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1. Introduction
In high carrier frequencies above 6GHz, blockage caused by objects such as human and cars can significantly degrade the received signal quality. To study the impact of blockage in future system design, a proper blockage model is of crucial importance [1]. In the RAN1 #84 meeting [2], it has been agreed that blockage should be considered in the development of the new >6 GHz channel model. This contribution aims to provide proposals on this open issue.
2. Channel realization generation
The channel realization generation with blockage for indoor IEEE 802.11 60 GHz WLAN systems has been discussed in [3]. The generation of the channel impulse responses includes the generation of amplitude, time, and angular and polarization characteristics for all clusters according to input parameters. In a real environment, not all the clusters are available; some of these clusters can be blocked by people, furniture, and other objects. A probabilistic method was proposed in [3] that a part of the clusters is blocked in the channel model. The blocked clusters are selected randomly and independently according to an individual probability of being blocked. This probability can be obtained via measurement or ray tracing experiments. After blocking part of the clusters, the non-blocked clusters continue on generating intra cluster characteristics, forming the final channel impulse responses. The whole procedure of channel realization generation with blockage is schematically shown in Figure 1.
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Figure 1. Process of channel realization generation with blockage in [3]
It can be noticed in Figure 1 that only non-blocked clusters will be used to generated channel impulse responses. However, in realistic scenarios, even blocked clusters may have contributions, although somewhat weakened, to the channel impulse response [4]. To take this effect into account, an extra module where attenuation is performed to those blocked clusters should be included in the channel generation process. These modules can be incorporated into the current 3GPP 3D SCM generation process [5].
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Figure 2. Channel generation steps with the blockage feature turned on
In the improved process shown in Figure 2, a cluster index set for blockage is randomly generated. Then, these blocked clusters will be attenuated. After these two modules, all clusters will be used in the generation of channel impulse responses.
Proposal 1: The improved process of channel generation shown in Figure 2 is used for the above 6 GHz 3GPP 3D SCM.
Once the blockage module is inserted to the 3GPP 3D SCM generation, the problem turns to find out what the blocking object is and how large the attenuation will be. 
2.1 Blocking objects and modeling
Blocking objects can be divided into static and dynamic blocking objects. Static blocking objects include lampposts, trees, buildings, and stationary human, etc, while dynamic blocking objects include cars, pedestrians, etc. 
It is complicated to model all details of each blocking object. A simple and efficient model was proposed in the METIS project [6] which models the blocking objects as rectangular screens. In addition, it is assumed that the path direction is always perpendicular to the rectangular screen for simplicity. Examples of the METIS blocking model are shown in Figure 3.
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Figure 3. Shadowing screen model [6]
However, it is still difficult to predict when blockage occurs in a realistic scenario unless the environment is very stable. Therefore, for dynamic blocking objects, it is reasonable to develop models in a stochastic manner. In the realization of channel impulse responses, we can prepare a typical set of screens with different sizes representing different dynamic objects offline. For example, for indoor scenarios, human will be the major blocking object. Therefore, the typical set of screes for indoor scenarios may contain human only. For outdoor scenarios, a typical set of screens may consist of a human screen and a vehicle screen. The probability that a specific screen is blocking the signal can be determined via measurement. In the process of channel generation, each screen appears according to its probability in the module of attenuation on blocked clusters. It was stated in [6] a human screen with width 0.3m provides good alignment between models and measurements. Therefore, this can serve as a baseline. Other dimensions of different screens need to be confirmed via measurements.
Table 1. Typical set of screens for indoor and outdoor scenarios
	
	Typical set of screens
	Screen dimensions

	Indoor
	Human
	Human width: 0.3 m (from [6]) 
Human height: 1.7m

	Outdoor
	Human
Vehicle
	Human width: 0.3 m (from [6]) 
Human height: 1.7m
Vehicle width: 4.8m (from [7])
Vehicle height: 1.4m (from [7])


Proposal 2: Each scenario can have a scenario-specific typical set of blockage screens for computing the dynamic blockage attenuation. Human is considered in indoor scenarios and human and vehicle are considered in outdoor scenarios as baseline.
On the other hand, for static blocking objects, exact locations of these static blocking objects may not need to be modeled. It is preferred to treat static blockage as a kind of shadow fading. In this case, static blockage is embedded into the statistics of shadow fading in the environment obtained via measurements. This would not require additional modeling efforts. 

Proposal 3: Static blockage is treated as shadow fading.
2.2 Attenuation calculation

If a cluster is blocked, its blocking object can be randomly chosen within the typical set. The distance between the last bounce and the receiver and the location of the blocking object along the direct line between the last bounce and the receiver can be randomly generated. To minimize the increase of complexity, the blockage can be assumed fixed during one drop in the channel generation.
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 Figure 4. Location of the blocking screen
Then, the attenuation of being blocked by a screen can be calculated using a simple knife edge diffraction model for the four edges of the screen as shown in Figure 3 [5]
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 account for knife edge diffraction at the four edges corresponding to the height, [image: image16.png]
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, of the screen. The shadowing for a single edge is given by
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 are the projected distances (according to the projections from side and from above in Figure 3 between the nodes and the edges of the screen and [image: image27.png]


 is the projected distance between the transmitter and receiver. Experiments have shown that this is a simple and accurate way to model blockage in the above 6 GHz band [6]. Hence, it can be considered in 3GPP.
Proposal 4: Equations (1) and (2) are used in the calculation of blockage attenuation for the above 6 GHz 3GPP 3D SCM. 
3. Conclusions

This contribution has discussed the blockage modeling for channel models above 6 GHz. An improved channel generation process with blockage has been proposed. In addition, the blocking objects can be randomly chosen in a typical set of screens and then attenuation of blockage can be calculated. In conclusion, we have the following proposals:
Proposal 1: The improved process of channel generation shown in Figure 2 is used for the above 6 GHz 3GPP 3D SCM.
Proposal 2: Each scenario can have a scenario-specific typical set of blockage screens for computing the dynamic blockage attenuation. Human is considered in indoor scenarios and human and vehicle are considered in outdoor scenarios as baseline.
Proposal 3: Static blockage is treated as shadow fading.

Proposal 4: Equations (1) and (2) are used in the calculation of blockage attenuation for the above 6 GHz 3GPP 3D SCM. 
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