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Introduction
In RAN #97, the following agreements on the scenario description for the indoor industrial channel modeling were reached: 
Agreements:
For the industrial scenario description, do the following:
· Add specific values (details FFS) for volume or size of room for each sub-scenario for calibration purposes
· In the clutter type, add a general description of the clutter characteristics
· FFS on details, e.g. examples of typical industrial clutter

Agreements:
Add an additional sub-scenario where both Tx and Rx are elevated above the clutter
· Use the same path loss model as sub-scenarios 3 & 4 as a starting point 
· Use 100% LOS
· Use the same fast fading model and parameters as sub-scenarios 3 & 4 as a starting point
· FFS on updates to these values if measurements or simulation results become available

Agreements:
Specify an additional penetration loss for devices embedded in machinery or enclosures
· FFS on details, including material and frequency dependence
· FFS on impact on LOS probability and fast fading

Agreements:
Merge path loss models per sub-scenario
· Perform multi-dimensional regression as a starting point
· FFS on weighting of results from different sources
· For the merging:
· Collect raw data (distance, power, f, antenna height, sub-scenario) from companies. Companies are encouraged to share the raw data via the channel model reflector
· Generate random variables from different path loss models where the raw data is not available, taking care to use similar number of samples as used to fit the reported model. Companies are encouraged to share model parameters using the excel file as in R1-1907405
· Fit the path loss and shadow fading using the combined raw data and generated random data

Agreement:
Derive a common LOS path loss model for all industrial sub-scenarios

Agreements:
Use the ABG or CI path loss model
· Frequency-dependence on the A and B parameters in the ABG model is FFS

Agreements:
Use a common LOS probability function for all sub-scenarios, with sub-scenario specific parameters:
·  
· Where 
· 
is the 2D distance between transmitter and receiver;
· 
 is the breakpoint distance 
· 
 is the breakpoint LOS probability 
· 
 is the exponential coefficient for corresponding sub-scenario 
· The parameter values for the different sub-scenarios is FFS, including:
· how to merge results from different sources 
· whether the parameter values should be obtained from empirical curve-fitting or analytical considerations
· whether the parameters should be dependent on the clutter density and size

Agreements:
For compiling a full table for the LSP parameters, proceed as follows:
· Collect LSP proposals from all companies using the excel file in R1-1907407 as the template
· Merge these proposals into a single table
· In case of conflicting proposals, decide on a case-by-case basis whether one proposal should be used or some averaging or merging should be performed
· In case of missing parameters, reuse values from similar sub-scenarios or from InH
· Use the compiled table as the starting point for the fast fading modeling (i.e. put the values in square brackets)
· Further review may be necessary to ensure that the parameter values are compatible with each other
· Additional contributions , e.g. an email discussion after RAN1#97, are encouraged
· Set cross-correlations that have absolute values less than 0.5 to zero to simplify the model.
· Companies are encouraged to verify the statistical confidence especially on the high cross-correlation values.

Agreements:
Use a model for the rms delay spread that is dependent on the hall volume
· FFS on whether to use common or separate rms delay spread parameterizations per sub-scenario
· FFS on the need for frequency- and distance-dependence

Agreements:
Specify the correlation distances for spatial consistency for the industrial scenario. 
· Use [10] m for the cluster and ray specific random variables as a starting point
· FFS on need to distinguish between sub-scenarios
· Additional measurements or simulation results are encouraged

Agreements:
Specify the following types of blockers for use with Blocking model B:
· Human – with dimensions and mobility pattern same as for indoor and outdoor scenarios
· AGVs or moving trains – dimensions and mobility pattern FFS
· Industrial robot– dimensions and mobility pattern FFS
· FFS on the need for specifying the number and density of the blockers

Agreement:
Consider whether and how any change to Blocking model A is needed for multi-TRP

Agreements:
Dual mobility should be modeled as follows:
· Doppler for the LOS path:
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· Doppler for the delayed paths:
	
where  is a random variable from  to ,   is the maximum speed of the clutter. The distributions of and  should be FFS.
· To account for the fact that most scatterers are stationary, the random variable  should be 0 for most combinations of n and m but could be 1 with some low probability.

Agreements:
For absolute delay modeling, use a random distribution to model  in NLOS conditions
· FFS on the choice of random distribution, e.g. among the below (or other) options:
· Option 1:  follows a lognormal distribution, with different parameterization per sub-scenario
· Option 2: follows an exponential distribution
· Option 3: follows a Gaussian distribution, truncated so that  >=0
· The value for  should be upper bounded 
· FFS whether the upper bound should depend on the cluster powers in relation to the path loss 
· FFS on the need for modelling inter-link correlations for the LOS/NLOS state and for 

Agreement:
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.

In this contribution, we discuss some specific channel-modeling considerations for precise positioning, which often is indicated as a strong requirement in industrial use-cases. 
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 below, 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. 
Spatially-consistent mobility modeling procedure
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. 
From the aforementioned discussion, we have the following proposal on a possible update to Procedure A in section 7.6.3.2 in TR 38.901 for precise positioning:
Proposal 3: The spatially-consistent mobility modeling procedures in TR 38.901, e.g., Procedure A in section 7.6.3.2, can continued to be used for precise positioning with the following change: The update distance takes into account the expected minimum distance of the UE trajectory to gNB; For instance, one option to consider would be to have the update distance to be the minimum of 1m (currently suggested) or 1/10th  of the minimum distance.
Conclusion
In this contribution, we have discussed the following proposals:
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. 
Proposal 3: The spatially-consistent mobility modeling procedures in TR 38.901, e.g., Procedure A in section 7.6.3.2, can continued to be used for precise positioning with the following change: The update distance takes into account the expected minimum distance of the UE trajectory to gNB; For instance, one option to consider would be to have the update distance to be the minimum of 1m (currently suggested) or 1/10th  of the minimum distance.
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