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1	Introduction
In RAN1 meeting #84, a working assumption [1] was made for the channel modeling methodology. This working assumption also covers a list of additional features to be included in the channel model for frequency spectrum above 6 GHz. One of the additional features in the list is dynamic blockage. 
Dynamic blockage refers to the blocking of some clusters between transmitter and receiver due to the movement of humans or vehicles. Unlike low frequency bands, the diffraction loss and penetration loss are significant in high frequency bands, resulting in the heavy impact on the received signal strength due to cluster blockage. Therefore, it is necessary to investigate, analyze and model the dynamic blockage. 
Dynamic blockage modeling was studied both outside 3GPP and inside 3GPP. In RAN1 meeting #84, several companies started to discuss various aspects of dynamic blockage.
In this contribution, we overview the existing work on dynamic blockage model and then propose some modifications of the existing 3GPP 3D channel model to capture the dynamic blockage scenario. Further, we propose to pay an additional attention to a special case of dynamic blockage.
2	Overview
Dynamic Blockage Discussion outside 3GPP 
The dynamic blockage model is studied in MiWEBA report [2]. It is stated in [2] that human or vehicle blockage duration is relatively long for system level simulations. Hence, it could be modeled as a static event. Following that, it provides separate blockage probabilities for D-ray and R-ray. Note that MiWEBA report is based on quasi-deterministic channel model, which is composed of Deterministic rays (D-rays) and Random rays (R-rays). Examples of D-rays are the LOS ray, the one reflected from the ground, etc. Examples of R-rays are the rays with reflections from various objects. 
The dynamic human blockage is also well studied in the IEEE 802.11 domain [3] at 60 GHz for indoor scenarios. Its modeling methodology is based on ray-tracing simulations. The reference [3] not only provides the blockage probabilities for different types of rays, but also provides the amplitude attenuation statistics under blockage. Specifically, the ray-tracing simulations imply that the amplitude attenuation due to dynamic blockage follows truncated Gaussian or truncated second order Gaussian distribution in the indoor scenario.  
Furthermore, the dynamic blockage model is incorporated in the process of channel realization generation in [3]. Figure 1 shows the process of channel realization generation. The blue-coloured block in the figure illustrates the modeling process of the dynamic blockage. Basically, for each generated cluster, a probability model is applied to determine whether this cluster is dynamically blocked. If so, this cluster is ignored[footnoteRef:1]. Otherwise, this cluster is passed to the next block.   [1:  An alternative is that certain power attenuation is applied to this cluster.] 



[bookmark: _Ref442177084][bookmark: _Ref442177078]Figure 1: Process of channel realization generation ([3])

Note that in general, the probability a cluster is dynamically blocked may depend on the cluster delay and BS height [4]-[6]. The larger the cluster delay (i.e., the longer the cluster path), the higher chance the cluster being blocked. Similarly, if a BS is at a high elevation location, its transmitted radiation is less likely to be blocked by human.
Dynamic Blockage Discussion inside 3GPP 
Several contributions [7]-[14] to RAN1 meeting #84 discussed the problem of dynamic blockage. Some of them raised the questions/scenarios about dynamic blockage or provided some measurement results, while others discussed the ways of modeling dynamic blockage scenario. Table 1 below summarizes the contents of these contributions on dynamic blockage.
[bookmark: _Ref444674604]Table 1: Summary of dynamic blockage contributions
	
	Contents

	CATT [7]
	Propose 3 modeling methodologies, where the last 2 are preferred
1. Birth and death of rays
2. KR rate-change for LOS ray blockage: Update a formula in 3GPP 3D channel model
3. Static process: Part of shadow fading

	Intel [8]
	Propose a modeling methodology
1. Randomly introduce the size and location of blocker
2. Block certain AoA due to the blocker

	CMCC [9]
	Raised 3 questions
1. How much loss should the blockage introduce?
2. In what probabilities will the blockage happen?
3. In which level should the blockage model be introduced, large scale or small scale? 

