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1. Introduction
At the RAN#69, a study item (SI) for channel modelling of frequency spectrum above 6 GHz was approved [1]. In the following RAN1#84, Stochastic methodology has been agreed as working assumption for the channel modelling for above 6GHz. Based on that, we present the consideration of large scale fading modelling from a group of companies in this paper. 
2. Modelling of LOS/NLOS probability
The definition of LOS used in this paper is discussed together with other LOS models.  The LOS state is determined by a map-based approach, i.e., by considering the transmitter (AP) and receiver (UE) positions and whether any buildings or walls are blocking the direct path between the AP and the UE. The impact of objects not represented in the map such as trees, cars, furniture, etc. is modelled separately using shadowing/blocking terms. An attractive feature of this LOS definition is that it is frequency independent, as only buildings and walls are considered in the definition.  
The first LOS probability model considered, the d1/d2 model, is the current 3GPP/ITU model [3GPP TR36.873] [ITU M.2135-1]:
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where d is the 2D distance in meters and d1 and d2 can both be optimized to fit a set of data (or scenario parameters).
The next LOS probability model considered, the NYU (squared) model, is the one developed by NYU in [Samimi 2015]:
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where again d1 and d2 can be optimized to fit a given set of data (or scenario parameters).
An investigation into the LOS probability for the UMa environment was conducted using all of the UMa measured and ray tracing data listed in the appendix.  In addition to comparing the two models considered above with optimized d1 and d2 values, the data was also compared to the current 3GPP UMa LOS probability model (eqn (1)) for a UE height of 1.5 m with d1=18 and d2=63.  A summary of the results is given in Table 1 and the three models are compared to the data in Figure 1.  In terms of mean squared error (MSE) between the LOS probability from the data and the models, the NYU (squared) model had the lowest MSE, but the difference was small. Given that the current 3GPP UMa model was a reasonable match to the data and included support for 3D placement of UEs, it is recommended that the current 3GPP LOS probability model for UMa be used for frequencies above 6.0 GHz.  The 3GPP Uma model specifically is [3GPP TR36.873]:
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where hUT is the height of the UE in m and:
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Note that for indoor users d is replaced by the 2D distance to the outer wall.
Table 1. Comparison of the LOS probability models for the UMa environment
	
	d1
	d2
	MSE

	3GPP UMa
	18
	63
	0.020

	d1/d2 model
	20
	66
	0.017

	NYU (squared)
	20
	160
	0.015
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Figure 1. UMa LOS probability for the three models considered.
For the UMi scenario, it was found that the 3GPP LOS probability formula [3GPP TR36.873] is sufficient for frequencies above 6 GHz. The fitted d1/d2 model in (1) provides better fitted model, however, the errors between the data and the 3GPP LoS probability model over all distances are small.  That formula is the same as (1) with d1=18 m and d2=36 m with d being replaced by the 2D distance to the outer wall for indoor users.  Note that the 3GPP UMi LOS probability model is not a function of UE height like the UMa LOS probability model.
Table 2. Comparison of the LOS probability models for the UMi environment
	
	d1
	d2
	MSE

	3GPP UMi
	18
	36
	0.023

	d1/d2 model
	20
	39
	0.001

	NYU (squared)
	22
	100
	0.026
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UMi Street-Canyon data (based on ray-tracing)

3GPP UMi model (d1=18, d2=36)      RMSE = 0.023

Fitted (d1/d2) model (d1=20, d2=39) 	 RMSE = 0.001NYU squared model (d1=22, d2=100) 	 RMSE = 0.026


Figure 2. UMi LOS probability for the three models considered.
Since the 3GPP 3D model [3GPP TR36.873] does not include an indoor scenario, and the indoor hotspot scenario in e.g. the IMT advanced model [ITU M.2135-1] differs from the office scenario considered in this SI, an investigation on the LOS probability for indoor office has been conducted based on ray-tracing simulation, e.g., [Jarvelainen2016]. Different styles of indoor office environment were investigated, including open-plan office with cubical area, closed-plan office with corridor and meeting room, and also hybrid-plan office with both open and closed areas. It has been verified that the following model fits the propagation in indoor office environment best of the three models evaluated. 
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(6)
The verification results are shown in Table 3 and Figure 3. The LOS probability model used in ITU IMT-Advanced evaluation [ITU M.2135-1] and WINNER II [WINNER II D1.1.2] are also presented here for comparison. For the ITU and WINNER II model, parameterization results based on new data vary a lot from the original model. The results show that the new model has a good fit to the data in an average sense and can be used for 5G InH scenarios evaluation. However, note the high variability between different deployments and degrees of openness in the office area.
Table 3. Comparison of the LOS probability models for the InH environment
	Models
	Original
	Updated/New
	MSE

	ITU model
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	0.0499 

	WINNER II model (B3)
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	0.0572 

	WINNER II model (A1)
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	0.0473

	New model
	N/A
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Figure 3. Indoor office LOS probability for three models considered
Proposal-1: For UMi – Street Canyon and UMa, Current 3GPP LOS probability model in [3GPP TR36.873] can be used for frequencies above 6.0 GHz.  
Proposal-2: For Indoor office (Mixed Office), LOS probability should be determined using below formula: 
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3. Summary
In this contribution, we give our view on the large scale parameter modelling with the following proposals:
Proposal-1: For UMi – Street Canyon and UMa, Current 3GPP LOS probability model in [3GPP TR36.873] can be used for frequencies above 6.0 GHz.  
Proposal-2: For Indoor office (Mixed Office), LOS probability should be determined using below formula:
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