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1. Introduction
A study item (SI) on channel model for frequency spectrum above 6 GHz was approved [1] in plenary meeting RAN#69. A way forward on channel modelling methodology was agreed as working assumption where the stochastic modeling methodology used for the 3D spatial channel model [3] is considered as baseline. In this document we discuss the LOS probability for >6GHz channel modelling.  

2. Discussion
For the radio Line-of-sight propagation, it does not simply mean that from one site you can see the other. When the distance exceeds the given length, the following factors need to be considered: the curvature of the earth, Fresnel Zone clearance and atmospheric refraction. Then the LOS propagation is the radio trasmission across a path without the physical obstacles in the innermost Fresnel zone. Fresnel zones are concentric ellipses (1, 2, 3) centred on the direct transmission path (AB). The first Fresnel zone is such that the difference between the direct path (AB in the figure below) and an indirect path that touches a single point on the border of the Fresnel zone (ACB) is half the wavelength. If a significant portion of the Fresnel zone is obstructed the received signal strength at the receiving antenna can be greatly attenuated. 
[image: ]
Fig. 1 concept of Fresnel zone

For establishing Fresnel zones, first determine the RF Line of Sight (RF LoS), which in simple terms is a straight line between the transmitting and receiving antennas. Now the zone surrounding the RF LoS is said to be the Fresnel zone. The general equation for calculating the Fresnel zone radius at any point P in between the endpoints of the the transmitting and receiving antennas is the following:


where,

 is the nth Fresnel Zone radius in metres.

 is the distance of P from one end in metres.

 is the distance of P from the other end in metres.

 is the wavelength of the transmitted signal in metres.

So we can see the LOS propagation is influenced by the radio frequency, not only by distance. Especially for high frequency wireless channel, the first Fresnel zone is smaller due to the higher frequecy and the smaller wavelength.

From another point of view, the more obstacles (due to more small objects) will reduce the LOS propagation for the signal above 6GHz, e.g. books, telephones etc for indoor sinarios and trees, cars etc for outdoor scenarios. As discussed above, smaller objects also pose as obstacles in high frequencies, it can be observed that the LOS probability is dependent on frequency. 

For the wireless channel below 6GHz, the LOS probality is frequency independent [2]. In the white paper [3], the LOS state is determined by a map-based approach. Since only buildings and walls are considered in the definition the LOS definitioin is same as in [2]. So the LOS probability model is only dependent on distance, but the formula and the distance value need to be optimized.

The high frequency signal has the small wavelength and poor diffraction for a given scenarion. In order to obtain the accurate channel model for frequency spectrum above 6 GHz, the smaller objects should be considered in the LOS definition, e.g. obstacle of books, telephones etc for indoor sinarios and trees, cars etc for outdoor scenarios should be considered in LOS probability modelling. 

However, to maintain consistency with TR36.873, the LOS probability can be modelled as frequency independent. However, the influence on the LOS propagation state from smaller obstacles mentioned above should be explicitly modelled in blockage probability. For UMa and UMi scenarios, the existing LOS probability [3] can be applied; for indoor scenario the proposed LOS probability [4] can be taken as starting point.

3. Conclusion	

In this contribution, we discussed the LOS probability for frequency spectrum above 6 GHz. Our proposal is as follows:
Proposal 1: Radio frequency is one of the factors that affect the LOS propagation between Tx and Rx antennas. If the size of obstacle is large enough such that first Fresnel zone is significantly blocked, the obstacle should not be ignored in LOS probability feature for higher frequency wireless channel. However, to maintain the consistency with TR36.873, this impact can be modelled as blockage probability.
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