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1 Introduction

In RAN#81, a new RAN1-led SI on Channel modeling for Indoor Industrial scenarios [1] was approved.
The study item aims to develop a channel model to support studies on URLLC/IIOT enhancements for industrial scenarios and use cases. In order to achieve this, the study item should fulfil the following objectives:

· Determine a suitable description of the scenario and frequency bands up to 100GHz that should be supported. 

· The LS from 5G-ACIA in RP-181521 may be used as one of the references to start the discussion.

· Review existing literature and new propagation measurements in industrial environments

· Assess key differences compared to existing channel models such as the model in TR 38.901

· Define a new industrial propagation scenario and determine propagation parameters and, if required, new model components. Use 38.901 as the starting point.

· Priority should be given to channel modeling for frequency ranges below 52.6GHz, which can be captured in the TR upon completion of the corresponding model.
In recent RAN1 email discussions, the following proposals gain the wide consensus:

Proposal 1: A new Indoor - Industrial scenario (IIoT) is added to TR 38.901
· This scenario can have one or more sub-scenarios where some environment parameters and/or channel model parameters may differ between the sub-scenarios (note: compare InH-open office and InH mixed office in 38.901)

· A sub-scenario is defined by the range of validity of the environment parameters and the channel model parameters

· FFS on the number and details of these sub-scenarios, including homogeneity or heterogeneity of environment parameters and channel model parameters within a sub-scenario

· When possible, the channel model components should cover the range of the environment parameters of the different sub-scenarios

· E.g. a LOS probability model with a functional dependence on the clutter density is preferable to separate LOS probability models for different clutter densities

· For channel model calibration purposes, the sub-scenario description can be complemented with additional simulation assumptions, including:

· BS deployment and user distribution

· Mobility

· Antenna models

· Output powers and noise figures

· etc

Proposal 2: Adopt a sub-scenario according to the table below
· Note: Further sub-scenarios may be adopted if needed

	Parameters
	Sub-scenario 1

	Layout
	Room size
	Rectangular: [FFS, e.g. 5000-20000 m2] 

	
	Ceiling height
	[FFS: e.g. 10-25 m]

	
	External wall type
	[Concrete walls with metal-coated windows]

	Clutter type
	Small to medium metallic machinery and objects

	Clutter density and distribution
	FFS

	Clutter height
	FFS

	BS antenna height [image: image1.png]Frgs




	[clutter-embedded or above clutter]

	UT location
	LOS/NLOS
	LOS and NLOS

	
	Height [image: image2.png]Ty




	[Clutter-embedded]


Proposal 3: The baseline scenario may be extended by any of the following options
· Sources of EM interference: TBD how to specify

· Clutter mobility: TBD how to specify

· Mobile gNBs or D2D communication leading to dual mobility

This document addresses the IIOT indoor scenario.

2 IIOT indoor scenario

An indoor industrial scenario is defined in [4]. Its internal layout is shown in Figure 2.1. 
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Figure 2.1 Industrial indoor scenario given by 5G-ACIA

The facility’s topology above consists of a variety of areas including 

· Alleys (corridors), where objects are metallic, moving slowly and of medium size (typical small to large forklifts, tugger trains with 2-3 four-wheeled carriages) 

· Assembly lines, where medium to small metallic objects move along the lines. 
· Production Area, where some metallic parts are processed by robots. 

· Warehouse/ storage, where the complete space up is occupied with long narrow metallic shelves with gangways between them. 

· Commissioning area, an open space for slow moving trains, forklifts and AGVs and scarce small stationary metallic objects. 

· Office space, consisting of gypsum plasterboard walls separating the offices/cubicles, coffee corners and conferencing spaces from the actual production area.
Accordingly, the whole indoor area in Figure 2.1 can be divided into 4 sub-areas with different clutter densities: 

· Area1 (storage area): High clutter density 

· Area2 (production area): Medium clutter density 

· Area3 (commission/office area): Medium clutter density 
· Area4 (assembly area): Low clutter density 
Based on the scenario and sub-area functionalities discussed above, a virtual industrial IOT scenario is established, as shown in Figure 2.2 and Annex A, for purpose of ray tracing simulation. It contains:

· Assembly lines: 6 assembly lines are deployed with metallic parts on transportation belts and operation panels. The height of clutter in assembly lines is 1~2m.

· Production Area: 30 robots with 5m~6m height are located in the production area with different postures as well as some metallic parts on the operation tables.

· Warehouse/storage: 3 metallic shelves are deployed in the scenario with 5m height and some metallic parts on them.

· Commissioning area: some small stationary metallic objects are located in commissioning area as well as 4 test beds and 3 AGVs.

· Office space: consisting of gypsum plasterboard walls separating the offices/cubicles as well as tables and chairs.

· Alleys: one or two AGVs or forklifts are located in each alley.

· Two gantry cranes are located over the production area and assembly lines.

Top view
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Left view
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Right view
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Figure 2.2 Industrial IOT scenario with multi-functionality sub-areas 

The detailed scenario parameters are given in Table 2-1. 

Table 2-1 Parameters of IIOT scenario

	Parameters
	Scenario

	Layout
	Room size
	180m ╳ 80m

	
	Room layout
	Refer to Figure 2.1

	
	Ceiling height
	25m

	
	External wall type
	Concrete walls with metal-coated window

	Clutter type
	Small to medium metallic machinery and objects

	Clutter Density
	Uniform per sub-area

	Clutter height
	3~6 m for sub-areas of production and warehouse storage;

1m~2m for the other sub-areas

	BS antenna height
	10m ~ 25m

	UT location
	LOS/NLOS
	LOS/NLOS

	
	Height hUT
	1.5m


According to Figure 2.2 and Table 2-1, the IIOT scenario established in this paper holds the 2D area of 14400m2 and 3D volume of 360000m3, and contains four sub-areas with high density, middle density and low density, respectively, of metallic clutters (refer to Figure 2.1 and close-views in Annex). This scenario is used in our initial study of IIOT channel model aspects, including pathloss[5], LOS probability[6], K-factor[7] and absolute time of arrival[8]. 
3 Conclusion

This contribution concludes with following proposal:

Proposal 1: The study of indoor industrial channel model is based on a scenario containing sub-areas with different clutter densities. 
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ANNEX 1 Close views for IIOT Scenario
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Figure A.1 a close view in Area1 of high clutter density
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Figure A.2 a close view in Area4 of low clutter density
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Figure A.3 a close view in Area2
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Figure A.4 a close view in Area3
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