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Introduction
In RAN #81, a new study item on channel modeling for indoor industrial scenarios was discussed [1], with the following for the scope of the work:
“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 this contribution, we discuss some aspects of channel modeling for indoor industrial environments that may require additional consideration, including physical layout, pathloss, shadowing, among others. We also discuss some relevant literature on these aspects. 
Indoor Industrial Scenario
TR 38.901 [2] provides channel modeling parameters for various scenarios, including Urban, Urban Macro, Indoor hotspot. Even though the indoor hotspot model provides adequate modeling for indoor office and residential environments, there are several aspects of indoor industrial environment that may not be adequately addressed. For instance, a typical industrial layout may be significantly different from that considered for the indoor hotspot model. In [3], 5G-ACIA (a consortium constituted by both operational-technologies and information-technologies companies) has outlined a number of aspects of indoor industrial environment that may require further study.  In particular, it provides a physical layout that may be more representative of indoor industrial scenarios. Further, it discusses presence of various types of concrete/metal barriers (walls, columns) and large metallic objects (racks, supply pipes, etc.). These can have significant impact on the wireless channel characteristics, which may not be fully captured in the indoor hotspot model, e.g., more severe shadowing due to blockages, reflections. This, among various other aspects, also has been reported extensively in the literature -- a brief review of which is given in the next section. Based on this, we have the following proposal:
Proposal 1: RAN1 should consider enhancements to the indoor hotspot channel model to more adequately model indoor industrial scenario. In particular, consider studying the aspects, e.g., the physical layout, discussed in [3].
Another important issue is of the spectrum of interest for indoor industrial deployment. Given the wide variety of industrial scenarios with widely different requirements – from motion control in discrete manufacturing with tight latency and reliability requirements on small-packet transmissions to high data-rate transmissions for AR/VR-based human-machine interaction/control – potentially both sub-6 and mm-wave based deployments need to be studied. Additionally, in some scenarios, licensed-spectrum based deployment may not be feasible, e.g., smaller remote industrial plant. In such cases, unlicensed spectrum may be a reasonable alternative to consider. Hence, we have the following proposal:
Proposal 2: Study both sub-6 and mm-wave, as well as both licensed and unlicensed spectrum, based deployments for indoor industrial scenario. 
Literature on Indoor Industrial Channel Measurements and Modelling
There is a significant body of literature on various aspects of industrial channel measurements and modeling --here we discuss a small subset of them.
Many studies [4-8] have observed low-pathloss exponent (1.5-2.5) in indoor industrial environment caused by wave-guide effects, especially in the near field. On the other hand, the presence of sizable number of objects can often lead to non-line-of-sight propagation, which can have higher pathloss. This has motivated several papers ([7,8] among others) to propose pathloss models with slope change.
The presence of many metallic/concrete objects in an industrial environment also can lead to higher shadowing than in a typical indoor office/residential environment. For instance, in [4] significant obstruction shadowing has been reported, which can be in excess of 10 dB when the receiver is situated behind a metal obstruction. Higher shadowing also has been observed in several other measurement campaigns (e.g., [5][6][10]) in different factory setups (chemical pulp and cable factories [5], wood processing and metal processing factories [6], among others), as well as at different frequency bands (900 MHz, 2.4 GHz, 5.2 GHz). Another aspect is of shadowing decorrelation distance, which has been observed in [6] to be between 0.2m and 5.3m for the aforementioned frequencies and different types of topologies – The lower part of the range implies that there can be significant variation in the shadowing conditions over short distances. Consequently, there can be a large rate of change in pathloss due to even limited movement of the UE and/or in the surrounding environment (e.g., robotic arm, AGV, etc.). This, in turn, can potentially have a significant impact on achieving the required tight reliability and latency requirements in industrial scenario.
For temporal variations, a Rician distribution has been found [4][6] to provide a good fit to measurements. Further, temporal fading has been observed to be only weakly dependent on frequency [6]. Another aspect is of delay spread (RMS delay or excess delay), which can have impact on symbol duration, and thus, latency [12]. It also has been observed that in some industrial environments a significant fraction of power may be received over dense multipath components, rather than a few specular multipath components [9]. This may require enhancements to the traditional cluster-based temporal modeling.
Based on the above discussion, we have the following proposal:
Proposal 3: Study the impact of the various peculiar characteristics of indoor industrial environment reported in literature. Specifically, consider the need for additional modeling for pathloss, shadowing, spatial correlation, rate of pathloss change, delay spread, types of multipath components, among others.

Conclusion
In this contribution, we have discussed the following proposals:
Proposal 1: RAN1 should consider enhancements to the indoor hotspot channel model to more adequately model indoor industrial scenario. In particular, consider studying the aspects, e.g., the physical layout, discussed in [3].
Proposal 2: Study both sub-6 and mm-wave, as well as both licensed and unlicensed spectrum, based deployments for indoor industrial scenario. 
Proposal 3: Study the impact of the various peculiar characteristics of indoor industrial environment reported in literature. Specifically, consider the need for additional modeling for pathloss, shadowing, spatial correlation, rate of pathloss change, delay spread, types of multipath components, among others.
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