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1	Introduction
This document is intended to capture input from companies in the following email discussion:
[96b-NR-08b] Scenario description
· Collect company input on scenario description– until April 24, 2019
· Agree on way forward – until May 2, 2019

[bookmark: _Ref178064866]2	Background and scope
In RAN1#96bis, a number of agreements for the indoor industrial channel model SI were reached. The agreements with relevance for the scenario description are copied below. In this email discussion, companies are invited to provide further views on the indoor industrial scenario and how this should be captured in the channel model.

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 




3	Email discussion topics
The following table represents a possible way of capturing the above agreements and may be used as a reference for the email discussions. 


Table 1	Indoor Industrial scenario parameters
	Parameters
	Sub-scenario 1
	Sub-scenario 2
	Sub-scenario 3
	Sub-scenario 4

	Layout
	Room size
	Rectangular: [20]-[160000] m2
	Rectangular: [20]-[160000] m2
	Rectangular: [20]-[160000] m2
	Rectangular: [20]-[160000] m2

	
	Ceiling height
	[3]-[25] m
	[3]-[25] m
	[3]-[25] m
	[3]-[25] m

	
	External wall and ceiling type
	Concrete or metal walls and ceiling with metal-coated windows

	Clutter type
	[Small to medium metallic machinery and objects]
	[Small to medium metallic machinery and objects]
	[Small to medium metallic machinery and objects]
	[Small to medium metallic machinery and objects]

	Clutter density and distribution (definition of Low and High is FFS)
	Low
	High
	Low
	High

	Clutter height
	FFS
	FFS
	FFS
	FFS

	BS antenna height hBS
	Clutter-embedded
	Clutter-embedded
	Elevated over clutter
	Elevated over clutter

	UT location
	LOS/NLOS
	LOS and NLOS
	LOS and NLOS
	LOS and NLOS
	LOS and NLOS

	
	Height hUT
	Clutter-embedded
	Clutter-embedded
	Clutter-embedded
	Clutter-embedded




3.1	Further details on agreed sub-scenarios
Please provide your views on the FFS parts or bracketed values for the agreed sub-scenarios in Table 1. 

	Company
	Views
	Proposals

	Ericsson
	The room sizes and ceiling heights within brackets in the table span the ranges of halls in which measurements have been obtained as reported in R1-1905715. As we have previously observed, the main impact of the hall size on the channel characteristics is for the delay spread, where we have proposed a functional dependence on the hall volume (size * height). Thus, we can account for different hall sizes within the same sub-scenario. Hence, there is no need to further restrict or down-select the room size and ceiling height.
For a potential user of the channel model it needs to be obvious what the different sub-scenarios represent so that a suitable one can be selected for a given evaluation need. However, there seem to be a great diversity of the types of clutter depending on the type of facility, including various kinds of machinery, AGVs, storage, shelves, assembly lines etc. The exact type of the clutter may not be so important as the clutter density.

	· Remove the square brackets around the Room size and Ceiling height ranges
· Remove the “clutter type” and “clutter height” rows from the table and instead add a generalized description of clutter when introducing the indoor industrial scenario which exemplifies with different types of clutter that have been observed. 

	ZTE
	The possible scenarios using IIOT Channel may be variant, and the span range in the table reflects the current measurement and simulation result, so it’s reasonable to keep the span range in current layout configurations.
	1. Remove the square brackets in the row of room size;
2. Remove the square brackets in row of ceiling height;
3. Combine clutter type and clutter height into a single one: general description of the clutter characteristics, e.g. mainly composed by metallic components in a factory or workshop including robots, AGVs, shelves, integration platform, etc.

	NTT DOCOMO
	It seems propagation characteristics of IIOT environment are mainly decided by volume of room, clutter density and relation between BS antenna height and clutter height, therefore, definition of clutter height does not seems important.
And current range of volume of room is so large, therefore, it seems difficult for user to decide the room size to start studies when the specific volume of room is not decided, therefore, typical volume of room seems convenient for channel model users.

