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1. Introduction
New study item on channel model for frequency spectrum above 6GHz has been approved in [1]. Discussions on channel model for above 6GHz frequency has started in the industry and academia for some time already. Channel blockage has been identified as one distinct feature for above 6GHz frequency which does not exist in the low band 3GPP 3D channel model [2]. In RAN1 channel model ad hoc meeting, the framework of blockage model has been depicted based on the proposals from A1 to A8 [3], and then the down-selection has been proceeded to adopting proposals 3,5, 6 and 7 as the potential candidates for blockage model [4]. Within the agreed framework of blockage [5], the blockers are built around the receiver, and can be depicted by parameters, including blocker centre, azimuth angular span, and zenith angular span.
2. Channel blockage modelling for indoor scenario
2.1 Blockage with small Tx/Rx distance 
In [4], it is assumed that the distance between the blocker and transmitter is much farther away than the distance between the blocker and receiver, so the centre of blocker is built around the receiver. This assumption is reasonable for UMa/UMi scenario with large ISD. However, in the InH scenario, the transmitter and the receiver may be deployed very close to each other, so the link between the blocker and the transmitter should also be taken into account when calculating the additional shadowing of blocker.
Between the transmitter and receiver, multiple blockers may exist. For a specific blocker, it is modelled in the polar coordinate system based on the below parameters:  
· Centre of the blocker  (), where  represent the azimuth angle, zenith angle, and radius of the centre of the blocker, respectively
· Azimuth angular span of the blocker (AoA span) , where  is the width of the assumed rectangular blocking surface
· Zenith angular span of the block (ZoA span) , where  is the height of the assumed rectangular blocking surface
where the subscript  represents the link direction, e.g. Rx, Tx. Since the distance from the blocker to transmitter is different from that to the receiver, so the corresponding blocking angular spans are different. An example is illustrated in the figure 1, where the parameters (),  and  are calculated in the receiver’s polar coordinate system, and the parameters (),  and  are calculated in the transmitter’s polar coordinate system. Then the blockage effect of four edges from this blocker is equal to:
              (2-1)
where the related angular parameters  can be derived according to the equation (2-2). Finally, the additional shadowing  which is caused by this specific blocker is calculated as:
                                                    (2-2)

 
Figure 1: An example of blocker modelling with small Tx/Rx distance
Proposal 1: The additional shadowing of one blocker should consider the link between the transmitter and the blocker for indoor scenario as in equation (2-1).

2.2 Modelling of Tx position for small Tx/Rx distance
For the LOS channel cluster, the angle of departure, including AOD and ZOD, can be derived by the AOA and ZOA as:
                                                                (2-3)
This can be utilized to simplify the blockage model. Concretely, build the blocker in the polar coordinate system with receiver as the original point, including centre (), azimuth angular span , zenith angular span . If  and , the blocker model in the polar coordinate system with transmitter as the original point, can be approximately described by (), azimuth angular span ,  zenith angular span . 
Based on the centre/span of one blocker, the related angular parameters  can be calculated accordingly. Substitute the angular parameters into the equations (2-1) and (2-2), and then the additional shadowing  from this blocker to the LoS channel cluster is obtained.  

For the NLOS channel cluster, there is no straight line between the transmitter and the receiver due to the obstacles between them. So a virtual transmitter can be assumed to be deployed at the extension line of AOA/ZOA, as illustrated in the figure 2. Then the additional shadowing can be calculated according to the equivalent link between virtual transmitter and receiver. 

Similarly as the LoS channel cluster, the blocker is built in the polar coordinate system, where the position of receiver is utilized as the origin point, derive the centre/span parameters in the transmitter’s polar coordinate system, and finally calculate the additional shadowing caused by this blocker.
The distance between the virtual transmitter and blocker can be randomly generated by a uniformly distributed random variable. The available range for this variable is , where  is the straight distance between the transmitter and receiver, and satisfies .



Figure 2: An example of virtual Tx for NLoS channel cluster
Proposal 2: When calculating the additional shadowing on the LoS channel cluster, the blocker model including center and span, can still be built in the receiver’s polar coordinate system. Then the blocker model in the transmitter’s coordinate system can be derived by center (), azimuth angular span ,  zenith angular span .
Proposal 3: For NLoS channel cluster, a virtual transmitter can be assumed at the extension line of AoA/ZoA.
Proposal 4: The additional shadowing on the NLoS channel cluster can be calculated based on the link between virtual transmitter and receiver in the same way as LoS channel cluster.
Proposal 5: The distance between the virtual transmitter and the blocker can be randomly generated in the range of .
3. Shadow/LoS zone clarification 
The sign within arc tangent function in equation (2-1) is determined by which zone the channel cluster locates, where “-” is for LoS zone and “+” is for shadow zone. Taking the channel cluster within the grey area in the Figure 3 as an example, we model the blockage effect in an area which is larger than the blocker.  We split this area into nine sub-areas. Depends on which sub-area the channel cluster falls into, we will determine the sign of four edges in equation (2-1) accordingly. For example in the grey sub-area, the sign of the bottom edge is plus and the rest three edges are minus. As a clarification, the LOS/Shadow region can be clarified in the final TR to clarify implementation of equation (2-1). The centre sub-area can be viewed as the shadow region. The four corner sub-areas with all minus sign can be viewed as pure LOS region. The remaining four sub-areas are shadow region in one dimension and LOS region in the other dimension.
Proposal 6: The definition of LoS/Shadow region can be clarified, e.g. using figure 3, for knife edge model.



