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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#81 meeting, a new study item (SI) was approved [1] to study on channel model for indoor industrial scenarios. It was recognized that the current 3GPP channel model in TR 38.901 [2] contains a common channel model with scenario-specific model parameters and settings for scenarios such as Urban Macro, Urban Micro, Rural Macro, and Indoor Hotspot (InH). However, it is noted that InH is based on indoor office / shopping mall environment. To address industrial scenarios that exhibit more diverse and unique environmental features, see the LS from 5G-ACIA in RP-181521 [3], it is needed that the InH in TR 38.901 should be extended to cover additional characteristics of industrial scenarios.
[bookmark: OLE_LINK7]In this contribution, we provide an preliminary consideration of channel model in industrial factory environments, e.g. auto manufacturing, assembly manufacturing etc., based on the LS from 5G-ACIA in RP-181521 [3] as well as other references [4], [5]. Specifically, the characteristic differences between the existing TR38.901 indoor scenario and the typical indoor industrial environments are provided. These identified differences are helpful to define the potential new propagation parameters and components compared to the existing InH channel model.

Preliminary consideration of channel model
Metallic structures increase the reflection of signals and create a received signal with numerous multi-path components. Due to the multipath richness, the delay spread, angle spread, and cluster properties will be different from a typical office environment. Meanwhile, small dimension and high density of metallic objects often produce NLoS situations, which means that the NLoS probability should be further evaluated for industrial environments. In addition, the materials (absorbent or reflective), building volume and object density also will affect the path-loss exponent, shadowing fading and penetration loss.
Path loss modeling
In 3GPP, a statistical model is considered in TR38.901. For the path loss model, it shows that the received power attenuation mainly depends on the distance between the transmitter and the receiver. After obtaining the received power against the distance between the transmitter and the receiver, the empirical path loss model in decibels can be used for the power attenuation prediction as the following,

where d is the distance of the transceiver in meters, n is the path loss coefficient considering d, m is the coefficient considering different frequency f, A is the intercept, and  represents the shadowing term.
Considering the different environment compared to TR 38.901 InH office building, it could be predicted that the path loss exponent changes with the environment (the size, the height, the density of machines in the working space), frequency, and link configuration. Parameters for PL need to be further studied. Generally speaking, the greater the density of large equipment and other propagation obstructions in the plant, the greater the path loss index and the greater the loss of propagation to the wireless link. 
LOS probability 
The layout size factory environment is different from indoor office scenario in TR 38.901. Especially, the height of room and BSs is 3 m in indoor office scenario in TR 38.901, whereas the height is much higher in a factory. Obviously, it affects the height of BS’s antenna and the performance. The LOS probability is derived with assuming antenna heights of 3 m for indoor in TR38.901, which may need modification. 
Ricean K factor (K) 
In 3GPP TR38.901, Ricean K factor (K) is considered, where.

 and  represent the power of the LOS path and other multipath components, respectively. It is expected that as the frequency increases, the wavelength decreases and more objects act as reflectors, causing the value of the K factor to decrease.
Time delay characteristics
The time delay spread is important to any digital communication system. It quantifies the delay between the first arriving signal and the last ones. The statistical data is mainly about the multipath delay spread to evaluate the small scale fading of wireless channel. Equipment and other obstructions in the factory environment will become scatters. The greater the density of large equipment and other obstructions in the plant, the more scatters, and multiple delayed radio waves will travel. The path component increases the RMS (root mean square) delay spread value.
Angle spread characteristics
The different volume between factory hall and InH may also affect the angular spread. The multipath richness (the higher number of multipath components) suggests wider angular spread, but this needs to be confirmed via measurements.
Blockage
Blockage exists in indoor industrial scenarios. On the one hand, there are some moving objects, including small to large fork lifts, trains and automated guided vehicles (AGV). These dynamic metallic objects will cause probabilistic shadowing and blockage. On the other hand, robot arm of auto manufacturing executes instructions and coordinates with machine tools dynamically. In particular, a robot arm will go deep into a metal cabinet to finish tasks. For this case, the metal cabinets can cause blockage or penetration loss to communication device on the robot arm. For a typical BS antenna mounted on the ceiling or walls of a building, the cabin wall constitutes a static blockage or constant penetration loss for communication devices in the cabin. Meanwhile, metallic objects with the different kinds of dimensions, location and mobility pattern depicted above are another factor. Thus, shadowing/blockage is a common case in indoor industrial environments. 
Blockage models A and B are defined in TR38.901. Considering the above metallic dynamic and static shadowing/blockage, it should be studied whether no blockage mode, blockage model A (stochastic method) or blockage model B (geometric method) is more suitable for the typical indoor industrial scenarios. A new blockage model or parameter value can also be considered. For instance, additional wall loss for path loss or metallized penetration loss could be considered for indoor scenarios.
Observation 1: Blockage characteristic may be different from 3GPP TR 38.901 considering dynamic and static metallic blockage
Potential electromagnetic interference
In addition, there are transportation and electric machinery (such as electric motors, welding processes, rectifiers, power lines and switching devices) in indoor industrial scenarios. These machinery may be a potential source of electromagnetic interference. Thus, we may need to evaluate potential electromagnetic interference.
Observation 2: Electric machinery in indoor industrial scenarios may lead to potential electromagnetic interference. 
Time varying effects
In industrial facilities, there may exist random/periodic movements of workers, robots, trucks, overhead cranes, suspended equipment, or other objects, which could cause time-varying channel conditions. In addition, more studies of the long-term channel variations caused by various indoor activities. Because the radio channel may have completely different properties at different time scales, it could have a significant impact on the network performance.
Observation 3: More studies of the long-term channel variations caused by various indoor activities should be conducted.
Spectrum frequency consideration
The propagation feature may be different for different frequency bands. For example, the blockage effect will be higher for mmWave bands than below 6 GHz band since diffraction loss is frequency dependent and the blockage by very small object becomes insignificant at low frequencies. On the other hand, high frequency will go through small gaps within the metal structures in the factory. For the below 1 GHz band, potential electromagnetic interference may be not neglected.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Observation 4: The propagation feature may be different for different frequency bands.  
[bookmark: OLE_LINK19]BS and UE deployment scheme
BS and UE deployment schemes may be different for different industrial factory environment. This should be further studied after the industry factory environment is confirmed.
Observation 5: The propagation feature may be different for different BS and UE deployment schemes, this should be further studied based on the factory environment topologies.
[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observation:
Observation 1: Blockage characteristic may be different from 3GPP TR 38.901 considering dynamic and static metallic blockage
Observation 2: Electric machinery in indoor industrial scenarios may lead to potential electromagnetic interference. 
Observation 3: More studies of the long-term channel variations caused by various indoor activities should be conducted.
Observation 4: The propagation feature may be different for different frequency bands.  
Observation 5: The propagation feature may be different for different BS and UE deployment scheme, this should be further studied based on the factory environment topologies.
These observations on characteristic differences between InH scenario and typical indoor industrial environments may lead to the different propagation parameters and models, such as path-loss, shadow fading, LoS probability, delay spread, angular spread, blockage etc. Thus, we have the following proposals: 
Proposal 1: Study the potential new industrial propagation parameters and model, e.g. path loss, shadowing, LOS probability, Ricean K factor (K), XPR, time delay, angle spread, blockage and potential electromagnetic interference.
Proposal 2: Study the potential influence of different frequency bands on the channel model.
[bookmark: OLE_LINK4]Proposal 3: At the end of IIoT channel model discussion, consider to add a scenario in section 7.2 of TR38.901 to capture the differences between the 3GPP InH model and new industrial propagation scenarios.
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