	1. Remove the “ “clutter height” rows from the table.
2. Add typical volume of room. Specific value is FFS (Starting point can be 360000 m^3 of 5G-ACIA 's scenario).

	Qualcomm
	Given the broad range of industrial environments, as well as typically high-reliability requirements in industrial use-cases, keeping the layout range as broad as observed in practice would provide better indication of the KPIs. 
In addition, a typical set of values can be defined for each sub-scenario to have a common setup for evaluation and comparison.
	· Consider the full range of layout parameters for industrial scenarios as observed in practice. 
· Define a typical set of layout values for each sub-scenario.

	Nokia
	It is reasonable to keep the above-detailed open ranges for “room size” and “ceiling height”. 
We would also like to keep the “clutter height” parameter (as it can be used to discriminate between scenarios 1-3, and 2-4) – it can be given in an open range similar to the room size and ceiling height (ensuring that clutter height < ceiling height). 
For potential users of the channel model, a canonical example of each of the sub-scenarios, including typical clutter compositions (similar to the reported in R1-1904823), could be given together with the parametrization as extra information to decide with sub-scenario should be used. 
	· Remove the square brackets in the row of room size;
· Remove the square brackets in row of ceiling height;
· Keep clutter height as an open range ensuring that clutter height < ceiling height
· Add a generalized description of canonical scenarios and clutter types when introducing the indoor industrial scenario.

	Huawei
	The threshold between the low clutter density and the high clutter density is still an open question. It can be done based on 1) the floor space (percentage of clutter), 2) the combined floor space and relative height/type of clutter, 3) visual inspection, 4) measurement data analysis, or 5) topology. The visual inspection could be done by grouping several photographs in to the low/high clutter density categories.
Previous agreement suggests the percentage of floor space (“can be”), but the details are still FFS.
Most of the factories are high clutter density with many metallic shelves, metallic fences as well as other blocking objects. However, some other areas, e.g. commissioning area or office space will be low clutter density. Clutter classification could be adjusted based on the specific topology if the detail environment information is available.
	· Further discussion on the low vs. high clutter density within the RAN1 IIOT SI is needed.



3.2	Additional sub-scenarios
Please discuss whether additional sub-scenarios are required and if so, how these should be defined. 
	Company
	Views
	Proposals

	Ericsson
	In general, we are reluctant to add more sub-scenarios since this increases the general complexity and might require more effort in parameterization. However, there could be an argument for including a sub-scenario for links between base stations that are elevated above the clutter. If added, we propose that this sub-scenario is 100% LOS and reuses the path loss and fast fading models from the agreed sub-scenarios 1-4. 
	· Consider adding a fifth sub-scenario for links between elevated base stations, using 100% LOS and same model parameters as LOS links in sub-scenarios 1-4.

	ZTE
	For the scenario, where both BS and UT are elevated above clutters, it is proposed to reuse the path loss model in sub-scenario 3/4 and 100% LOS probability. 
Regarding to the fast fading parameters, angular spread may be different from the sub-scenarios with all UT embedded, and if measurement or simulation results are available during the IIOT CM modeling campaign, we propose to update the corresponding parameters accordingly.
	1. For the sub-scenario with both UT and BS elevated above clutter, path loss model in sub-scenarios 3/4 can be reused with 100% LOS probability.
2. Regarding fast fading model, if measurement or simulation result are available, the corresponding parameters shall be updated accordingly.

	Nokia
	A scenario where both BS and UT are elevated above clutter, can be easily incorporated to the 4 sub-scenarios by adding the option of “elevated above clutter” for the UT location parameter, and stating a parametrization for the case in which both BS antenna height and UT location are elevated above clutter (can also be a simple separate 5th sub-scenario as proposed above). In such situation,100% LOS should be used together with the LOS path loss and fast fading models from the agreed sub-scenarios 1-4.
	· Consider adding the elevated above clutter option fort UT location or adding a fifth sub-scenario for links between elevated base stations and elevated UT, using 100% LOS and same model parameters as LOS links in sub-scenarios 1-4.

