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1	Introduction
In the email discussions in the industrial channel model SI some proposals have been agreed for the LOS probability modeling, see below. In this contribution, we provide some results and outline our views on further details of the LOS probability modeling. 
Agreed proposal in [FS_IIIOT_CM-02] [1]: 

Proposal 1: Path loss, shadow fading, and LOS/NLOS modelling
Option 1: LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 
· Separate path loss and shadow fading models are used for LOS and NLOS
· The correlation of LOS probability for different links TBD
· Spatial consistent transitions between LOS and NLOS states to be further studied

Agreed proposals in [FS_IIIOT_CM-07] [2]:

Proposal 1: At least the dependency on Tx-Rx 2D distance and clutter density should be considered for the modeling LoS probability. 
· Derive LOS probability curves for each sub-scenario
· Companies are encouraged to provide results on the LOS probability

Proposal 2: Modelling on the spatial consistency of LoS probability should be supported with followings:
· Reuse the “soft LoS” in TR38.901 to model the LoS/NLoS transition
· Companies are encouraged to provide the value of auto-correlation distance of LoS state
· Independent distribution of LoS probability cross links is assumed as baseline 
· Cross-correlation of the LoS probability among links can be considered if simulation/measurements data are available

Proposal 3: LOS state is defined by the visual/optical line of sight between Tx and Rx

[bookmark: _Ref178064866]2	Discussion
2.1	LOS probability results
In [3], 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 sub-scenario 3: Low clutter density, one of Tx or Rx is elevated above the clutter, and sub-scenario 4: High clutter density, one of Tx or Rx is elevated above the clutter, that were agreed to be introduced in the email discussion [FS_IIIOT_CM-05] [4]. 
The resulting LOS probability functions are shown in Fig 1 below. It appears from Fig 1 in [3] 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 Error! Reference source not found.)
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 and a clutter height range. For the following, we have assumed that the clutter is 1 m wide and between 1-3 m high. We have further assumed hTX = 10 m and hRX = 1.5 m, i.e. corresponding to the sub-scenarios 3 and 4. 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 parameters are shown in Fig 3.
[image: ]
Figure 2	Scenario for LOS probability experiments
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Figure 3	Empirical LOS probabilities determined for the canonical industrial scenario.
It is suggested that the curves for two specific occupancy rates (e.g. 5% and 20%) are used as representing the “low” and “high” clutter density, respectively. For the model an average LOS probability function for each sub-scenario should be derived by averaging or combining the results from different experiments. 

[bookmark: _Toc4756277][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]The LOS probability results in this contribution are taken into account when determining the LOS probability functions for sub-scenarios 3 and 4. 
[bookmark: _Toc4756278]The LOS probability functions for the different sub-scenarios are found by averaging or combining the curves over different experiments

2.2	Auto-correlation distance for the LOS state
For spatial consistency modelling, the correlation distance of the LOS/NLOS state is provided for the existing scenarios in TR 38.901 in Table 7.6.3.1-2. The value of 10 m is specified for the Indoor hotspot scenario, which can be seen as representative of the typical room size or open floor area in an office scenario. In an industrial scenario it can be expected that the LOS state can be quite stable along the aisles but that it would vary more rapidly when moving across an aisle or in a neighbouring aisle. In this case the correlation distance would be expected to be similar to the size of the machinery or cubicles, or possibly to the space between these. Some further LOS experiments in realistic industrial scenarios should ideally be performed to derive the correlation distance, but in the absence of such results a value of 5-10 m seems reasonable. 
[bookmark: _Toc4756279]The autocorrelation distance of the LOS/NLOS state should be determined from experiments in realistic industrial environments, however a value in the range 5-10 m could be used as a starting point in the absence of such results 

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The LOS probability results in this contribution are taken into account when determining the LOS probability functions for sub-scenarios 3 and 4.
Proposal 2	The LOS probability functions for the different sub-scenarios are found by averaging or combining the curves over different experiments
Proposal 3	The autocorrelation distance of the LOS/NLOS state should be determined from experiments in realistic industrial environments, however a value in the range 5-10 m could be used as a starting point in the absence of such results
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Fig. 3. LoS probability for light and heavy industry at 28 and 60 GHz.
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