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Introduction
In RAN #81, a new study item on channel modeling for indoor industrial scenarios was discussed [1]. In the subsequent offline discussion on the study item, some of the proposals that have been discussed include:
Proposal: A new Indoor - Industrial scenario (IIoT) is added to TR 38.901
[bookmark: _GoBack]- This scenario can have one or more sub-scenarios where some environment parameters and/or channel model parameters may differ between the sub-scenarios (note: compare InH-open office and InH mixed office in 38.901)
· A sub-scenario is defined by the range of validity of the environment parameters and the channel model parameters
· FFS on the number and details of these sub-scenarios, including homogeneity or heterogeneity of environment parameters and channel model parameters within a sub-scenario
- When possible, the channel model components should cover the range of the environment parameters of the different sub-scenarios
· E.g. a LOS probability model with a functional dependence on the clutter density is preferable to separate LOS probability models for different clutter densities
- For channel model calibration purposes, the sub-scenario description can be complemented with additional simulation assumptions, including:
· BS deployment and user distribution, Mobility, Antenna models, Output powers and noise figures, etc

Proposal: Path loss, shadow fading, and LOS/NLOS modeling
    Option 1: LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 
               - Separate path loss and shadow fading models are used for LOS and NLOS
              - The correlation of LOS probability for different links TBD
            - Spatial consistent transitions between LOS and NLOS states to be further studied

Proposal: Absolute time of arrival of multipath components in LOS and NLOS is added as an additional modeling component
Note: This modeling component is provided to support simulations in which absolute time of arrival is important (e.g., ToA based positioning)

