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1. Introduction
RAN1 #84 has agreed with multiple channel modeling scenarios and channel modeling requirements for supporting frequency bands above 6GHz. In summary, new channel models shall support: 

· Frequency range up to 100GHz
· Space/time/frequency consistency

· Large channel bandwidth

· Large antenna arrays

In this contribution, we has analysed some existing methods of modelling propagation channel blockage although details of blockage methodology are far from be clear yet and confirmed by field measurement. 
2. Overview
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Figure 1 Sketch of Channel Propagation Blockage 
The blockage effect of propagation channel between transceivers can be found for all frequency bands above and below 6GHz. It may be modeled differently due to the trade-off between modeling accuracy and modeling complexity. For MIMO channel modeling methodology in [2] designed for frequency bands below 6GHz, the effect of propagation blockage is normally modeled by the component of slow fading due to shadowing so that all field measurement samples are averaged within a relatively long measurement time from a large sampling area to remove components of fast fading. The shadowing due to static obstacles (like buildings, trees, street lamps) and moving obstacles (like cars and pedestrian) can be generalized as slow fading with Gaussian distribution. The LoS/NLoS probability function is further designed to differentiate the level of blockage so that different sets of slow/fast fading channel parameters and procedures can be assigned to a UE depending on its status of LoS/NLoS. Therefore the effect of blockage has been implicitly included to represent propagation channels of deployment scenarios. 

On the other hand, the blockage effect for frequency bands above 6GHz may need special treatments to model new channel characteristics of millimeter wave (with respect to [2]) in order to properly support and design corresponding MIMO transmission solutions. Typically at higher frequency reflection and scattering may be more predominant and at lower frequency diffraction may be more dominant [1]. Incorporating the effect of blockage into shadow fading only can be too pessimistic for millimeter wave and may result in a significantly large power offset due to blockage bursts up to tens of dB fading. Therefore how to introduce certain blockage functionality but maintain spatial/temporal/frequency consistency and modeling complexity needs some further analysis. 

In our understanding, the blockage due to obstacles between transceivers can be generalized into two categories starting from channel modeling methodology in [2] for frequency bands above 6GHz. 
Static/semi-static Blockage
It is important to know the blockage of propagation channel has been taken into account by statistical models as we discussed above. The time consistency of blockage effect is relevant to system level simulations and corresponding air interface design which normally targets at a system running time of ~10 seconds in RAN1. Therefore static and semi-static blockage relative to actual simulation time can be incorporated into slow fading sufficiently with dedicated LoS/NLoS probability functions and shadow fading coefficients. It is expected that the status of blockage within a transceiver path will not change during a simulation run. LoS/NLoS probability functions and shadow fading cab be relevant to 3D distance, frequency and deployment scenarios. 
Typical examples of static/semi-static obstacles are:  

· Buildings/Trees/Statues in UMa and UMi scenarios

· Chair/desk/decorations in indoor office and even officers who seat on chairs without moving (temporally) 
Proposal # 1: Static/semi-static blockage can be modeled by slow fading components sufficiently with LoS/NLoS probability functions and shadow fading coefficients which may be relevant to distance, frequency, and scenarios. 
Dynamic Blockage

Dynamic blockage refers to dynamic fading which may be modeled temporally and spatially during a simulation run. Due to the lack of diffraction paths for frequency bands above 6GHz, access schemes in 5G may have to rely on reflection paths, probably with a larger antenna array to boost and stabilize high-order beamformed transmission over the air. Dynamic blockage can be more prominent for a UE with relatively high mobility where the effect of birth/death of obstacles is relatively fast for frequency bands above 6GHz. Depending on frequency and size/material of obstacles, dynamic blockage may give rise to bursts of additional 5~20dB fading for some propagation paths between a transceiver. 
We shall also know that dynamic blockage is partially modeled at least by statistical models [2]. Measurement data collected from fields has taken into account moving obstacles like pedestrian and vehicles. As a consequence, the effect of dynamic blockage will give rise to a number of propagation clusters which are modeled later at space and time domains, for example using the number of clusters, AS per cluster, power delay spread and etc. Therefore, it should be avoided to overestimate dynamic blockage due to duplicated modeling mechanisms. 
Typical examples of dynamic obstacles:  

· Human body: The blockage of human body caused by pedestrian nearby by the UE and/or a person holding the UE [4] will temporally contribute the birth/death of obstacles. Such a blockage may be more prominent in indoor and also for higher frequency bands due to holding positions. 

· Moving obstacles: Similar with human body, other types of moving obstacles may temporally present between a transceiver path within a short period of time and contribute the birth/death of obstacles, such as vehicles in UMa/UMi.   
Proposal #2: If needed, dynamic blockage can be modeled by fast fading components for frequency bands above 6GHz. However dynamic blockage shall not be overestimated by duplicated modeling mechanisms.   
3. Modelling of Dynamic Blockage
There are several ways of modeling dynamic blockage in our understanding by modifying fast fading channel components. Generally, each method has its own pros and cons. 
Alternative #1 (Statistics): [3,6]

Dynamic blockage with this alternative is modeled with further fading per cluster. Each newly created cluster can be faded (or completely removed/be dead) for a certain time duration, for example at step 6 in [2] after generating cluster power. 

