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1	Introduction
The purpose of the present tdoc is to lists all agreements that have been made so far in the Study on Channel Modeling for Indoor Industrial Scenarios [1]. A text proposal in the form of a draft CR to TR 38.901 that implements these agreements is available in [2].

[bookmark: _Ref178064866]2	List of agreements
The following agreements were made at RAN1#96b:

Agreements:
· The channel model should cover 0.5-[100] GHz, where the upper range can be less than 100 GHz depending on the availability of scientifically validated measurement and/or simulation data that the model can be validated against
· Note: According to the SID, priority should be given to channel modeling for frequency ranges below 52.6GHz

Agreements:
· A common modeling methodology for all bands should be adopted, where model parameters can be frequency-dependent
· Note: Some additional model components, such as oxygen absorption or EM interference from machinery, may be applicable only to a subset of frequencies

Agreements:
· LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 
· Separate path loss and shadow fading models are used for LOS and NLOS
· The correlation of LOS probability for different links TBD
· Spatial consistent transitions between LOS and NLOS states to be further studied

Agreements:
· Absolute time of arrival of multipath components in LOS and NLOS is added as an additional modeling component
· Note: This modeling component is provided to support simulations in which absolute time of arrival is important (e.g., ToA based positioning)

Agreements:
· Doppler due to moving clutter or dual mobility is added as an optional feature in the model
· Note: the channel coefficient equations will need to be updated for these cases

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:
For comparison results from different sources, the following is recommended
· For mean angle and angular spread, the definitions in 38.901 Annex A should be used
· For all other parameters, the definitions and procedures for calculation of parameter values should follow WINNER II part 2
· Consider the guidance for comparability in mmMAGIC D2.2 Table 3.1 when comparing results from different frequencies
· Companies are encouraged to describe any additional methods used for data extraction like super-resolution methods

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:
Develop new path loss models for the industrial scenario by collecting reported and new path loss measurements
· Companies are encouraged to provide path loss curves and the distance ranges for which these have been derived
· The data should be categorized according to the (sub-)scenario, e.g. LOS or NLOS, clutter density, antenna heights
· Derive path loss models by averaging over similar (sub-)scenarios
· Note: It is suggested to plot the path loss or excess loss curves vs distance from different sources in the same diagram to find overall trends

Agreements:
If O2I modelling is needed, use the high penetration loss model from TR 38.901 as a starting point
· Revisit this if measurements become available

Agreements:
At least the dependency on Tx-Rx 2D distance and clutter density should be considered for the modeling LOS probability. 
· Derive LOS probability curves for each sub-scenario
· Companies are encouraged to provide results on the LOS probability

Agreements:
Modelling on the spatial consistency of LOS probability should be supported with followings:
· As a starting point, reuse the “soft LOS” in TR38.901 to model the LOS/NLOS transition
· Companies are encouraged to provide the value of auto-correlation distance of LOS state
· The LOS states for different BS-UT links for the same UT are assumed to be independent as baseline 
· Cross-correlation of the LOS probability among such links can be considered if simulation/measurements data are available

Agreements:
LOS state is defined by the visual/optical line of sight between Tx and Rx

Agreements:
Use the fast fading modelling framework of TR 38.901 for the industrial scenario
· Companies are encouraged to provide contributions on parameter values for the different sub-scenarios
· For parameters where there are no measurements, use values from InH as the baseline
· Note: The InH parameters may be “smartly adapted” 

Agreements:
The hall volume dependence of the channel model parameters such as the delay spread is FFS
· Companies are encouraged to provide CDFs and percentiles + parameterizations per sub-scenario

Agreements:
FFS on how to capture the dense multipath as observed in some measurements
· Options could include:
· Increasing the number of clusters to emulate the dense multipath but keeping fixed 20 rays per cluster according to the modeling framework
· Or, keeping the number of cluster but increasing the number of rays and intra-cluster delay spread

Agreements:
The blocking model in 38.901 may be adapted for industrial scenarios as an additional component
· Derive new model parameters for Blocking models A and B to represent industrial objects (AGVs, robots)
· Companies are encouraged to provide parameters
· The resulting blocking loss should be checked against measurements
· FFS to understand the combination of shadow fading and blocking model 

Agreements:
· Add an additional delay 0 to all cluster delays for absolute time of arrival modeling
· In LOS, 0 = d3D/c
· In NLOS, 0 = d3D/c +  
· FFS on how to model , e.g. by random or deterministic procedure

