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1	Introduction
[bookmark: _GoBack]This contribution presents our views on the path loss and the LOS probability for the Indoor industrial channel modeling. 

[bookmark: _Ref178064866]2	Path loss
In [1], we presented a comprehensive literature review of channel measurements for the indoor industrial scenario. Regarding the path loss it seems like many measurements show similar path loss characteristics in LOS. Therefore, it seems reasonable to use a common LOS path loss model for all four sub-scenarios. This can be motivated by the fact that LOS path loss is determined primarily from free space propagation, with some additional contributions due to reflections in walls and ceiling, e.g. wave-guiding, which causes the path loss slope to become smaller than 2. Such reflections are likely to be of similar probability fo all sub-scenarios. 
[bookmark: _Toc8386584]Use a common path loss model for LOS in all sub-scenarios
Possibly, the similarity of the path loss behavior could also be the case for NLOS, however some more detailed analysis of the path loss in each sub-scenario might be required. Therefore it may be prudent to start by deriving separate path loss models for the different sub-scenarios. However, if these turn out to be sufficiently similar it would be preferable to merge into a common NLOS path loss model.
At this point we do not expect the hall size to be a major factor in the path loss model, so as a starting point results from measurements in different size halls could be pooled. However, if the path loss behavior is very different for very small or very large halls then it may be best to restrict the hall size range in the scenario description so as to exclude such results. 
[bookmark: _Toc8386585]As a starting point, derive separate NLOS path loss models for the different scenarios, with the option to merge if the results are similar
An ABG-type path loss model with three parameters (intercept A, distance-slope B, and frequency slope G) is a good starting point. These parameters can be estimated using regression analysis using the reported path loss data from different sources. If (d,PL) data points are not directly available such points can be synthetically generated using the reported distance ranges and path loss models. Here one should be careful when aggregating data points from multiple sources, since the measurements can contain varying number of points and quality of measurements. Consider if it is possible to apply some weighting to take such factors into account, so that results from a few high-quality measurements are not drowned in the “noise” from many low-quality measurements.
[bookmark: _Toc8386586]Derive path loss models by fitting an ABG model to the data 
· [bookmark: _Toc8386587]Note: consider the scientific quality of the measurements by giving more weight to comprehensive and well-executed measurement campaigns

3	LOS probability
In [2], the LOS probability for two different industrial environments (“light industry” and “heavy industry”) is determined using ray-tracing. In both cases, a 50x50x9 m hall was simulated with a ceiling-mounted antenna in the center of the hall. These two cases correspond well with the two sub-scenarios with elevated BS antennas and low and high clutter density, respectively, that were agreed to be introduced in RAN1#96bis.
The resulting LOS probability functions are shown in Fig 1 below. It appears from Fig 1 in [2] that there were some internal walls which divided the factory hall in both cases, which may be the explanation for the drop to zero probability at about 35 m distance.

[image: ]
Figure 1	LOS probability curves (reproduced from [2])
To further investigate the LOS probability and its dependence on antenna heights and clutter, we have created a canonical scenario according to Fig 2. In this scenario, the blue columns represent clutter on the factory floor, where we assign an occupancy rate r (0>r>100%) that specifies the fraction of the floor area that contains clutter. The occupancy rate r is then also the probability that a clutter object is present at a certain position. 
As a calculation example, we assume that the clutter is 1 m wide and between 1-3 m high. We further assume hTX = 10 m and hRX = 1.5 m, i.e. corresponding to the sub-scenarios with elevated BS antenna. The LOS probability is determined by repeating the experiment of randomly distributing clutter according to a certain occupancy rate and averaging the LOS state vs distance. The results using these specific parameters are shown in Fig 3. 
[image: ]
Figure 2	Scenario for LOS probability experiments
[image: ]
Figure 3	Empirical LOS probabilities determined for the canonical industrial scenario. The smooth black curves represent empirical curve fits
The empirical curves in Fig. 3 readily lead themselves to fitting by an exponential function of the form  where r is the clutter density (10% = 0.1, 20% = 0.2 etc). The solid black lines in Fig. 3 comes from this function, which can be seen to be a very good fit to the experimental data. However, these curve fits are valid only for the specific antenna and clutter heights used in this particular experiment.
[bookmark: _Hlk7783977]For clutter-embedded antennas, where the height of the clutter is larger than the height of both Tx and Rx antennas, we can derive the LOS probability analytically as follows: assume that along a certain path of length  there are N locations where there may be an obstructing object present. If the typical width of such an object is , then . If we independently drop a cluttering object in each such location with probability r, then the probability that there are no objects blocking the LOS is . An example of the resulting LOS probability is given in Fig. 4. Thick lines are for  = 2 m and thin lines are for  = 3 m.