The advantage of alternative #1 is that it is relatively straightforward and simple. A certain probability function can be applied to each cluster after cluster generation although details of such a statistical way are far from being complete. The simplest approach is to assign a fixed value of probability, like throwing a dice, to determine whether a given cluster shall be faded during whole simulation running time. Increased complexity of modeling is relatively limited. 

Opening questions related to this alternative are: 

· Duplicated modeling: Generally it is hard to completely isolate the effect of dynamic blockage from field measurements. It is impossible to determine whether some clusters from field measurements are actually blocked by static or dynamic obstacles. Therefore it is likely that we may overestimate dynamic blockage if introducing additional fading per cluster. Moreover, if some clusters are faded (partially or thoroughly) after step 6 in [2], power delay profile,  angular spread  and other large scale parameters are changed and will not be consistent with original values.     
· Spatial Consistency: It is desired to maintain spatial consistency for dynamic blockage. Therefore one opening question is about how to model such a probability function of blockage at spatial domain, for example new spatial correlation distance of blockage may be needed. 
· Temporal consistency: It is desired to maintain temporal consistency for dynamic blockage. The simplest approach is single on-off by which each generated cluster will be classified as either being unblocked or being blocked. Such classification will be determined beforehand and unchanged during whole simulation running time. There may a need to discuss how to extend the modeling of blockage at time domain, for example introducing temporal correlation distance of blockage which can be relatively long or short depending on specific study case and scenario. 
· Joint correlation: It is highly likely that the probability of dynamic blockage is related to 3D distance, frequency, BS height and scenarios. How to build a cross-relationship among scenario parameters and the likelihood of dynamic blockage need be discussed later. 
Alternative #2 (Semi-Statistics): [7]

Dynamic blockage with this alternative is explicitly modeled by a blocker which has a certain spatial blocking range of ZoA/AoA. The centre of blockers can be determined based on spatial/temporal consistent random variable. This alternative in general means one additional 3D/4D mask applied to generated fast fading channel coefficients so that some clusters within a certain spatial range will be faded or removed. 
The advantage of alternative #2 is that the dropping of blocker(s) can be explicitly modeled by the center of blocker and blocking range. By modifying dropping rules and parameters of blockers, it can be easily extended to support a variety of frequency and scenarios. 

Opening questions related to this alternative are: 

· Duplicated modeling: Similar with Alternative #1, Alternative 2 has to explicitly model and determine which cluster shall be faded or completely blocked. In general, the values of large scale parameters will be altered by applying Alternative 2 on top of statistical models and may more or less overestimate the effect of dynamic blockage. 

· Spatial consistency: Spatial consistency of Alternative 2 can be modeled by a certain spatial correlation distance of blocker center. Additional decision points are about ranges of blocker which need to be spatially consistent as well, mobility, and etc.  
· Temporal Consistency: New temporal functionality of blocker center is needed to model proper transition of blockers at time domain. 
· Joint correlation: It is likely that there is a cross-correlation between ranges of blockers, 3D distance, frequency, BS height and scenarios. 
Alternative #3 (Deterministic): [5]

Dynamic blocking with this alternative is explicitly modeled by a blocker, a screen in this case with pre-defined size and shape, which has a certain spatial blocking range. The shadowing loss is modeled by a knife edge diffraction model from four edges of the screen. The fading from single edge is determined by travelling distance from BS/UE to that edge, corresponding LoS state and direct distance. 

The advantage of alternative #3 compared to alternative #2 is that the fading coefficient caused by dynamic blockage per cluster can be explicitly modeled by a diffraction model with relatively high accuracy. Alternative 2 and 3 can be more or less similar except for the determination of fading coefficient per cluster. Alterative 3 will explicitly determine the status of blockage for each cluster by jointing consider the size of screen and 3D propagation path, and then use 3D distance to calculate corresponding fading. Alternative 2 is more closed to a fixed or statistical fading per cluster. Other opening questions of alternative 2 can be similarly applied to alternative 3. 

Given above analysis, we do believe that there may need more study from field measurements in order to isolate the effect of dynamic blockage and avoid the overestimation of dynamic blockage. Moreover, applying blockage models on top of a statistical model may cause inconsistency of large scale parameters due to extra layer of fading mask. Existing field measurements seems to be insufficient also to distinctly determine the cross-correlation among the likelihood of dynamic blockage, frequency, BS height, and etc. 
Proposal 3: It is preferred to support dynamic blockage as an additional feature. Detailed of blockage functionality and cross-relationship can be studied further. 
Proposal 4: If needed, it is slightly to prefer to use statistical model like Alternative#1 to determine the status of blockage per cluster by which spatial and temporal consistency can be easily maintained, modeled and extended for supporting multiple simulation tasks, frequencies, and scenarios. 
4. 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: Static/semi-static blockage can be modeled by slow fading components sufficiently with LoS/NLoS probability functions and shadow fading coefficients which may be relevant to distance, frequency, and scenarios. 
Proposal #2: If needed, dynamic blockage can be modeled by fast fading components for frequency bands above 6GHz. However dynamic blockage shall not be overestimated by duplicated modeling mechanisms.   
Proposal 3: It is preferred to support dynamic blockage as an additional feature. Detailed of blockage functionality and cross-relationship can be studied further. 

Proposal 4: If needed, it is slightly to prefer to use statistical model like Alternative#1 to determine the status of blockage per cluster by which spatial and temporal consistency can be easily maintained, modeled and extended for supporting multiple simulation tasks, frequencies, and scenarios. 
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