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1 Introduction

In RAN#81, a new RAN1-led SI on Channel modeling for Indoor Industrial scenarios [1] was agreed.
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 fulfill 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.
This contribution addresses the channel modeling for indoor scenarios, mainly with reference to industry IoT 4.0.

2 Indoor scenarios for industry IoT 4.0

2.1 Description of the indoor industrial scenario
Industry 4.0 (I4.0) [5] is a name given to the current trend of automation and data exchange in manufacturing technologies. It includes cyber-physical systems, the Internet of things, cloud computing and cognitive computing, and fosters what has been called a "smart factory".
The basic principle of Industry 4.0 is that by connecting machines, work pieces and systems, businesses are creating intelligent networks along the entire value chain that can control each other autonomously.
In an Industry 4.0 factory, various simultaneous data are needed to reconstruct a virtual reality in controller so as to provide management with more insight on the status of the factory, therefore sensors and IOT terminals are mounted on various kinds of machines, robots, parts etc. and transfer data to controller continuously.

There does not exist any standard scenario for I4.0, different industries may have different scenarios, e.g. car manufacturing, chemistry, logistics, etc.

A representative layout of indoor industrial scenario from 5G-ACIA [4] is shown in Fig 1, and other scenarios are shown in Fig 2 [6]. 
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Figure 1 Industrial indoor scenario of 5G-ACIA
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Figure 2 Other Industrial indoor scenarios of I4.0 Smart Factory [6]

Observation 1: A typical IIOT scenario may be composed of

a. Building and infrastructure, usually fixed.

b. The IOT terminals including machines, assembly lines, robots, fork list, and gantry crane etc., which may be distributed in 3D space with fixed position or in moving state
c. The movement of robots, e.g. the rotate of manipulators or the movement of fork list, and gantry crane, e.g. moving along a route, may influence the channel Doppler shift characteristic in receiver
2.2
Characteristics of the indoor industrial channel model
The channel model for IIOT may include pathloss model, shadow fading model, LOS/NLOS probability, fast fading parameters/model, additional features/model and CDL/TDL model etc.

The characteristics of the channel model are relevant to the following aspects:

a. Scenario

b. BS location;

c. UE location;

d. Movement of BS and UE;

Considering all of the IIOT components may be mounted with a NG IOT UE and identified by an ID, the differences compared to existing indoor scenario in TR 38.901 are as the following:

a. Larger area of the work space with many metallic reflectors;

b. 3D deployment of BS location as well as UE location, i.e. BS may be higher or lower than UEs;

c. UE to UE movement with dual mobility;

d. Blockage due to IIOT component movement.
Observation 2: The characteristics of the channel model are relevant to the following aspects:
a. Scenario

b. BS location;

c. UE location;

d. Movement of BS and UE;
Observation 3: The differences between IIOT scenario and current indoor scenario in TR38.901 include:
a. Larger area of the work space with many metallic reflectors;

b. 3D deployment of BS location and UE location, i.e. BS may be higher or lower than UEs;

c. Component to component movement with dual mobility;

d. Blockage due to IIOT component movement.

Observation 4: As shown in Fig.2.1, different work zones in the IIOT scenario, such as assembly area, production area, storage area and office, may have different channel characteristics.
Proposal 1: A 3D indoor scenario with 3D BS and UE deployments should be established as a reference IIOT scenario to facilitate IIOT channel modeling.
· The Industrial indoor scenario of 5G-ACIA, if considered as a baseline for IIOT scenario, needs to be extended to a 3D scenario.

Proposal 2: The different work zones in an IIOT baseline scenario shall be differentiated due to different channel characteristics, and could be associated with different sub-scenarios in channel modeling.

In nowadays, the modern industrial indoor workplaces that are close to above-mentioned industrial 4.0 scenario are not popular and therefore not easy to find. It is also costly and sometimes even impossible to halt the production in these workplaces in order to take the channel measurements. So it becomes a natural choice for companies to rely on ray tracing techniques in the channel modeling study in this SI.    
Proposal 3: Ray tracing shall be an effective approach to enrich the measurement data with more flexible configurations.
3 Conclusion
We have following observations and proposals regarding to IIOT channel modelling:
Observation 1: A typical IIOT scenario may be composed of

a. Building and infrastructure, usually fixed.

b. The IOT terminals including machines, assembly lines, robots, fork list, and gantry crane etc., which may be distributed in 3D space with fixed position or in moving state
c. The movement of robots, e.g. the rotate of manipulators or the movement of fork list, and gantry crane, e.g. moving along a route, may influence the channel Doppler shift characteristic in receiver
Observation 2: The characteristics of the channel model are relevant to the following aspects:
a. Scenario

b. BS location;

c. UE location;

d. Movement of BS and UE;
Observation 3: The differences between IIOT scenario and current indoor scenario in TR38.901 include:
a. Larger area of the work space with many metallic reflectors;

b. 3D deployment of BS location and UE location, i.e. BS may be higher or lower than UEs;

c. Component to component movement with dual mobility;

d. Blockage due to IIOT component movement.

Observation 4: As shown in Fig.2.1, different work zones in the IIOT scenario, such as assembly area, production area, storage area and office, may have different channel characteristics.
Proposal 1: A 3D indoor scenario with 3D BS and UE deployments should be established as a reference IIOT scenario to facilitate IIOT channel modeling.
· The Industrial indoor scenario of 5G-ACIA, if considered as a baseline for IIOT scenario, needs to be extended to a 3D scenario.

Proposal 2: The different work zones in an IIOT baseline scenario shall be differentiated due to different channel characteristics, and could be associated with different sub-scenarios in channel modeling.
Proposal 3: Ray tracing shall be an effective approach to enrich the measurement data with more flexible configurations.
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