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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 this contribution, we provide an overview of existing literature and new measurement at different frequencies and link configurations in industrial environment. 

Existing literature and measurements review
In [4] and [5], comprehensive reviews of radio wave propagation in an industrial environment are presented. The reported channel models and measurement results, at different frequencies and link configurations, of path loss, noise, interference, multipath propagation, and time-varying channel conditions are discussed, and the factors that influence them are highlighted.
A number of narrowband indoor channel measurements in various industrial settings have been conducted over the past few years. In [6], measurements were done in an industrial facility at 2.4 GHz. Path-loss exponents of 1.6 and 3.73 for line-of-sight (LOS) and non-LOS (NLOS) scenarios were found, respectively. Three other indoor industrial measurements with LOS scenario, path-loss exponents of 1.1 for the chemical pulp and cable factories, and 1.86 for nuclear power plant were reported in [7]. Luo et al. [8] reported path-loss parameters at 2.4 and 5.8 GHz from a test-bed emulating an oil rig installation with LOS and NLOS scenarios. Measurement results of excess path loss from highly reflective environments (an oil refinery and automobile assembly plant) for 25 MHz–18 GHz signals were also reported in [9]. In [10], path-loss parameters for various industrial topographies, at 900, 2400, and 5200 MHz, are reported. Similar results obtained from three different industrial indoor environments, at 900, 1600, and 2450 MHz, are presented in [11]. Gungor et al. [12] reported path loss measurement results from electric power environments for smart grid applications. M. Düngen et al. [21] observed that received power decays much slower than under free space conditions. 

[bookmark: OLE_LINK48]Observation 1: The reported measured path-loss parameters show significant variations with the environment, frequency, and link configuration 
Compared with other environments, such as home and office areas, the presence of noise in industrial environments is high due to the broad operating temperatures, strong vibrations, and excessive electromagnetic noise [13]. Interference from other wireless systems working on the same frequency band might also be present [14]. Characterizing these effects is therefore important for designing robust wireless network for industry factory environment.
Few works have been done in the past to describe the noise in an industrial environment. The model parameters need to be extracted from measurements for the considered propagation environment. In [20], it observed that for lower frequencies, the level of interference increases.

Observation 2: Measurements in various industrial facilities with different frequencies and link configurations are required to further validate the noise characteristics in industrial environments

The multipath property of a wireless channel depends on the characteristics of the environment as well as on the properties of the antennas involved. The various measurement results show that the multipath components in industrial environments arrive in clusters [15]–[19]. Various distributions have been proposed for the small-scale amplitude fading of the multipath components in industrial environments. In [20], it observed large differences in the number of components and the maximum excess delay. In the case of highly reflective environments, some components arrive more than 1020 ns after the first component, which can cause problems in systems with a high symbol rate. In the highly absorbing environment, the maximum excess delay is 31 ns, which is significantly lower than in the case of highly reflective environments.

Observation 3: It is unclear which envelope distributions to use for the received signal and multipath taps as various distributions have been suggested by different measurement campaigns. Further study is needed to characterize the envelope distribution of the received signal as well as the multipath taps.

[bookmark: _Ref129681832]Conclusion
According to the above discussions, we have the following observation:
Observation 1: The reported measured path-loss parameters show significant variations with the environment, frequency, and link configuration 
Observation 2: Measurements in various industrial facilities with different frequencies and link configurations are required to further validate the noise characteristics in industrial environments

Observation 3: It is unclear which envelope distributions to use for the received signal and multipath taps as various distributions have been suggested by different measurement campaigns. Further study is needed to characterize the envelope distribution of the received signal as well as the multipath taps.

These observations on characteristic differences among published results may lead to the different propagation parameters and model, 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 impact of frequency band on the propagation characteristics and channel model parameters in the industrial indoor environment.
Proposal 2: Study the impact of environment on the propagation characteristics.
Proposal 3: Study the impact of link configuration on the propagation characteristics.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: New measurements in various industrial facilities with different frequencies and link configurations are required.
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