[bookmark: _Ref447046005]Figure 3: The LoS/Shadow zone illustration for one channel cluster
4. The analysis of additional shadow fading caused by blockers
In [4], total K blockers are captured and can be categorized into two types. Of these blockers, one blocker is the near-field blocker, due to human hand holding or the around human body parts. This blocker does not require spatially consistency, and is UE specifically generated. Since it is the near field impact, it can be modelled as a blocker with azimuth/zenith centre (), AoD span  and ZoD span , while without radius. Table 1 shows the typical parameters for near-field hand held blockage, where two UE layout scenes, e.g. portrait and landscape are included. If the channel cluster locates within the blockage area, that is  and , the additional 30 dB shadowing will be caused.
[bookmark: _Ref450595253][bookmark: _Ref450595211]Table 1: Parameters for the near-field blocker
	
	() 
	
	
	Loss (dB)
for InH/ UMi/UMa

	Portrait UE layout
	( 260o  100o)
	120o
	80o
	30

	Landscape UE layout
	(40o  110o)
	160o
	75o
	30


The existent period of hand-held blockage needs to be considered to emulate different scenarios. When the mobile phone is laid down on the table for movie or app downloading, there is no hand-held blockage. While the mobile phone is held by subscriber for real time operation, the hand-held blockage exists. The existent period of hand-held blockage can be built as a random with exponential distribution, or a uniform distribution within a time limited range.  Or for simplicity, a discrete random variable  can be introduced to define whether hand-held blockage is applied on one given UE or not during the whole traffic transmission of this UE.
The remaining (K-1) blockers are modelled as multiple angular blocking regions due to surrounding dynamic objects, e. g. vehicle, or human. If the channel cluster locates within the blockage area, that is  and , the additional shadow fading of these blockers can be calculated based on the knife edge model as equation (2-1) and equation (2-2).
In order to simulate the impact of blockage, the system level simulation is performed, where the angular parameter for near-field blocker is shown in the Table 1, and the angular parameter for the remaining blockers is shown in the Table 2.
[bookmark: _Ref450597708]Table 2 Simulation Assumptions 
	Parameter
	Value

	Carrier frequency
	28GHz

	Blocker Centre
 ()
	 is randomly and uniformly generated within [0 ], , 

	AoD span, A 
	0.3

	ZoD span, Z
	0.85

	Number of clusters
	5

	Outdoor to indoor percentage
	0


Without near-field handheld blocker, when one blocker moves into the LOS region of one channel cluster, the additional gain can be obtained owning to the reflection of the blocker. After the blocker moves into the shadow region of the channel cluster, it then causes additional attenuation. Increasing K from 1 to 4, the channel link of more UEs will be affected by blockers, where the maximum additional shadowing can reach -13dB.  While with near-filed handhold blocker, the additional shadowing fading can reach -30dB when the strongest LoS cluster has been blocked.
[image: ]
Figure 4: The additional shadowing of caused by blockers
Proposal 7:  The existent period of hand-held blockage can be modelled as a random variable with exponential distribution or uniform distribution. Or for simplicity, the existence/absence of hand-held blockage can be modelled as a discrete event for a given UE during the whole traffic transmission of this UE.
5. The spatial consistency of blockage
  The spatial consistency need to be built for the blockers caused by surrounding dynamic blocking objects, e. g. vehicle, or human, so that close UEs will experience similar blockage effect. Instead of map-based blockage model, which involves high complexity, the spatial consistency of blockage can be generated using the same method for spatial consistency in the TR 38.900. Similarly as [6], which has been agreed, the position of blockers, e.g. the centre, can be calculated based on the spatially correlated variables. For instance, generate a random variable  with spatially consistent uniform distribution, and associate it to the azimuth center of the blocker by .
  The coherent distance to generate the spatially consistent blocker need to be defined, which can be scenario dependent. For the indoor scenario with smaller ISD, the objects locate closer to each other, then a smaller coherent distance is reasonable, e.g. 5 meter. While for the wider coverage scenario, e.g. UMi/UMa/RMa, the objects can randomly distribute around a wider area, so a larger coherent distance is feasible, e. g. 10meter. 
 Proposal 8:  The coherent distance to generate spatially consistent blockers need to be defined. It can be generated as the scenario dependent value, e.g. [5] meter for indoor scenario, and [10] meter for UMi/UMa/RMa. 
6. Summary
In this contribution, we provided missing details for the blockage model based on agreed blockage model in RAN1 channel model ad hoc meeting. Our proposals for the meeting details are recapped as:
Proposal 1: The additional shadowing of one blocker should consider the link between the transmitter and the blocker for indoor scenario as in equation (2-1).
Proposal 2: When calculating the additional shadowing on the LoS channel cluster, the blocker model including center and span, can still be built in the receiver’s polar coordinate system. Then the blocker model in the transmitter’s coordinate system can be derived by center (), azimuth angular span ,  zenith angular span .
Proposal 3: For NLoS channel cluster, a virtual transmitter can be assumed at the extension line of AoA/ZoA.
Proposal 4: The additional shadowing on the NLoS channel cluster can be calculated based on the link between virtual transmitter and receiver in the same way as LoS channel cluster.
Proposal 5: The distance between the virtual transmitter and the blocker can be randomly generated in the range of .
Proposal 6: The definition of LoS/Shadow region can be clarified, e.g. using figure 3, for knife edge model.
Proposal 7:  The existent period of hand-held blockage can be modelled as a random variable with exponential distribution or uniform distribution. Or for simplicity, the existence/absence of hand-held blockage can be modelled as a discrete event for a given UE during the whole traffic transmission of this UE.
Proposal 8:  The coherent distance to generate spatially consistent blockers need to be defined. It can be generated as the scenario dependent value, e.g. [5] meter for indoor scenario, and [10] meter for UMi/UMa/RMa. 
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