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In the February 2016 RAN WG1 meeting, it was decided that the requirements, scenarios, methodologies and additional features needed for above 6 GHz channel modeling be investigated [1], [2]. As a part of this study, this contribution focusses on modeling the LOS probability in indoor and outdoor settings. 
Based on extensive studies with ray-tracing data in a typical indoor office setting (Qualcomm building in Bridgewater, NJ) and a typical outdoor street canyon setting (NYU campus in Manhattan), this contribution shows that a slight modification of the current (existing) 3GPP ITU model with appropriate parameter modifications is sufficient for capturing the LOS probability in both settings. Further, this modified 3GPP ITU model has a natural intuitive explanation which other contender models lack. Thus, the modified 3GPP ITU model with appropriate parameter modifications should be considered for above 6 GHz channel modeling efforts. 
Models considered 
We consider the following set of indoor and outdoor measurements for LOS probability modeling. For the indoor case, ray-tracing measurements made on the third floor of the Qualcomm building in Bridgewater, NJ, USA, with dimensions of 75 x 40 x 2.68 m are considered. The third floor represents a typical and modern office environment in the USA. It is comprised of cubicles along the edge of the floor plan and walled offices and conference rooms towards the center. Ray-tracing measurements were made from 5 transmitter locations and 47,017 receive locations. Out of these 47,017 transmit-receive location pairs, 2,314 (or roughly 5%) contain a LOS path with an approx. 18% and 7% likelihood of finding LOS paths at 5 and 10 m distances, respectively. 
For the outdoor case, ray-tracing data from the NYU campus in Manhattan (located north of Washington Square) corresponding to a two square kilometer area around 12 different transmit locations are considered for LOS probability modeling. This scenario corresponds to a typical outdoor street canyon-type setting. Out of a total of 1.2 million transmit-receive location pairs in the outdoor setting, 194,514 (or roughly 16%) contain a LOS path with an approx. 83% and 57% likelihood of finding LOS paths at 50 and 100 m distances, respectively. Most of the LOS path scenarios correspond to receiver locations that are on the same street/thoroughfare as the transmitter and hence this is an important effect to be captured by any useful model. 
It is important to note that ray-tracing is a valid and useful approach in studying model fits for LOS probability since ray-tracing captures the impact of buildings and main street features (in the outdoor case) and internal office geometry such as doors, hallways, cubicles (in the indoor case) on the existence or lack of a LOS path. Further, ray-tracing also allows placement of the transmitter at arbitrary heights allowing the simulation of a transmitter located on a raised lamp post, in a pole/fitting in the side/middle of a road, in the ceiling or a raised location in the office building, etc. 
We consider the following six models for the probability of finding a LOS path as a function of distance:
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Note that the ITU-I model can be rewritten as: 
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where the first part in the above expression captures the probability of a LOS path when the receiver is in the same main street/thoroughfare that contains the transmitter, and the second part captures the probability of a LOS path when the receiver is not in the main street that contains the transmitter. In the latter case, as the distance from the transmitter to the receiver increases, it is assumed that the effect of the intervening buildings that block the signal follows a regular spatial point process and this effect grows homogenously with distance. These two effects are assumed to be dominant in two distinct distance regimes (d < d1 for the former effect and d > d1 for the latter effect). The exponentially decaying term with a “distance constant” of d2 captures the effect of the intervening buildings. Thus, the ITU-I model can be intuitively viewed as capturing two distinct/independent effects that contribute to the existence/lack of a LOS path. 
The Modified ITU model is a simple one-parameter extension of the ITU-I model and thus carries the same intuitive meaning as the ITU-I model. The ITU-II model extends the ITU-I model by assuming that the two independent effects that lead to the ITU-I model occur independently and disjointly over distinct distance ranges (exponentially decaying LOS probability over d1 ≤ d ≤ d3 and main thoroughfare effect over d > d3). Naturally, the intuition from ITU-I model is lost here due to the separation of coupling between the two effects. The WINNER-II model is a capped version of the ITU-II model where the main thoroughfare effect is completely removed from the ITU-II model. On the other hand, the NYU model is a squared version of the ITU-I model and does not have the natural intuition that the ITU-I model possesses. Similarly, the exponential model does not carry a deep intuition into its structure. 
Results 
Model parameters are chosen for these six models to minimize the mean squared error (MSE) of the fits using a customized MATLAB-based non-linear least squares fitting approach. The resultant best-fit model parameters (for all the six models) and the corresponding MSEs are presented in Table 1. Note that the MSE captures only the mean deviation in terms of the model fit, but not the worst-case deviation. Thus, an additional metric denoted as the maximum absolute deviation and defined as MAD = maxi | PLOS(di) - Pmodel(di)|) is also presented in Table 1 for each of the six models. Other metrics such as weighted absolute deviation were also considered to capture the fit of different models. The results with this metric are similar in nature to those with MAD and are hence not presented here. Fig. 1 presents the true LOS probability data along with the different model fits in the indoor and outdoor settings. 
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Table 1: LOS probability fits with different models in indoor and outdoor settings. 
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Figure 1: Model fits for the LOS probability in (a) indoor and (b) outdoor settings. 
From Table 1, we note that while all the six models result in reasonable (and comparable) fits in both indoor and outdoor settings with low MSE values, the Modified ITU model with a “distance constant” corresponding to d2 of approx. 3 m (in the indoor case) and approx. 140 m (in the outdoor case) fits the data best. On the other hand, while the Modified ITU model results in the lowest MAD value in the indoor case, the ITU-I and NYU models lead to the lowest MAD values in the outdoor case. Nevertheless, the MAD value achieved with the Modified ITU model in the outdoor case is not significantly high (relative to the ITU-I or NYU models) to warrant a claim that the Modified ITU model leads to a “poor fit.” 
In addition, the following observations can be made. Relatively speaking, the exponential model leads to consistently poorer fits in both the indoor and outdoor settings (in comparison with the other five models). The fit with the NYU model reduces to the fit with the ITU-I model in both cases. In the indoor case, the Modified ITU model is similar to the ITU-II and WINNER-II models.
Conclusions
The main conclusions from our studies are: 
1) Most models result in comparable and reasonable fits for LOS probability for both indoor and outdoor settings by appropriate tuning of parameters.  
2) Nevertheless, a certain simple modification of the existing (current) 3GPP ITU model provides the best fit in terms of mean squared error and good fit for the maximum absolute deviation amongst all of six models considered in this contribution. 
3) Further, the 3GPP ITU model as well as its modification have a very simple and intuitive interpretation which other contender models lack. 
4) Thus, the modification of the existing (current) 3GPP ITU model should be actively considered for LOS probability modeling in the over 6 GHz channel modeling framework. 
5) Further, Qualcomm’s data on indoor and outdoor measurements should also be included in further studies that lead to development of a LOS probability model. 
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