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Introduction
[bookmark: _Hlk510705081]A new radio propagation model for indoor industrial scenarios is being investigated as part of the Rel-16 SI to support studies on URLLC/IIOT enhancements [1]. After the email discussions on Scenario Description [FS_IIIOT_CM-05], a consensus was reached among the different parties about the sub-scenarios to consider:
· Sub-scenario 1: Low clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 2: High clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 3: Low clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Sub-scenario 4: High clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
where the quantitative definition of “low” and “high” clutter density was left for further study.
This document aims at sheding some light on the scenario classification, based on the analysis of pictures from different factories and other industrial scenarios.
Section 2 provides a compilation of examples and a brief definition of “low” and “high” clutter density scenarios, together with a description of their main characteristics. Section 3 proposes a baseline parametrization for each of the sub-scenarios. Finally, Section 4 provides some concluding remarks.
Industrial clutter density
Having analysed a number of factories and other indoor industrial facilities, we believe that the definition of “low” and “high” clutter density should be defined in terms of the overall area of the target scenario occupied by machinery, products or other industrial items. However, it might be difficult to compute such value over a real-worl scenario.
From our own observations and the accuracte descriptions of the different areas in the “generic facility model” in [2], we further believe that the classification can be brought to a higher level by looking at the main purpose of the areas in the scenario. By doing this, we can classify assembly lines or production areas for discrete manufacturing as “high” density clutter, while warehouse/storage or commissioning areas can be classified as “low” density clutter. In general, a clear visual distinction can be done for “low” and “high” clutter densities as depicted in Table 1 with a number of examples.   
Proposal 1: Define “low” and “high” density clutter in terms of the main purpose of the overall facilities:
· “low” density clutter scenarios: mainly dedidcated to storage or commissioning. 
· “high“ density clutter scenarios: dominated by the presence of assembly lines or production areas. 
As explained in [3], we believe that the main differentiation between the two levels of clutter density in terms of propagation model parameters can be represented by LOS probability.
Proposal 2: “Low” density clutter scenarios must have higher LOS probability than “high” density clutter scenarios.
With respect to the exact formulation of these LOS probabilities, our view is that they can be derived from simulation studies similar to those in [4] and [5].
Proposal 3: Model LOS probability for “low” and “high” clutter density scenarios based on simulations. 

Table 1. Examples of "low" and "high" clutter scenarios.
	“Low” clutter density
	“High” clutter density

	
[image: ]
ABB manufacturing facility in Indonesia [6]
[image: ]
Bosch Rexroth assembly line in US [8]
[image: ]
Arcelor Mittal steel plant in Spain [10]
[image: ]
Demonstrationsfabrik Aachen GmbH [2]
	
[image: ]
Tesla assembly plan in US [7]
[image: ]
Fully automated textile plant in China [9]
[image: ]
Assembly line example by Cisco [11]
[image: ]
Discrete manufacturing area example by Samehara [12]


From our own research, we have also noted the following general trend:
Observation 1: Ceiling heights are, in general, higher in storage areas (“low” density clutter) than in areas dedicated to production (“high” density clutter).
Proposed scenario parametrization
Based on all previous details, we propose the following parametrization for the “low” density clutter scenario and “high” density clutter scenario:
	Parameters
	Low density industrial clutter (LDI)
	High density industrial clutter (HDI)

	Layout
	Room size
	Rectangular: 120 m x 50 m (6000 m2)

	
	Ceiling height
	10 m
	5 m

	
	External wall type
	Concrete walls with metal-coated windows

	Clutter type
	Big machineries composed of regular metallic surfaces
	Small to medium metallic machinery and objects with irregular structure

	Clutter density and distribution
	[FFS, based on layout from a scenario with several mixed production areas with open spaces and storage/commissioning areas]
	[FFS, based on layout from a scenario mainly composed from assembly and production  lines surrounded by mixed small-sized machinery]

	Clutter height
	5 m
	2.5 m

	LOS probability
	[FFS, higher than HDI]
	[FFS, lower than LDI]

	BS antenna height [image: cid:image001.png@01D4B35D.C4D8CCE0]
	Clutter-embedded or 
above clutter (ceiling-mounted / wall-mounted)

	UT location
	LOS/NLOS
	LOS and NLOS

	
	Height [image: cid:image003.png@01D4B35D.C4D8CCE0]
	Clutter-embedded



Conclusion
In this contribution, we have provided examples of “low” and “high” clutter density scenarios and proposed a definition based on the of the main activity focus of the overall industrial facility. We have also proposed to make a distinction between scenarios based on LOS probability [3]. 
A reference parametrization is also given in the document, illustrating the fundamental differences between “low” and “high” density clutter scenarios.
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Appendix A – Nokia Measurement Scenarios
In our prior contributions to the SI [13-16], the measurement scenarios presented were classified as open production space (OPS) or dense factory clutter (DFC). 
Based on the classification proposed in this Tdoc, the measurements scenarios in [13-16] should be considered as high density clutter (HDI) scenarios.
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