[image: ]
Figure 4	Analytical LOS probabilities for the scenario with clutter-embedded antennas. Thick lines are for  = 2 m and thin lines are for  = 3 m.

[bookmark: _Toc8386588]For clutter-embedded BS antennas, the LOS probability is given by , where r is the clutter density (10% = 0.1, 20% = 0.2 etc), and  is the typical clutter width

This analytical treatment can easily be extended also to the elevated BS case. From geometrical arguments we can easily deduce that the part of the 2D distance that is below the average height of the clutter, hclutter, is given by , compare Fig 5, so we can replace  with  in the LOS propability expression. This means that the LOS probability in this case is . 

[image: ]
Figure 5	Geometry of the canonical scenario with elevated BS antenna

[bookmark: _Toc8386589]For elevated BS antennas, the LOS probability is given , where r is the clutter density (10% = 0.1, 20% = 0.2 etc),  is the average clutter height,  is the BS height,  is the UT height, and  is the typical clutter size/width

For the spatial consistency of the LOS state it was agreed to use the “soft LOS” (clause 7.6.3.3 in 38.901) as the starting point. For soft LOS, the correlation distance of the LOS state should be specified, compare Table 7.6.3.1-2 in 38.901. This correlation distance will depend on the layout and on the typical sizes of the objects representing the clutter. Hence, we may define a parameter for the average size of the clutter and use the value of this parameter also for the correlation distance. For consistency with the LOS probability, we can use the same parameter  as proposed above.
[bookmark: _Toc8386590]For the autocorrelation distance of the LOS state, use , where  is the typical clutter size/width (note: same parameter as proposed for the LOS probability function)

Cross-correlations of the LOS state between links from one UT to different BS can be important for positioning evaluations. For instance, if the cross-correlation is low (zero) then it is likely that at least some base stations are in LOS which can result in better position estimates. However, if the cross-correlation is high some UTs may be in NLOS from all base stations resulting in worse position estimates. Quantifying the cross-correlation may be difficult, but from reasoning we can understand that links to base stations in the same direction should be more likely to be correlated than links to base stations in different directions. One can therefore consider a correlation model that depends on the angular difference of the two base stations as seen from the UT. Similar observations on the cross-correlation of the shadow fading was made in [3], which could serve as an inspiration for such a model.
[bookmark: _Toc8386591]Consider modeling the cross-correlation of the LOS states for different BS-UT links as being a function of the angular separation of two BS as seen from the UT 

Conclusion
Based on the discussion in the previous sections we propose the following:
1. Use a common path loss model for LOS in all sub-scenarios
1. As a starting point, derive separate NLOS path loss models for the different scenarios, with the option to merge if the results are similar
1. Derive path loss models by fitting an ABG model to the data 
4. Note: consider the scientific quality of the measurements by giving more weight to comprehensive and well-executed measurement campaigns
1. For clutter-embedded BS antennas, the LOS probability is given by , where r is the clutter density (10% = 0.1, 20% = 0.2 etc), and  is the typical clutter width
1. For elevated BS antennas, the LOS probability is given , where r is the clutter density (10% = 0.1, 20% = 0.2 etc),  is the average clutter height,  is the BS height,  is the UT height, and  is the typical clutter size/width
1. For the autocorrelation distance of the LOS state, use , where  is the typical clutter size/width (note: same parameter as proposed for the LOS probability function)
1. Consider modeling the cross-correlation of the LOS states for different BS-UT links as being a function of the angular separation of two BS as seen from the UT 
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Fig. 3. LoS probability for light and heavy industry at 28 and 60 GHz.
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