	Samsung [10]
	Talked about both static and dynamic blockage
1. Static objects blocking: turn off certain clusters
2. Dynamic blockage: birth and death of clusters

	LG [11]
	Study 3 aspects
1. Blockage attenuation 
2. Multiple blockers
3. Self-body blockage 

	NTT DOCOMO [12]
	Add extra shadowing components, with certain probability

	Ericsson, Keysight [13]
	Study knife edge diffraction calculation for blockage attenuation

	Qualcomm [14]
	Introduce 2 scenarios
1. Consider new clusters introduced by blocker
2. Consider blocker due to hand



As shown in this table, one way to model dynamic blockage is to treat it as an additional shadow fading, and hence, add a new fading item to the path loss model. This approach is simple, but might not be accurate. In general, a dynamic blocker like human or vehicle is not big enough to block all the clusters towards a UE. It is more likely that a dynamic blocker only blocks some clusters. In this sense, we propose to model dynamic blockage scenario at the cluster level.
Proposal 1: Model dynamic blockage scenario at the cluster level.
3	Dynamic Blockage Modeling and Self Blockage
Dynamic blockage Modeling
The modeling methodologies in [3] might be applied to 5G channel model. If the 3D stochastic channel model [15] is to be extended for frequency spectrum above 6 GHz, then some minor modifications of this model can be applied to simulate the dynamic blockage scenario. 
The first modification is on the total number of clusters. In below 6 GHz 3D stochastic channel model, the number of clusters for each scenario is given in Table 7.3-6 of [15]. These numbers may be reduced for above 6 GHz channel model (cf. [16]). Further modifications on these numbers may be needed to incorporate the dynamic blockage scenario. It is shown [2], [14] that some new clusters may occur with the movement of human and vehicle. Hence, the total number of possible clusters needs to be increased to model these newly introduced clusters due to the movement of human and vehicle. 
Proposal 2: The total number of clusters needs to be increased to model the new clusters resulting from moving human and vehicle. 
The second modification is on the appearance of each cluster. Some clusters may be dynamically blocked by moving people and vehicle, while other clusters may appear as a blocking obstacle moves away. This can be modeled using birth-death process for each cluster. Figure 2 shows the birth-death process of the nth cluster. The birth state indicates the cluster is not blocked, and the death state indicates the cluster is blocked. The probability of transferring from the birth state to the death state is  and the probability of transferring from the death state to the birth state is . The probability that a cluster is initially in the birth state is . 
Here,,  and  are functions of cluster delay  and BS height . In general,  increases with  and decreases with , while  and  decreases with  and increases with . The detailed functions are to be determined.
Proposal 3: A birth-death process is introduced to track if a cluster is being blocked or not. 




[bookmark: _Ref444591920]Figure 2: Birth and death process for each cluster
The third modification is to apply additional power attenuation to those blocked clusters. The power attenuation is expected to be frequency dependent, as it is closely related to diffraction loss, which are frequency dependent [17]. Figure 3 gives an exemplary illustration of higher diffraction loss at higher frequency band. The power attenuation as a function of frequency is to be determined.
[image: ] 
[bookmark: _Ref442271349][bookmark: _Ref442271340]Figure 3: Diffraction loss is frequency dependent
Proposal 4: Additional power attenuation is applied to the clusters being dynamically blocked. 
Note that the first modification can be implemented in Step 5 of the channel coefficient generation procedure [15] and the other two modifications can be implemented in Step 6 of the channel coefficient generation procedure [15]. 
Self blockage
The dynamic human blockage can be caused by some people walking around a UE. It can also be caused by the person who is holding the UE, with his body blocking the signal from certain directions. This special case of dynamic human blockage is called self-blockage [4]. 
In self-blockage, the blocking person is very close to the UE. Hence, a large percentage of angles of arrival could be blocked easily. Subsequently, a much higher attenuation could occur in the self-blockage case than in an ordinary human blockage case. Some analytical analysis of signal attenuation due to human blockage, as a function of its distance towards transmitter and receiver, is provided in [18]. 
It is implied in [4] that self-blockage may result in up to 20 dB more attenuation than an ordinary dynamic human blockage. Hence, it is necessary to treat self-blockage differently from an ordinary dynamic human blockage.
Proposal 5: Self-blockage needs to be considered and modeled separately from an ordinary dynamic human blockage.

4	Conclusion
In this contribution, we summarize some existing work on dynamic blockage model and propose
Proposal 1: Model dynamic blockage scenario at the cluster level.
Then, we propose some modifications of the existing 3GPP 3D channel model for dynamic blockage:
Proposal 2: The total number of clusters needs to be increased to model the new clusters resulting from moving human and vehicle. 
Proposal 3: A birth-death process is introduced to track if a cluster is being blocked or not. 
Proposal 4: Additional power attenuation is applied on the clusters being dynamically blocked. 
Also, we observe that self-blockage (i.e., blocker is the person holding the UE) results in a higher signal attenuation than an ordinary dynamic human blockage. Hence, we propose the following: 
Proposal 5: Self-blockage needs to be considered and modeled separately from an ordinary dynamic human blockage.
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