Agreements:
The Doppler model considering dual mobility shall be based on TR 37.885. The random component due to scatterer mobility is FFS
· Note: Random Doppler of moving scatterers may be different in the industrial scenario than in V2X

Agreements:
Model the channel between the EM interferer(s) and BS or UT using the same channel model(s) as for the BS-UT links
· Note: The interfering equipment may not necessarily be a point source
· Note: Characterization of the EM interference source is out of the scope of the present SI, and other groups (e.g. RAN4) may be more competent to handle such work

Agreement:
Revisit spatial consistency procedures when the fast fading model is stable

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 




The following agreements were made at RAN1#97:
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

Agreements:
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

Agreements:
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:
	[image: ], 
	[image: ]
	[image: ]
· 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 

Agreements:
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.

The following agreements were made in the email discussion [97-NR-10] [3]:

Agreement: 
Adopt the following descriptions for the indoor industrial scenario

	
	Indoor Industrial

	Parameters
	Sub-scenario 1
	Sub-scenario 2
	Sub-scenario 3
	Sub-scenario 4
	Sub-scenario 5

	Layout
	Room size
	Rectangular: [20-160000]  m2  

	
	Ceiling height
	[5-25] m
	[5-15] m
	[5-25] m
	[5-15] m
	[5-25] m

	
	Effective clutter height
	< Ceiling height, [0-10] m 

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

	Clutter type
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	Big machineries composed of regular metallic surfaces. 
For example: several mixed production areas with open spaces and storage/commissioning areas
	Small to medium metallic machinery and objects with irregular structure. 
For example: assembly and production lines surrounded by mixed small-sized machineries.
	-

	Typical clutter size, 
	10 m
	2 m
	10 m
	2 m
	Any

	Clutter density  (percentage of surface area occupied by clutter)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Low clutter density
(<40%)
	High clutter density
(≥40%)
	Any

	BS antenna height [image: cid:image001.png@01D4B35D.C4D8CCE0]
	Clutter-embedded
	Above clutter
	Above clutter

	UT location
	LOS/NLOS
	LOS and NLOS
	100% LOS

	
	Height [image: cid:image003.png@01D4B35D.C4D8CCE0]
	Clutter-embedded
	Above clutter






Agreement: 
Adopt the following path loss models as a starting point and for channel model calibration:
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	Indoor Industrial 
	LOS
	
	
	FFS

	
	NLOS
	Sub-scenario 1:

	
	FFS

	
	
	Sub-scenario 2:

	
	FFS

	
	
	Sub-scenario 3: 

	
	FFS

	
	
	Sub-scenario 4:

	
	FFS




Agreement: 
As a starting point and for channel model calibration, use the following formula to calculate , where  is the effective clutter density after removing the clutters no higher than UE,  represents the clutter size, {,,} are the heights of clutter, base station and terminal, respectively.


Agreement: 
Use the following LOS parameters values as a starting point and for channel model calibration:
· For sub-scenario 4 (elevated BS and high clutter density): , 
· For sub-scenarios 1-3: , 

Agreement: 
Use [10 m] as the autocorrelation distance for the LOS state

Agreement: 
Use the following LSP parameter values as a starting point and for channel model calibration:
	Scenarios
	Indoor Industrial

	
	LOS
	NLOS 1
	NLOS 2
	NLOS 3
	NLOS 4

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	lgDS(NLOS)+ log10(0.76)
	log10(70*V/S+10)-9-2.33*lgDS
V = hall volume in m3
S = total surface area of hall in m2 (walls+floor+ceiling)

	
	lgDS
	0.18
	0.18

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	1.56
	1.57

	
	lgASD
	0.25
	0.2

	AOA spread (ASA)
lgASA=log10(ASA/1)
	lgASA
	-0.18*log10(1+fc) + 1.78
	1.72

	
	lgASA
	0.12*log10(1+fc) + 0.2
	0.3

	ZOA spread (ZSA)
lgZSA=log10(ZSA/1)
	lgZSA
	-0.2*log10(1+fc) + 1.5
	-0.13*log10(1+fc) + 1.45