In this contribution, we further discuss some of these aspects of indoor industrial channel modeling that may require additional consideration, including scenario description, channel parameters. We also discuss some specific channel-modeling considerations for precise positioning, which often is indicated as a strong requirement in industrial use-cases. 
Indoor Industrial Scenario Description
TR 38.901 [2] provides channel modeling parameters for various scenarios, including Urban, Rural, 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 provides a physical layout that may be more representative of indoor industrial scenarios, containing various sub-regions corresponding to different activities: Production area, Assembly line, Commissioning area, Offices, among others. There can be different ways of modeling such a layout. In one approach, the indoor-hotspot scenario with different parameters, e.g., clutter density, BS height, etc. can potentially model different sub-regions. In another approach, a physical layout with explicit different sub-regions, e.g., as discussed in [3], may be considered. However, there are tradeoffs of what can be captured with these options: The former, referred to as the homogeneous option, is in line with 38.901 and can allow modeling different sub-regions with different clutter densities in a simpler manner; The latter, referred to as the heterogenous option, while more complex, also allows modeling interactions and joint resource management across different sub-regions. This aspect may be particularly important for typically high-reliability requirements in industrial use-cases. However, it is worth emphasizing that considering only one such specific scenario can potentially lead to designs that are over-optimized for it. Hence, it may be necessary to consider a set of such scenarios, with different mixes of different types of regions. The actual number of such scenarios will need to be sufficient enough so as to provide a good indication of the desired KPIs, including reliability, in different types of expected industrial deployment. Based on this, we have the following proposal:
Proposal 1: Given typically high-reliability requirements in industrial use-cases, RAN1 should consider a sufficient number of industrial scenario descriptions, whether based on homogenous or heterogeneous options, that can provide a good indication of the desired KPIs, including reliability, in different types of expected industrial deployment.
Indoor Industrial Channel Model Parameters
There is a significant body of literature on various aspects of industrial channel measurements and modeling, which can potentially provide some guidance for the RAN1 study item – 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. Further, the line-of-sight probability distribution can be significantly different in different types of industrial scenarios. 
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 2: Study the impact of the various peculiar characteristics of indoor industrial environment reported in literature: Specifically, on the modeling of pathloss, shadowing, spatial correlation, rate of pathloss change, delay spread, types of multipath components, among others.
Channel Modeling Considerations for Positioning
One of the key requirements in many industrial use-cases is of precise positioning, e.g., in motion planning of robotic arms/AGVs, locating assets in warehouses, etc. Hence, channel modeling for industrial environment needs to incorporate the aspects necessary to enable the study and performance evaluation of positioning. 
In addition to the absolute time of arrival aspects mentioned above, other aspects include accurate modeling of path distances and angles of arrivals/departures – In particular, maintaining spatial consistency of these parameters with mobility becomes even more important for positioning. TR 38.901 [2] provides procedures for performing the same for LOS and NLOS paths based on geometric positions and local-approximation updates, respectively. As discussed in detail in Appendix, some of these procedures, e.g., Procedure A in Section 7.6.3.2, may require refinements, particularly for NLOS paths, which are likely to be even more prevalent in many industrial scenarios. 
Proposal 3: Consider refinements to the spatially-consistent mobility modeling procedures in TR 38.901, e.g., Procedure A in section 7.6.3.2, to enable more accurate channel modeling for positioning.
Conclusion
In this contribution, we have discussed the following proposals:
Proposal 1: Given typically high-reliability requirements in industrial use-cases, RAN1 should consider a sufficient number of industrial scenario descriptions, whether based on homogenous or heterogeneous options, that can provide a good indication of the desired KPIs, including reliability, in different types of expected industrial deployment.
Proposal 2: Study the impact of the various peculiar characteristics of indoor industrial environment reported in literature: Specifically, on the modeling of pathloss, shadowing, spatial correlation, rate of pathloss change, delay spread, types of multipath components, among others. 
Proposal 3: Consider refinements to the spatially-consistent mobility modeling procedures in TR 38.901, e.g., Procedure A in section 7.6.3.2, to enable more accurate channel modeling for positioning.
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Appendix
TR 38.901 - Section 7.6.3.2 [2] defines spatially-consistent UT mobility modeling Procedure A, where the path distances/delays and angles of arrivals/departures (AoA/AoD) for clusters are generated upon dropping a UT and updated in a spatially consistent manner. While the path delay and AoA/AoD of the LOS paths are updated based on the actual geometric positions of the UT, the NLOS paths are updated via local approximation. To minimize the approximation error, the update distance of UT is required to be within 1m.
To see whether the Procedure A is suitable enough for positioning purposes, we perform simulations where a UT makes a circular motion in two different setups: Experiment A and Experiment B (illustrated in Fig. 1 and described below). We then observe whether the delay and angles of the UT, after applying successive updates according to Procedure A and using velocities taken from the circular trajectory, return to the initial delay and angle values after one full circle (2π rotation). 
Experiment A:
For a generic cluster n initially dropped at random at time , the UE moves in a circle of radius 1 [m] and centered at  The UE complete the motion at time  where  is the number of uniform steps, e.g. each step has length 
Experiment B: 
For a generic cluster n initially dropped at random at time , the UE moves in a circle of radius  [m] and centered at   The UE complete the motion at time  where  is the number of uniform steps, e.g. each step has length 
Note:  and  are the path distance and the angle-of-arrival (AoA) for the n-th cluster, consistent with the notation used in TR 38.901.
Results of simulation are given in Figs. 2 and 3 for Experiment A and Experiment B, respectively, with fixed T. As it is clear from Fig. 3, fixed T does not work well for Experiment B. This is so because, for increasing d and fixed T, the step size for this experiment increases (ultimately violating the 1m threshold imposed in TR 38.901). A better way to show that the approximation becomes better for larger path distances and smaller step size is to set  as a function of . In particular, one way to do this is to set  for  to enforce max step size of 1m. Fig. 4 shows the obtained error with this adjustment of T and different values of  . 
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Fig. 1. Two setups of UE circular motion: (a) Experiment A and (b) Experiment B



Fig. 2. Path-distance and AoA errors after 1 loop of updates in Experiment A with (
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[image: ][image: ][image: ][image: ]Fig. 4. Path-distance and AoA errors after 1 loop of updates in experiment B with adjusted T
Fig. 3. Path-distance and AoA errors after 1 loop of updates in Experiment B with fixed T ()


The above analysis is for 2D scenarios (i.e. all azimuth angles are considered equal to ).  For angle-of-departure (AoD), the relative 2D velocity of the UE with respect to each path depends on the number and orientation of the reflectors: In practice, there is a single rotational shift uncertainty. This is captured in Procedure A with the random variable  inside the rotation  in the UE velocity transformation in (7.6-10b), which is kept fixed to the initial sampled value throughout the procedure. Hence, the above results for AoA would also apply to AoD as well.
Based on the above, we have the following observations:
Observation 1: For small enough step size, Procedure A is functional for NLOS-based positioning, given that despite the random pairing of (AoD,AoA) clusters, geometric consistency over the UE mobility is maintained for path distance, AoA, and AoD even without explicitly specifying the locations and orientations of the reflectors.
Observation 2:  Due to discrete-time approximation used in Procedure A, errors accumulate over time (over UE mobility trajectory) in the delay and AoA/AoD estimates of the UT. In particular, errors are higher for UT trajectories close to the gNB, and the 1m update distance limit in Procedure A may be too coarse for use cases involving precise positioning. Therefore, care needs to be taken in selecting the UT update distance when evaluating NLOS-based positioning algorithms using Procedure A. 
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