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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 other modeling aspects that have been discussed are summarized in the following:
Proposal 1: The blocking model in 38.901 may be adapted for industrial scenarios
- Derive new model parameters for Blocking models A and B to represent industrial objects (AGVs, robots)
	o Companies are encouraged to provide parameters
	o The resulting blocking loss should be checked against measurements
	o FFS to understand the combination of shadow fading and blocking model 

Proposal 2: Add an additional delay τ0 for absolute time of arrival modeling
- In LOS, τ0 = d3D/c
- In NLOS, τ0 = d3D/c + Δτ
	o FFS on how to model Δτ, e.g. by random or deterministic procedure

Proposal 3: Adapt the dual mobility modeling of 37.885 for industrial scenarios, details FFS
- Note: Random Doppler of moving scatterers may be different in the industrial scenario than in V2x

Proposal 4: Model the channel between the EM interferer and BS or UE using the same channel model as for the BS-UE links
- Note: The interfering equipment may not necessarily be a point source
- Note: Characterization of the EM interference source is out of the scope of the present SI, and other groups (e.g. RAN4) may be more competent to handle such work

Proposal 5: Revisit spatial consistency procedures when the fast fading model is stable
In this contribution, we further discuss some of these aspects of indoor industrial channel modeling that may require additional consideration, including blockage modeling. We also discuss some specific channel-modeling considerations for precise positioning, which often is indicated as a strong requirement in industrial use-cases. 
Blocking Models for Industrial Scenarios
In industrial scenarios, the presence of many moving metallic objects, e.g., robotic arms, AGVs, cranes, etc., can create significant blockage events.  This can have sizable impact on achieving key KPIs: In particular, achieving high reliability within specified latency constraints. TR 38.901 [2] provides an optional add-on feature to the channel model for blockage modeling. First, given the significant impact on the key KPIs in industrial scenarios, blockage modeling should be considered mandatory for such scenarios. Second, TR 38.901 provides two models, Model A and Model B, for modeling blockage, where Model A is based on a statistical approach, while Model B is based on a geometric approach.  Both models have their advantages and disadvantages: Model A provides a more consistent statistical-modeling approach for large-scale parameters, as also the case with LOS probability and shadowing, as well as enables significantly faster simulations; while Model B allows for more detailed geometric-based modeling. Given that for high-reliability modeling both aspects may be important, both Model A and Model B should be considered. However, both models will require further elements to make them more applicable to industrial scenarios. Specifically, in Model A, given that transmissions to a UE can happen jointly from multiple TRPs, spatial correlation needs to be modeled not just from the UE/blockers’ movement perspective but also from the multi-point transmission aspect as well. In Model B, explicit values of the number of blockers and their size distribution would need to be specified based on different sub-scenarios being considered, e.g., based on the clutter density and the gNB/TRP height. Based on this, we have the following proposals:
Proposal 1: Given typically high-reliability requirements, as well as likely presence of many blockers, in industrial use-cases, RAN1 should make blockage modeling mandatory for industrial scenarios. 
Proposal 2: Consider evolving both Model A and Model B of TR 38.901 to include additional aspects of industrial scenarios. In particular, consider multi-TRP aspects for Model A and consider specifying explicit values of the number of blockers and their size distribution in Model B for different industrial sub-scenarios. 
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 (cf. Proposal 2 in Section 1), 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, as well as likely presence of many blockers, in industrial use-cases, RAN1 should make blockage modeling mandatory for industrial scenarios. 
Proposal 2: Consider evolving both Model A and Model B of TR 38.901 to include additional aspects of industrial scenarios. In particular, consider multi-TRP aspects for Model A and consider specifying explicit values of the number of blockers and their size distribution in Model B for different industrial sub-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.
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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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