); this blocking region is not spatially consistent and UE specifically generated. On number of angularly blocked regions (excluding self-blocking), the number of angularly blocked regions is a constant K (e.g. [1]) .
· Above agreements in general means that if blockage modeling is enabled, at least more than two blockers per UE will be dropped. Different density of blockers shall be considered: 

· One blocker per UE for self-blocking: this kind of blocker is to mimic the blockage effect due to very close range of obstacles to the UE, e.g. human body/holding hand/UE rotation, which in general cause rapid deep fading for some selective propagation clusters and may last for a very short period of time (~ a few seconds). Such a blocker does not need to be spatially consistent but shall be temporally consistent. 

· K blockers per UE: this kind of blockers is to mimic the blockage effect due to moving objectives around the UE, e.g., pedestrian in indoor or vehicle in outdoor, which in general cause rapid deep fading and shall be spatially and temporally consistent so that UEs close enough may experience a common blocking range in space. It is preferred to fix the value of K (the value of K can be FFS) which shall be carefully verified and shall not dramatically change large scale parameters defined for each scenario. 

· Open issues: values of K for indoor/outdoor UE per scenario 
Blocking centers and corresponding Spatial Consistency: 
Agreements: The blocking model is made spatially consistent.
· As discussed above, one blocker per UE for self-blocking does not need to be spatial consistent so that the center of blocker can be randomly and uniformly determined per UE. 
· It is desired to ensure that K blockers per UE are spatially consistent. Modeling of spatial consistency can reuse the same modeling methodology in [2] by generating a correlation grid. The difference here is that the corner of correlation grid is a 2D coordination of blocker, e.g. [x degree in AoA, y degree in ZoA], which is independently generated. For each UE, a specific interpolation function (which is highly preferred to use a common one) will determine a blocker center for such UE by interpolating surrounding grids. Therefore if several UEs are close, they may have similar blocker centers and therefore similar angular blocking ranges. Further simplicity is to fix centers of blocker at the elevation plane, e.g. y=90 degree. 
· The complexity may be on the value of K which determines the number of blockers around each UE. And it’s possible to make the value K consistent in spatial domain too. Proposed procedure of modeling spatial consistency of blockers needs to be repeated K times so that each UE will eventually be surrounded by K blockers. Moreover, K angular ranges per UE can be overlapped each other and give rise to cumulative fading over a certain angular range. Alternately, K blocking regions may contribute nothing if they all are outside AoA/ZoAs of the UE.   
· For simplicity, it is preferred to drop blocking centers on each floor independently so that spatial consistency across floors is not modeled. 

· Open issues: spatial interpolation function, spatial correlation distance of blockage 
Range of Blocking
Agreements: The angles and sizes of the angular blocking region are generated according to a statistical process. The center of the blocking region is uniformly chosen in the azimuth angle but fixed in elevation. 
· Once the centers of blockers for each UE are determined, next question is the blocking region of each blocker in AoA and ZoA. Such a blocking range can be modeled with a radius of “r” in degree given that we do not discriminate elevation and horizontal planes in terms of the effect of blockage. Therefore a single value of blocking radius is sufficient. The radius can be fixed or dynamic following a statistical function per UE. 

· Open issues: blocking radius (be fixed or dynamic following a statistical function)

Blocking centers and corresponding Temporal Consistency
Agreements: The blocking model is made temporally consistent.
· It is desired to ensure that (K+1) blockers per UE are temporally consistent. The simplest way is to expand the correlation grid of spatial domain to a 3D grid with both spatial and temporal domains. The z axis can be used to mimic the movement of blocker center at time domain so that blockage regions and corresponding attenuation of propagation clusters per UE are smoothly varied at time. 
· Open issues: temporal interpolation function, temporal correlation distance of blockage
Attenuation Coefficient per Blocker
Agreements: The clusters within the angular blocking regions are attenuated assuming a statistical model
· Extra attenuation or fading caused by each blocker for given UE can be modeled by a statistical model, e.g. with exponential or Rayleigh distribution depending on field measurement. Such attenuation can be frequency dependent. And as we discuss above, attenuation may be cumulated for a given propagation cluster if blocking regions for that UE are overlapped over that cluster. 
· Open issues: statistical blocking attenuation modeling 
3. Conclusions
In this contribution, we have analyzed pros and cons of propagation channel blockages for frequency bands above 6GHz. Therefore based on above analysis, following proposals are suggested:
Proposal-1: model K+1 blockers for each users, K blockers to mimic the blockage effect due to moving objectives around the UE and one blocker to mimic the blockage effect due to very close range of obstacles to the UE (self-blockage)

Proposal-2: The one blocker for self-blockage doesn’t need to be consistent in spatial domain only need to consistent in tempura domain. The K blockers for surrounding objectives should be temporally and spatially consistent. 

Propsoal-3: the spatial consistency of K blockers can use similar correlation grid (in other spatial consistency modelling) to generate the angle of the blocker center. 
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