[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #84		R1-160923
St Julian’s, Malta, 15th - 19th February 2016

Agenda item:	7.3.5.3
Source:	InterDigital
Title:	Dynamic Blockage and Self Blockage for Above 6 GHz Channel Modeling
Document for:		Discussion and Decision
1	Introduction
Several companies or organizations have participated in the e-mail discussions on channel model for frequency spectrum above 6 GHz, since the approval of the corresponding Study Item (SI) [1]. The e-mail discussions (summarized in [2]) cover the topics of deployment scenarios, modeling methodologies, and additional features necessary for higher frequency. One of the additional features addressed by many companies 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. 
In this contribution, we overview the existing work on dynamic blockage model and then propose a modification to 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
The dynamic blockage model is studied in MiWEBA report [3]. It is stated in [3] that human or vehicle blockage duration is relatively long for system level simulations. Hence, it could be modelled 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 [4] at 60 GHz for indoor scenarios. Its modeling methodology is based on ray-tracing simulations. The reference [4] 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 [4]. 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 ([4])

Note that in general, the probability a cluster is dynamically blocked may depend on the cluster delay and eNB height [5]-[7]. The larger the cluster delay (i.e., the longer the cluster path), the higher chance the cluster being blocked. Similarly, if an eNB is at a high elevation location, its transmitted radiation is less likely to be blocked by human.

3	Dynamic Blockage Modeling and Self Blockage
Dynamic blockage Modeling
The modeling methodologies in [4] might be applied to 5G channel model. If the 3D stochastic channel model [8] 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 modifications could occur at Step 6 of the channel coefficient generation procedure. After a cluster power is determined (i.e., equation (7.6) in Step 6), a random variable  can be generated for this cluster. This variable follows Bernoulli distribution with 
,             
where  is a function of cluster delay  and eNB height . If the generated variable  is equal to 1 (implying the cluster is dynamically blocked), then an additional power attenuation is applied to the cluster power  from equation (7.6). Otherwise, keep the  unchanged. 
The function to determine   from cluster delay  and eNB height  is to be determined. The principle is that  increases with  and decreases with . The power attenuation is expected to be frequency dependent, as it is closely related to diffraction loss, which are frequency dependent [9]. Figure 2 gives an exemplary illustration of higher diffraction loss at higher frequency band. The power attenuation as a function of frequency is to be determined.
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[bookmark: _Ref442271349][bookmark: _Ref442271340]Figure 2: Diffraction loss is frequency dependent
Proposal 1: In Step 6 of [8], define the probability that each generated cluster is dynamically blocked, and this probability depends on cluster delay and eNB height. Add an additional power attenuation on a cluster if it is dynamically blocked. 
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 [5]. 
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 [10]. 
It is implied in [5] 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 2: 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 then propose a modification of the existing 3GPP 3D channel model to capture the dynamic blockage scenario:
Proposal 1: In Step 6 of [8], define the probability that each generated cluster is dynamically blocked, and this probability depends on cluster delay and eNB height. Add an additional power attenuation on a cluster if it is 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 2: Self-blockage needs to be considered and modeled separately from an ordinary dynamic human blockage.
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