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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.
In 3GPP RAN1 #96bis meeting, a number of agreements for the indoor industrial channel model SI were reached. Regarding to the scenario description, four industry sub-scenarios are agreed,
· 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)
However, the definition of “low” and “high” clutter density need to be further discussed.
[bookmark: OLE_LINK7]In this contribution, we provide an preliminary consideration of path loss 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 path loss model
In [6] [7], we discussed how to merge the different path loss model proposals. 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.  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. BS and UE deployment schemes may be different for different industrial factory environment. The variation between path loss models is huge, and direct average would lead to very high standard deviation.
Proposal 1: Consider the path loss model per sub-scenario. 
In order to get a stable path loss model for each sub-scenario. Companies should share the results per sub-scenario, and provide detail measurement campaigns information, e.g. BS height above/below clutter, high/low density clutter. The merge could be done via different methods:
Option 1: Collect raw data (distance, power, f, antenna height, sub-scenario) from companies. Companies are encouraged to share the data.
Option 2: Calculate average from different models
Option 2a: generate random variables and calculate the final standard deviation.
Option 2b: use mathematical method (the result should be the same as in 2a).
Option 2c: average standard deviation.
Option 3: Combine raw data from Option 1 and generate random variables from different path loss models that we don’t have raw data available, and fit the path loss and standard deviation.
In this contribution, we consider option 1 based on Huawei measurement campaigns in Germany and China [8] as the starting point.
Proposal 2: For path loss merging method, option 1 can a starting point.
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 frequency f, A is the intercept, and  represents the shadowing term.
Proposal 3: ABG model for each sub-scenario is preferred.
Proposal 4:Multi-dimensional regression as a starting point to reflect different frequency characteristics

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: Consider the path loss model per sub-scenario. 
Proposal 2: For path loss merging method, collect raw data (distance, power, f, antenna height, sub-scenario) from companies and combine raw data can a starting point.
Proposal 3: ABG model for each sub-scenario is preferred.
Proposal 4:Multi-dimensional regression as a starting point to reflect different frequency characteristics
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