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1. Introduction
In RAN#69 meeting, the SID for above 6 GHz channel modeling was approved in [1]. As part of the study, an e-mail discussion has been conducted focusing on analysis of channel modeling activities outside of 3GPP, interested scenarios, frequency bands, modeling methodologies and additional features [2]. In this contribution, we discuss some new features which should be captured in the new channel model, i.e., necessary new features.
2. Discussion on necessary new features 
In the email discussions [2], multiple features are proposed to be captured in the >6GHz channel model. Among them, the blockage model and spatial consistency are the features very related with the challenges in the future deployments of high frequency transmission. Thus we give more discussions and proposals as below.
High frequency transmission will experience much higher propagation loss than frequencies below 6GHz. Thus, massive MIMO/large array and beam forming are used to deal with higher propagation loss.  But due to the narrow beam width of massive MIMO, the beam forming are very sensitive to the change of environments, such as scatter and receiver movements and blockage of any transmission directions. Without spatial consistency and blockage modeling, beam tracking performance evaluation cannot properly reflect the performance in real environments. Therefore, it is proposed to introduce at least spatial consistency and blockage model for high frequency channel model.
2.1. Blockage model
The blockage model mainly describes the phenomenon that due to the stationary or moving objects standing between the transmitter and receivers, some of the transmission paths are blocked and additional losses are induced. The objects could be single human body, crowds of people, vehicles and other objects. And the reason for the blockage could be either the objects’ movement or the receiver (UE)’s movement, which introduces temporary blockage between transmitter and receiver. The motivation for introducing blockage is to evaluate the performance impact of a gradual or sudden additional loss in time domain, and the identify solutions on how to alleviate the impact and how to re-establish the traffic or connections in future technology SI.
Normally the blockage due to fixed or stationary objects could be covered in NLOS cases. And usually the objects are buildings. In higher frequency, blockage is necessary in addition to NLoS model, because much smaller objects such as cars, trucks and light poles can impact pathloss in mmW band, which implies much dynamic change of pathloss than NLoS cases.
There are several issues should be considered if blockage models are introduced. The first one is what kinds of objects will induce the blockage in scenarios. The second is how much losses will be introduced. The third is how much probability will the blockage happens. The fourth is which level should the blockage introduced, large scale or small scale. And this means that should the blockage be modeled as a static shadowing or just blockage some direction of the clusters.
Proposal 1:
Blockage model should be introduced to facilitate the evaluation of beam tracking and beam re-establishment in high frequency. The following points need to be discussed in the blockage model.
· How much loss should the blockage introduce?
· In what probabilities will the blockage happen.
· In which level should the blockage model be introduced, large scale or small scale.
For the indoor cases, the most typical case is that people go across the line of transmitter and receivers. And the transmission or the beam is blocked by the human body. People who pass though TXer and RXer will induce additional loss due to human body blockage. But this additional loss varies depending on the relative direction of body and transmission direction. In the figure below, we give the measurement results of human blockage.
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Figure 1 the loss of human blockage 
The second typical case should be considered in the office scenario is that UE moves behind of some objects, which would induces some blockage.
For the outdoor scenarios such as UMi open square and street canyon, the blockages are induced by not only human passing by, but also vehicles and other stationary blockage, e.g. foliages, light poles. The vehicle blockage will introduce much higher block loss than human body. And the foliage and light polar could also induce additional loss when UE move behind those objectives. 
Proposal 2:
In indoor office scenarios, human body should be the main cause of blocking loss. In the UMi and other outdoor scenarios, vehicles, foliages and light poles should be also considered. Measurements are necessary to identify blockage loss, probability and time granularity.
2.2. Spatial consistency 
The spatial consistency is the channel characteristic that is correlated in spatial domain.. When the UE moves or the scatters surrounded move, the channel should be changed. This change should be smooth and correlative in time and spatial domain.  And this feature is to facilitate the evaluations of beam tracking where the beam should follow the movements of UE and adjust the beam according to the environments. Moreover, for the UEs located closely, there should be strong correlations between their channels. Thus this feature could also facilitate the evaluation of multi-user MIMO performance. The spatial consistency is to model the smooth changes of environment of UEs and the strong correlations between close-located UEs, and finally facilitate the evaluations of beam tracking and MU-MIMO performance.
To evaluate beam tracking, the procedure that the beam follows UE’s movement should be reflected in the channel model. This requires that the angle of arrival and departure should be changed according to the movements of UE or scatterers. Furthermore, during the movement of UE, the paths or the clusters which are used for transmission or beam forming could be changed. Some of the paths could disappear gradually and some may newly emerge. This kind of phenomenon requires UE and Base station adjust their codeword. But in the 3GPP 3D channel model [3], the AOA and AOD are fixed at the beginning of each drop of simulation. It cannot simulate the change of the environments in the static or semi-static simulations. And thus it cannot support the evaluation of beam tracking. 
The second issue is that the strong correlations should be reflected when 2 UEs are located closely. Though the correlation distance in 3D channel model has already been considered, the correlations in small scale are still not. MU-MIMO performance may be greatly impacted if correlation in small scale is introduced.
Proposal 3:
Spatial consistency should be introduced, to facilitate the evaluation of beam tracking and multi-user MIMO performance
· The change of angle of arrival and departure should be introduced to modeling UEs’ or the scatters’ movements
· Strong correlations for near located UEs should be introduced.
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Figure 2 28GHz angle of arrival in indoor office
Figure 2 is from the 28GHz angle measurements in an indoor office. The red triangle represents the transmitter location. And the blue polar figure represents the received power from different azimuth at each location. The distance between each column in horizontal is about 5m. And the distance between each point in one column is around 6m. It could be observed that signal powers could be received from multiple directions. At each location, a LOS lobe could be observed that it always points to the transmitter. Besides that, other lobes could be observed that most of them are from the reflection of walls and pillars. 2-5 or even more lobes could be observed in each location. When the location of RXer moves from one location to another, not only the direction of main lobe changes, but also some of the lobes disappear and some are newly born. 
The initial thinking to reflect the change of angle is to modify the theta and phi in the channel model function. 
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For the los path the AOA and AOD should follow the movement of UE and points to the transmitter directly. And for the other non-line-of sight paths, the directions should base on the assumption of scatter locations.
Proposal 4:
To model the spatial consistency, the change of angles of arrival and departure should be introduced. The angle of LoS path should point to transmitter. NLOS paths should be based on the assumption of scatter locations.
3. Conclusions

Based on the discussions in clause 2 the following is proposed.
Proposal 1:
Blockage model should be introduced to facilitate the evaluation of beam tracking and beam re-establishment in high frequency. The following points need to be discussed in the blockage model.
· How much loss should the blockage introduce?
· In what probabilities will the blockage happen.
· In which level should the blockage model be introduced, large scale or small scale.
Proposal 2:
In indoor office scenarios, human body should be the main cause of blocking loss. In the UMi and other outdoor scenarios, vehicles, foliages and light poles should be also considered. Measurements are necessary to identify blockage loss, probability and time granularity.
Proposal 3:
Spatial consistency should be introduced, to facilitate the evaluation of beam tracking and multi-user MIMO performance
· The change of angle of arrival and departure should be introduced to modeling UEs’ or the scatterers’ movements
· Strong correlations for near located UEs should be introduced.
Proposal 4:
To model the spatial consistency, the change of angles of arrival and departure should be introduced. The angle of LoS path should point to transmitter. NLOS paths should be based on the assumption of scatter locations.
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