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Introduction
In RAN #97, the following agreements on the pathloss modeling 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

In this contribution, we further discuss some of these aspects of indoor industrial channel modeling that may require additional consideration: specifically, modeling for devices embedded inside machinery and/or enclosures. 
Scenarios with Embedded Devices
[bookmark: _Hlk4585715]In industrial scenarios, devices, such as sensors and actuators, are often expected to be embedded within machinery and/or enclosures. For example, various position sensors and actuators for tracking/actuating different degrees of freedom of a robotic arm are likely to be near the corresponding portions of the arm. In addition, the robotic arm itself may be housed in an enclosure due to work isolation/safety considerations. As illustrated through measurement results later, such placement can have sizable impact on channel conditions, e.g., additional pathloss due to enclosures. These aspects have not been traditionally considered, for example, in the Indoor-Hotspot model in TR 38.901, and will require additional modeling to be introduced. 
We next discuss some measurement results for such scenarios.
Measurements for embedded scenarios
[bookmark: _Hlk4771545]In this section, we present the results of some measurements performed in a machine-shop environment at two operating frequencies 3.75GHz and 5.775GHz. In both cases, sounding was done with Keysight MXG Vector Signal Generator and analyzed at the receiver through Keysight PXA Vector Signal Analyzer, with operating bandwidth of 100MHz. The Tx antenna was placed at height 3.5m, with transmit power 19dBm.
In one set of measurements, the Rx antenna location was varied at different embedded locations near/on a robotic arm that was housed at the center of a wire-mesh cage of dimensions 3x3x3m and was located 12.5m away from the Tx antenna: First location, Rx2-1, was just outside the cage at height 1.56m; Second location, Rx2-2, was just inside the cage on the same side as Rx2-1 and at the same height of 1.56m; Rx2-3 was on the raised middle joint of the robotic arm at height 1.95m; Rx2-4 was at the first joint of the arm (close to the base) and away from the Tx side at height 1.54m; Lastly, Rx2-5, was at the base of the arm and away from the Tx side at height 1.0m.  The overall factory setup can be considered as having high clutter density, although there was clear line-of-sight from Tx to the cage for these measurements. The results of measurements are given in Figure 1. 
As clear from Figure 1, some embedded locations can experience sizable additional pathloss, e.g., Rx2-4, which is on the other side of the robotic arm, experienced additional loss of 7dB and 21dB at 3.75GHz and 5.775GHz, respectively, as compared to just outside the wire-mesh cage.
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Figure 1. Received power at different Rx antenna locations Rx2-1 – Rx2-5: (a) 3.75GHz and (b) 5.775 GHz.


[bookmark: _Hlk4771634]Figure 2 plots another set of measurements taken at various locations inside an enclosed cubicle made of large plexiglass-covered openings, with metal/polymer surrounding support.  The dimensions of the cubicle were 3x3x3m. The Tx antenna was 15.7m away and the Rx-antenna locations Rx3-1 – Rx3-6 were at height 1.85m, while Rx3-7 was at height 2.1m. The inside of the enclosed cubicle can be characterized as having medium clutter density. In this scenario, the observed additional pathloss is up to 4dB and 6dB at 3.75GHz and 5.775GHz, respectively.  
Pathloss modeling for embedded scenarios
From the above, as well as from other measurement results in literature, e.g., [3], it is clear that device embedding can have significant impact on pathloss. The additional pathloss experienced depends on the material of the enclosure, as well as on the operating frequency. Based on this we have the following proposal:
 Proposal 1: Model additional pathloss due to device embedding that depends at least on the material of the enclosure and the operating frequency.
More specifically, a procedure similar to Section 7.4.3.1 in TR 38.901 [2] can be followed to arrive at specific values for the additional penetration loss due to device embedding. Hence, similar to (7.4-2), an additional term can be introduced in the pathloss to account for the device-enclosure loss:


where  is the path-loss derived from the agreed pathloss model for indoor industrial scenarios without device embedding,   is the enclosure penetration loss, and σP is the standard deviation for the penetration loss.
Similar to (7.4-3) in [2],  can be obtained from the following:





where  is an additional loss added to the device-enclosure loss to account for non-perpendicular incidence; , is the penetration loss of material i, example values of which can be found in Table 7.4.3-1 [2] (illustrated below);  is proportion of i-th materials, where ; and N is the number of materials.
[bookmark: _Ref445048671][bookmark: _Ref445048576]Table 7.4.3-1 [2]: Material penetration losses
	Material
	Penetration loss [dB]

	Standard multi-pane glass
	


	IRR glass
	


	Concrete
	


	Wood
	


	Note:	f is in GHz



The above table can be expanded to include typical materials for device enclosures: Wire meshes, metal/polymer enclosures with varying fraction of plexiglass-covered openings, etc. 
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Figure 2. Received power at different Rx antenna locations within enclosed cubicle: (a) 3.75GHz and (b) 5.775 GHz.



Proposal 2: A procedure similar to TR38.901 clause 7.4.3.1 for modeling the building penetration loss can be utilized to model the additional pathloss due to device embedding, with updated penetration losses for material types seen in typical device enclosures.    
In addition, device embedding can have significant impact on other channel parameters as well, including LoS probability and small-scale parameters, which may be particularly important for the reliability and positioning aspects in industrial environments. For instance, [3] discusses the sizable impact of device enclosures on the measured values of K-factor and the channel-envelope variance. 
Proposal 3: Consider the impact of device embedding on other channel-model parameters, including LoS probability, K-factor, the channel-envelope variance, among others.  

Conclusion
In this contribution, we have discussed the following proposals:
Proposal 1: Model additional pathloss due to device embedding that depends at least on the material of the enclosure and the operating frequency.
Proposal 2: A procedure similar to TR38.901 clause 7.4.3.1 for modeling the building penetration loss can be utilized to model the additional pathloss due to device embedding, with updated penetration losses for material types seen in typical device enclosures.    
Proposal 3: Consider the impact of device embedding on other channel-model parameters, including LoS probability, K-factor, the channel-envelope variance, among others.  
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