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1. [bookmark: _Ref301342314]Introduction
The LoS probability model depends on details of operating scenarios such as transmitter antenna height, density and height of surrounding buildings and material of any obstacles. The definition of LoS is discussed with several LoS model. The LoS state is determined by map-based approach. The transmitter (BS) and receiver (MS) positions and whether any buildings or any obstacles are blocking the direct path between the BS and the MS. The influence of objects not represented in the map such as trees, streetlamps, signs, or cars are modelled using blocking terms.
Discussion on LoS Probability
The LoS probability model will need to be developed across the wide range of frequency bands and for operating scenarios. Two LoS model have been considered in the literature: namely, the  model, is the current 3GPP/ITU model[1][2], and the square model, is the one developed by NYU model[3].
The first LoS probability model considered, the  model,
							(1)
where d is the 2D distance in meters and  and  can both be optimized to fit a set of data or the operating scenarios.
The next LoS probability model considered, the square model,
							(2)
where again d is the 2D distance in meters and  and  can both be optimized to fit a set of data or operating scenarios.
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Figure 1. The map of investigation area in Tokyo, Japan

In Figure 1, it can be seen that the map of investigation area in Tokyo. The red circle is BS points. By using measurement data on Docomo, The LoS probability is analyzed by the measurement data. The LoS probability model depends on BS/MS antenna height and kind of antenna. BS antenna height is 10m, MS antenna height is 2.5m in Tokyo. The kind of BS and MS antenna are sleeve antenna type. 
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Figure 2. LoS probability for the two models in Tokyo

In Figure 2, it can be seen that the  model is more suitable than the square model in Tokyo UMi scenario. Also, the RMSE of  model is smaller than the square model in Tokyo. A summary of the results of the two LoS models are given in the Table 1.

Table 1. Comparison of the LoS probability with Tokyo
	
	
	
	RMSE

	Fitted  model
	21
	39
	0.018

	Square model
	16
	126
	0.039



In Table 1, it can be seen that RMSE of the  model is smaller than the square model in Tokyo UMi scenario. RMSE of the square model is bigger than RMSE of the  model over two times.

Table 2. Comparison of the LoS probability with the various environments
	
	
	
	RMSE

	Fitted  model in New-york and Tokyo
	23
	60
	0.047

	Square model in New-york and Tokyo
	25
	141
	0.042

	Fitted  model in New-york, Tokyo and Daejeon
	21
	50
	0.031

	Square model in New-york, Tokyo and Daejeon
	22
	123
	0.022



In Table 2, it can be seen that RMSE of the the  model is little larger than the square model. The different of each RMSE is under one percent. RMSE of the  model is smaller or a little larger than RMSE of square model according to environment of measurements. Because of that, the  model using for an existing don’t need to change.

For the UMi scenario, the LoS probability was found that the 3GPP LoS probability formula is sufficient for frequencies above 6GHz[1]. But the fitted  model in (1) provides better other fitted model. That formula is the same as (1) with  and  with d being replaced by 2D distance. The three models are compared to the data in Figure 3 and table 3[4].

Table 3. Comparison of the LoS probability for the UMi
	
	
	
	MSE

	3GPP UMi
	18
	36
	0.023

	Fitted  model
	20
	39
	0.001

	Square model
	22
	100
	0.026



The table 3 show MSE of the  model is smaller than MSE of the square model in UMi scenario. Also, MSE of the 3GPP UMi LoS model is a litter smaller than MSE of the square model in UMi scenario. So the current LoS model has small error over all distance in total UMi scenario.
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Figure 3. UMi LoS probability for the three models

In Figure 3, it can be seen that MSE of the 3GPP UMi LoS model and the fitted  LoS model are smaller than MSE of the square model in the total UMi scenario. The 3GPP UMi model is special case in sub-model of the  model. So the fitted  model provides better other fitted model.

The  model is suitable than square(NYU) model in the UMi scenarios. Because the MSE of  model is more smaller than square(NYU) model in various UMi scenarios.

Proposal 1: For UMi scenarios, reuse 3GPP 3D LoS probability models

Conclusions
Based on the discussions the following way forward is proposed,
Proposal 1: For UMi scenarios, reuse 3GPP 3D LoS Probability models.
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Tokyo Data

D1D2 RMSE = 0.018

NYU RMSE = 0.039


