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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 path loss in indoor and outdoor settings. 
The path loss exponent (PLE) and shadow fading standard deviation have been well-studied [3], [4]. Two major models of interest are the close-in reference frequency-dependent (CIF) model and Alpha-Beta-Gamma (ABG) model. This contribution focusses on a comparison between these two models with indoor measurements. We show that the CIF model is better than the ABG model for model stability reasons as well as in terms of predictive power. 
Model details   
The first is the CIF model which is given as:



where f is the frequency in Hz, n is the PLE, d is the distance in m,  is the shadow-fading term, and the free-space path loss at 1 m FSPL(f, 1 m) is given as:


where c is the speed of light. The second path loss model is a floating-intercept model, the ABG model which is given as: 



where  captures how the PL changes in distance,  is an optimized offset value in dB,  captures how the path loss changes in frequency, and  is the shadow-fading (SF) term.  Note that the ABG model could be recast as an alpha-beta (AB) model by removing the gamma term if the equation is only used for a single frequency.
In the CIF model, only a single parameter, the PLE, needs to be determined and it can be found by minimizing the SF standard deviation over the data set.  What distinguishes the CIF model is that there is an anchor point, the FSPL at 1 m, which captures the frequency-dependency of the PL and provides a physical basis for this model.  In the ABG model there are three parameters which need to be determined and they are chosen to minimize the SF standard deviation over the data set like the CIF model.  However, since there are three parameters in the ABG model compared to only one in the CIF model, the ABG model should always have a lower SF standard deviation than the CIF model over the data set. 

Measurement results 
Measurements are obtained at 2.9, 29 and 61 GHz in a typical indoor office setting. The channel sounder and measurement description for our campaign is provided in more detail in [4]. Based on the measured path loss, the CIF and ABG models are fitted to the data and Figure 1 shows the path loss fits with these two models (CIF on the left and ABG on the right). 
[image: ][image: ]
Figure 1. CIF vs. ABG model comparisons at 2.9, 29 and 61 GHz in an indoor office setting. 
In the next study, path loss data from 2.9 and 29 GHz are used to study the predictive power of the CIF and ABG models as well as the stability of the model parameters so obtained. In this study, data is separated into two pieces: a measurement set corresponding to distances [dmax +d, ∞) where the PLE/ABG parameters are learned, and a prediction set corresponding to distances [0, dmax) where the path loss parameters learned with the measurement set are used to estimate the shadow fading standard deviation. Figure 2 (left) illustrates this standard deviation as a function of d with dmax = 10 m. We note that the CIF model is better at all distances at both 2.9 and 29 GHz, even though the ABG model is slightly better at shorter distances at 2.9 GHz. In Figure 2 (right), the learned PLE parameters are plotted for the two models as a function of d. Clearly, from this study the CIF model parameters are more stable at all distances. In comparison, the ABG model parameters vary quite dramatically with distances. 
[image: 3GPP_fig_prediction_with_distances_CIvsABG][image: 3GPP_fig_parameters_with_prediction_CIvsABG]
Figure 2.	SF standard deviation (left) and parameters (right) of the two models for prediction in distance when the prediction set is close to the transmitter.


Proposal 
Based on the studies in this contribution, the following proposal is made: 
While the CIF and ABG models lead to comparable fits in modeling the path loss, the ABG model is poorer than the CIF model on two counts: i) more parameters are used in the ABG model than the CIF model, ii) the ABG model is more unstable than the CIF model in predictive power. Thus, the CIF model should be used for capturing path loss in >6 GHz channel modeling.  
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