	Huawei
	The current sub-scenarios assume the UE is always clutter-embedded. Above clutter to above clutter link is missing. Additionally, some special scenarios such as the very high path loss scenario in a nuclear plant reported by CEA-LETI could be considered as well.
	· Add at least above to above clutter sub-scenario.



3.3	Embedded devices
Please provide your views on whether to consider devices embedded inside machinery or enclosures, and if so, how these should be accounted for in the scenario description.
	Company
	Views
	Proposals

	Ericsson
	In R1-1905036, Qualcomm identified a use case with devices embedded in machinery or enclosures. If such a use case is typical it would be preferable if the channel model can support evaluations with these devices. The presence of embedded devices seems possible in any of the sub-scenarios that have been agreed so far. With this in mind, perhaps the best way of supporting embedded devices is to specify an extra (optional) penetration loss for these devices, or alternatively to define an effective antenna pattern which also takes the enclosure into account. A user of the model could then decide if and how many of the devices that are embedded and apply the corresponding loss or antenna model to these devices only. 
	· Account for embedded devices either by (optionally) adding an extra penetration loss or by specifying an effective antenna pattern that takes the enclosure into account

	ZTE
	A penetration loss can be used for the modeling of devices embedded in machinery or enclosures.
	A penetration loss can be used for the modeling of devices embedded in machinery or enclosures.

	Qualcomm
	As discussed in R1-1905036, device embedding in machinery and/or enclosures can have sizable impact on the channel and thus performance. In particular, additional pathloss of up to 21 dB has been observed in some scenarios. Indeed, one way to model this would be to include a penetration-loss parameter, whose value depends at least on the enclosure material and the operating frequency. In addition, there may be 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.
	· Consider modeling additional pathloss due to device embedding that depends at least on the material of the enclosure and the operating frequency.
· Consider the impact of device embedding on other channel model parameters, including LoS probability and small-scale parameters. 

	Nokia
	Use simple penetration loss, or an effective antenna gain (with negative gain) to account for the extra losses due to embedment inside machinery. Such parameter could be frequency and material dependent in case there are empirical evidences available. 
To ensure simplicity, we do not see any specific needs of modifying other channel model parameters.
	· Account for embedded devices either by (optionally) adding an extra penetration loss or by specifying an effective antenna pattern that takes the enclosure into account.




3.6	Calibration scenario
The following table was agreed to consider as a starting point for the simulation settings for channel model calibration. Please provide your views and inputs.
	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 



	Company
	Views
	Proposals

	Ericsson
	There are some issues with the proposed settings.
	· Use half-wave dipole antenna patterns instead isotropic patterns to avoid undefined polarization directly above or below the antenna
· Specify BS deployment grid as [10,30,50,70,90] m in x and y
· Set the lower BS height as 2 m to avoid issues with minimum dropping distance. UTs can then be dropped at any location

	ZTE
	Use isotropic antenna pattern with 2D minimum 0.5m distance when dropping UTs.
Both higher and lower BSs are proposed in calibration.
	1. Isotropic antenna with 2D minimum 0.5m distance is proposed.
2. 2m BS height is proposed.

	
	
	



3.7	Further views on the scenario description
Please provide any additional views on the scenario description that has not already been captured in the previous sections.
	Company
	Views
	Proposals

	
	
	

	
	
	

	
	
	




Way forward
[bookmark: _Hlk8026985]The following proposals were treated in the email discussion [96b-NR-08b] and will be used as the basis for further offline and online discussions at RAN1#97.

Proposal 1: For the industrial scenario description, do the following:
· Add typical values (details FFS) for volume or size of room for each sub-scenario
· In the clutter type, add a general description of the clutter characteristics
· FFS on details, e.g. examples of typical industrial clutter

Proposal 2: 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 
· 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

Proposal 3: 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
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