	
	lgZSA
	0.35
	0.45

	Shadow fading (SF) [dB]
	SF
	Specified as part of path loss models

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	8
	N/A

	Cross-Correlations 
	ASD vs DS
	0
	0

	
	ASA vs DS
	0
	0

	
	ASA vs SF
	0
	0

	
	ASD vs SF
	0
	0

	
	DS vs SF
	0
	0

	
	ASD vs ASA
	0
	0

	
	ASD vs 
	-0.5
	0

	
	ASA vs 
	0
	0

	
	DS vs 
	-0.7
	-0.6

	
	SF vs 
	0
	0

	Cross-Correlations 1)
	ZSD vs SF
	0
	0

	
	ZSA vs SF
	0
	0

	
	ZSD vs K
	0
	0

	
	ZSA vs K
	0
	0

	
	ZSD vs DS
	0
	0

	
	ZSA vs DS
	0
	0

	
	ZSD vs ASD
	0
	0

	
	ZSA vs ASD
	0
	0

	
	ZSD vs ASA
	0
	0

	
	ZSA vs ASA
	0
	0

	
	ZSD vs ZSA
	0
	0

	Delay scaling parameter r
	2.7
	3

	XPR [dB]
	XPR
	12
	11

	
	XPR
	6
	6

	
Number of clusters 
	25
	25

	
Number of rays per cluster 
	20
	20

	
Cluster DS () in [ns]
	N/A
	N/A

	
Cluster ASD () in [deg]
	5
	5

	
Cluster ASA () in [deg]
	8
	8

	
Cluster ZSA () in [deg]
	9
	9

	Per cluster shadowing std  [dB]
	4
	3

	Correlation distance in the horizontal plane [m]
	DS
	50
	52

	
	ASD
	10
	13

	
	ASA
	10
	13

	
	SF
	15
	30

	
	
	32
	14

	
	ZSA
	10
	20

	
	ZSD
	10
	20

	fc is carrier frequency in GHz; d2D is BS-UT distance in km.
NOTE 1:	DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.
NOTE 2:	The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.
NOTE 3:	The following notation for mean (μlgX=mean{log10(X) }) and standard deviation (σlgX=std{log10(X) }) is used for logarithmized parameters X. 
 



	Scenarios
	LOS
	NLOS 1
	NLOS 2
	NLOS 3
	NLOS 4

	ZOD spread (ZSD)
lgZSD=log10(ZSD/1)
	lgZSD
	1.35
	1.2

	
	lgZSD
	0.35
	0.55

	ZOD offset
	µoffset,ZOD
	0
	0
	0
	0
	0





Agreement: 
Use the following simulation assumptions for calibration of the indoor industrial scenario:
· Hall sizes: sub-scenario 1: 120x60 m, 2: 300x150 m, 300x150 m, 4: 120x60 m
· Use a minimum 2D dropping distance of 1 m
· BS height is 1.5 m for the clutter-embedded scenarios
· BS tx power: 30 dBm
· BS deployment: 18 BSs on a square lattice with spacing D, located D/2 from the walls.
· for the small hall (L=120m x W=60m): D=20m
· for the big hall (L=300m x W=150m): D=50m 
L
W
D/2
D
D
D/2

· UT noise figure: 9 dB
· Carrier frequency: 3.5 GHz, 28 GHz
· Bandwidth: 100 MHz
· Clutter parameters:
	
	Low clutter density
	High clutter density

	Clutter density: 
	20%
	60%

	Clutter height: 
	2 m
	6 m

	Clutter size: 
	10 m
	2 m




Agreement: 
Use the following metrics for calibration of the indoor industrial scenario:
1. Coupling loss – serving cell
1. Geometry with and without noise
1. CDF of delay and angle spread (ASD, ZSD, ASA, ZSA) according to definition in Annex A.1 of TR 38.901
1. CDF of first path excess delay for serving cell


Agreement: 
The impact of scatterer movement should be modeled as

where  is a random variable with uniform distribution from  to ,  is a binomial random variable with parameter n=1 (i.e. Bernoulli trial), parameter p is FFS, and  is the maximum speed of the clutter.


Agreement: 
Specify the following recommended blockers for industrial scenarios:
· AGV: 3x1.5 m (WxH), up to 30 km/h
· Industrial robot: 2x0.2 m (WxH), up to 3 m/s
· Humans (as for indoor/outdoor)


Agreement: 
Document the decision basis for the industrial model in TR 38.901 as follows, where the tdoc to be referenced is the one that contains the excel list of measurements:
“The Industrial channel model was developed by considering new measurements and information in the literature. An overview list of all such contributions and sources is available in tdoc [R1-19xxxxx.]”
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