Page 1
  
3GPP TSG-RAN WG1 #97	R1-1907300
May 13th – 17th, 2019
Reno, Nevada, USA

[bookmark: Source]Agenda item:	7.2.11.1
Source: 	Qualcomm Incorporated
Title: 	Discussion on Description of Indoor Industrial Scenarios
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN #96bis, the following agreements on the scenario description for the indoor industrial channel modeling were reached: 
Agreements:
[bookmark: _Hlk535322247]A new Indoor - Industrial scenario (IIoT) is added to TR 38.901
· 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
Agreements:
Adopt a sub-scenario according to the table below
· Note: Further sub-scenarios may be adopted if needed
	Parameters
	Sub-scenario 1

	Layout
	Room size
	Rectangular: [FFS, e.g. 5000-20000 m2] 

	
	Ceiling height
	[FFS: e.g. 10-25 m]

	
	External wall type
	[Concrete walls with metal-coated windows]

	Clutter type
	[Small to medium metallic machinery and objects]

	Clutter density and distribution
	FFS

	Clutter height
	FFS

	BS antenna height hBS
	[clutter-embedded or above clutter]

	UT location
	LOS/NLOS
	LOS and NLOS

	
	Height hUT
	[Clutter-embedded]



Agreements:
The baseline scenario may be extended by any of the following options
· Sources of EM interference: TBD how to specify
· Clutter mobility: TBD how to specify
· Mobile gNBs or D2D communication leading to dual mobility

Agreements:
Introduce four industrial sub-scenarios
· Sub-scenario 1: Low clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 2: High clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 3: Low clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Sub-scenario 4: High clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Definition of “low” and “high” clutter density is FFS
· As a starting point, a common set of fast fading parameters are used for LOS in all four sub-scenarios
· FFS if other parameters can be merged across scenarios
· Companies are encouraged to provide parameterizations for each of the sub-scenarios
· Path loss model
· LOS probability
· Fast fading model parameters
· FFS on the need for further sub-scenarios, e.g. for sensors embedded within cubicles or machinery 

Agreements:
In the scenario description of sub-scenarios 1-4, the factory hall size and height are given by
· Hall size is [20]-[160000] m2, ceiling height is [3]-[25] m
· Note: The sizes may be different for different sub-scenarios
· Note: The range may be collapsed into a single value
Agreements:
Specify the external wall and ceiling type for the sub-scenarios 1-4 as “concrete or metal walls and ceiling with metal-coated windows”
· Note: For worst-case coexistence or interference evaluations, low loss external wall type may need to be considered
· Note: FFS on need for specifying internal walls and floor/ceiling for multi-floor or multi-hall factories

Agreements:
Clutter density can be defined as the percentage of area occupied by clutters inside factory. Threshold between high density and low density is FFS.
· Note: Whether the clutter is solid or hollow may also affect the effective clutter density
· Considerations on clutter height is FFS
· Companies are encouraged to quantify the clutter density in their studies

Agreements:
Consider using the proposed simulation settings in the table below as a starting point for channel model calibration
	Parameter
	Values

	Scenario
	Indoor industrial – sub-scenarios 1-4

	Room size
	100x100 m

	Room height
	10 m

	Sectorization
	None

	BS antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	UT antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	Handover margin (for calibration)
	0dB

	BS deployment
	Rectangular grid with ISD = 20 m, FFS on exact grid and number
BS height = [1.5] m or 8 m

	UT distribution 
	uniform dropping for indoor with minimum distance ([2D or 3D]) of [1] m
UT height = 1.5 m

	UT attachment
	Based on pathloss 



In this contribution, we further discuss some of these aspects of indoor industrial channel modeling that may require additional consideration, including number of scenario descriptions for reliability and the need for additional modeling for devices embedded inside machinery and/or enclosures. 
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.
Scenarios with Embedded Devices
[bookmark: _GoBack]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. This can be through either a separate sub-scenario or a set of sub-scenarios with the description of the device embedding state and the corresponding channel parameters, e.g., additional pathloss, different LOS probability, shadow/blockage parameters, etc. An alternative would be to consider for each of the 4 sub-scenarios agreed upon a fraction of devices being embedded and define two sets of channel parameters, corresponding to whether the device is embedded or not.
[bookmark: _Hlk4585715]Proposal 2: Consider defining a set of sub-scenarios and corresponding channel parameters for industrial use-cases with devices embedded in machinery and/or enclosures. Alternatively, for each of the 4 sub-scenarios already agreed upon, consider a fraction of devices being embedded and define two sets of channel parameters, depending on whether the device is embedded or not. 
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.
[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.  
From the above, 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 3: Consider modeling additional pathloss due to device embedding that depends at least on the material of the enclosure and the operating frequency.
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.
Proposal 4: Consider the impact of device embedding on other channel-model parameters, including LoS probability and small-scale parameters. 
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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.
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Figure 2. Received power at different Rx antenna locations within enclosed cubicle: (a) 3.75GHz and (b) 5.775 GHz.




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: Consider defining a set of sub-scenarios and corresponding channel parameters for industrial use-cases with devices embedded in machinery or enclosures. Alternatively, for each of the 4 sub-scenarios already agreed upon, consider a fraction of devices being embedded and define two sets of channel parameters, depending on whether the device is embedded or not. 
Proposal 3: Consider modeling additional pathloss due to device embedding that depends at least on the material of the enclosure and the operating frequency.
Proposal 4: Consider the impact of device embedding on other channel-model parameters, including LoS probability and small-scale parameters.
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