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1	Introduction
This contribution contains some further proposals for the industrial channel model based on informal offline discussions during RAN1#96bis. 


[bookmark: _Ref178064866]2	List of agreements from offline
The following proposals were discussed and reached consensus in informal offline discussions:
2.1	Scenario description
Proposal: In the scenario description of sub-scenarios 1-4, the factory hall size and height is 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

Proposal: 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

Proposal: 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


Proposal: 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 



3	Proposals that were not discussed in offline or did not reach consensus
The following proposals were not treated or did not reach consensus in the offline discussions. 
3.1	Scenario description
Proposal: 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.

3.2	Path loss
Proposal: For LOS path loss
· Option 1: Use a common LOS path loss model in LOS state for all industrial sub-scenarios with path loss exponent [close to 2 or 1.855] and SF [2.15 or 3] dB
· Option 2: ABG model for each sub-scenario

Proposal: For NLOS path loss
· Option 1: Use the CI model with an exponent dependent on frequency, BS height and clutter density 
· Option 2: Common CI path loss models for certain sub-scenarios
· Elevated gNB: path loss exponent of approximately 2.5 and standard deviation of shadow fading of approximately 3-6 dB
· Clutter-embedded gNB: path loss exponent of approximately 3.2 and standard deviation of shadow fading of approximately 6-8 dB
· Apply simple free space frequency scaling for the path loss
· Option 3: ABG model for each sub-scenario

Proposal: Consider modeling additional pathloss due to device embedding that depends at least on the material of the enclosure and the operating frequency
3.3	LOS probability
Proposal: The correlation distance in LOS probability is given by
· For BS above the clutter: 20m;
· For BS embedded in clutter: 18m.

3.4	Fast fading modelling

3.5	Additional modelling components
3.5.1	Blocking
Proposal: The blockage loss could be treated according to the density of the obstructers.
Proposal: 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: 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: For the industrial scenario, consider the following types of blockers with Blocking model B: humans, AGVs and robotic arms.
	
	Typical set of blockers
	Blocker dimensions
	Mobility pattern

	Indoor; Outdoor; Industrial
	Human
	Cartesian: w=0.3m; h=1.7m
	Stationary or up to 3 km/h

	Outdoor
	Vehicle
	Cartesian: w=4.8m; h=1.4m
	Stationary or up to 100 km/h

	Industrial
	AGV
	FFS
	FFS

	Industrial
	Robotic arm
	FFS
	FFS



3.5.2	Absolute delay
Proposal: Modeling of :
· Option 1: Log-normal, with parameters per sub-scenario and limitation of delay according to path loss with respect to free space loss
· Option 2: Calculated using DoD/DoA pairing with single reflection assumption
· Option 3: Gaussian, with truncation so that  >=0

Summary
The following proposals were discussed and reached consensus in informal offline discussions:

Proposal: In the scenario description of sub-scenarios 1-4, the factory hall size and height is 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

Proposal: 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

Proposal: 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

Proposal: 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 
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