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1. Introduction
Based on pure geometrical considerations it is evident that the probability of LOS depends on the UE height, at least for macro links. This contribution addresses the issue of LOS probability models for 3D-channels by exploiting ray tracing techniques for a synthetically generated city. 
2. Modeling of LOS/NLOS State
To investigate how LOS/NLOS state depends on UE height, a geometric 3D model of a city was developed, roughly corresponding to the assumptions in the calibration scenarios. The city model incorporates streets/avenues and with a building height uniformly distributed between 15 and 25 m. The average building height is thus 20 m, which matches well to the building height assumed in the existing UMa/UMi models. Base stations were placed at building corners; macros 5 m above rooftops and micros 10 m above ground and a total of 125 base station locations were used. Also these heights match the UMa and UMi assumptions quite well. 
Observation

· A synthetic geometric model of a city was generated to investigate how LOS/NLOS state varies with UE height

In this synthetically created model of a city, UEs were placed at building facades. The LOS/NLOS state for each UE was then determined purely from geometrical considerations using ray tracing, although the ray tracing is in this case much simpler than usual since it only involves determining whether any buildings collide with a straight line going from the base station to the UE so there are no modeling errors to consider unlike general ray tracing. For the special case of LOS determination, ray tracing is actually a highly suitable method that in many ways is preferable over real measurements, which typically can only collect quite limited data. 
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Figure 1: Synthetically generated city with the UEs on the building facade in LOS to the base station (marked with a star) are marked with red dots.
Observation
· Ray tracing based techniques were used to determine whether a UE is in LOS or not

· Ray tracing for LOS determination is preferred over measurements because of possibility to generate sufficient amount of data
A picture of the generated city is shown in Figure 1. One of the macro base stations is there marked with a star and the UEs that are in LOS with that base station are marked with red dots. Clearly, and as expected, it is seen that UEs high up in the buildings have a much greater chance in being in LOS conditions than for UEs closer to ground level. This was also observed in [12] . 
The strong height dependence of the LOS model is further verified by collecting all the realizations of LOS/NLOS state and based on those compute the probability for a UE at a certain distance and height to be in LOS. The results are shown in Figure 2 for macros and micros respectively. It is seen that for micros there is not much of height dependence, which is to be expected for the considered type of city architecture with rather similar building heights. It is also seen that the current LOS probability function for UMi is well-matched to the computed LOS probabilities. Inspecting the left graph reveals a clear height dependence for the macro base stations and it also seen that current LOS probability function for UMa 
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is accurate in predicting the LOS probability for UE on ground level, again confirming the validity in the assumed city architecture. However, the UMa LOS probability function fails in accurately representing the correct LOS probability for UE heights above around 13 m. The error in the model is substantial and for many of the UE heights beyond 100 m the error is above 50%. 
Observation

· LOS probability for above rooftop macros has a clear height dependence not captured by the existing UMA LOS probability function

· LOS probability for below rooftop micros shows good match with the existing height independent UMi LOS probability function
Proposal

· LOS probability function for UMa needs to be modified taking UE height into account
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Figure 2: Computed LOS probability as function of distance for a number of different UE heights. Left graph is for macros and right graph for micros.

Curve fitting techniques applied to the computed probability curves in Figure 2 were employed to try to come up with an analytical expression of a more accurate LOS probability function. This resulted in the following formula
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which introduces a slight modification to the formula by means of the height compensation term 
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. This modified LOS probability function corresponds to the dotted curves in Figure 3 and is seen to provide a quite good match.
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Figure 3: LOS probability as a function of distance and for different UE heights. Dotted curves correspond to proposed modification of the LOS probability function.

Proposal
· Consider adopting the above modification for introducing UE height dependency to the LOS probability function for UMa in a baseline scenario with 20 m average building height
· LOS probability for UMi is not UE height dependent
3. Conclusions

This contribution carried out a ray tracing simulation in a synthetically generated urban environment to investigate how the LOS probability depends on distance and UE height. Based on the results we observed that
· LOS probability for above rooftop macros has a clear height dependence not captured by the existing UMA LOS probability function

· LOS probability for below rooftop micros shows good match with the existing height independent UMi LOS probability function
and thus we propose
· LOS probability function for UMa needs to be modified taking UE height into account
· Consider adopting the above modification for introducing UE height dependency to the LOS probability function for UMa in a baseline scenario with 20 m average building height

· LOS probability for UMi is not UE height dependent
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