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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#81 meeting, a new study item (SI) was approved [1] to study on channel model for indoor industrial scenarios. It was recognized that the current 3GPP channel model in TR 38.901 [2] contains a common channel model with scenario-specific model parameters and settings for scenarios such as Urban Macro, Urban Micro, Rural Macro, and Indoor Hotspot (InH). However, it is noted that InH is based on indoor office / shopping mall environment. To address industrial scenarios that exhibit more diverse and unique environmental features, see the LS from 5G-ACIA in RP-181521 [3], it is needed that the InH in TR 38.901 should be extended to cover additional characteristics of industrial scenarios.
In 3GPP RAN1 #96bis meeting, a number of agreements for the indoor industrial channel model SI were reached. Regarding to the scenario description, four industry sub-scenarios are agreed,
· 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)
However, the definition of “low” and “high” clutter density need to be further discussed.
[bookmark: OLE_LINK7]In this contribution, we provide an preliminary consideration of fast fading channel model in industrial factory environments, e.g. auto manufacturing, assembly manufacturing etc., based on the [3][4][5] as well as measurement results in [6]. Specifically, the characteristic differences between the existing TR38.901 indoor scenario and the typical indoor industrial environments are provided. These identified differences are helpful to define the potential new propagation parameters and components compared to the existing InH channel model.
Preliminary consideration of fast fading channel model
Metallic structures increase the reflection of signals and create a received signal with numerous multi-path components. Due to the multipath richness, the delay spread, angle spread, and cluster properties will be different from a typical office environment. Meanwhile, a high density of metallic objects often produce NLOS situations, which means that the LOS probability should be further evaluated for industrial environments. In addition, the materials (absorbent or reflective), building volume and object density also will affect fast fading.
The roof may often be metallic spread all over the factory space, implying an effect similar to ground reflection (two-ray/three-ray) but stronger reflection coefficient than concrete/asphalt. It could add to higher small scale fading variations, occasionally more coverage but may also add to the delay spread.
Time delay characteristics
The time delay spread is important to any digital communication system. It quantifies the delay between the first arriving signal and the last ones. The statistical data is mainly about the multipath delay spread to evaluate the small scale fading of wireless channel. Equipment and other obstructions in the factory environment will become scatterers. The greater the density of large equipment and other obstructions in the plant, the more scatterers exists in the radio channel. The higher number of scatterers will lead to increased delay dispersion of the radio waves and longer RMS (root mean square) delay spread value due to the multiple reflections via the scatterers.
In [6], several measurement campaigns show that channel excess delay in industrial scenario is longer than that in InH in all frequency bands. In addition, the DS measured in China is considerably larger than that of the measurements in Germany. The most significant reason could likely be the different sizes of the measured scenarios. Specifically, the measurement area is 100 m by 150 m in China, whereas in Germany it is 25 m by 23 m. 
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Figure 1 CDF of the delay spread of measurement campaign in [7]
In [7], it presents the cumulative distribution function (CDF) of the delay for highly absorbing, office, and highly reflective environments, and shows a plot of the total received energy vs. the delay experienced by the multipath components. It also observed large differences in the number of components and the maximum excess delay. In the case of highly reflective environments, some components arrive more than 1020 ns after the first component, which can cause problems in systems with a high symbol rate. In the highly absorbing environment, the maximum excess delay is 31 ns, which is significantly lower than in the case of highly reflective environments.
Observation 1: According to the measurements, RMS delay spread depends strongly on the factory environment that is characterized by, e.g., factory size, clutter density and height, materials, and BS height.

In addition to the delay spread, modelling the absolute delay of the first path is very important for positioning studies. For LOS case, the absolute delay can be calculated from the distance between Tx and Rx. However, modelling the additional delay of NLOS case is more complicated. It may require measurements and/or simulations. 
Observation 2: Modelling the absolute delay of the first path is very important for positioning studies.

Angle spread characteristics
The different volume and building material characteristics between factory hall and InH may also affect the angular spread. The multipath richness (the higher number of multipath components) suggests wider angular spread. In the measurement campaign [6], the ASA, ASD and ESA is different from TR 38901 InH scenario, see Table 1. For ASA/ESA, considering the Rx height of the measurement campaigns are all less than 2m which is lower than the average height of the clutter, the spread characteristics are normally higher than TR 38901. On the contrary, the ASD is comparable to TR 38901 because the Tx height of the measurement campaigns are higher than Rx side. .
[bookmark: _Ref533000351]Table 2 Angle spread characteristics comparison between 3GPP TR 38.901 and 
new measurement campaigns for IIoT
	　
	Freq (GHz)
	ASA [deg]
TR 38901
	ASA [deg]
New Measure
	ASD [deg]
TR 38901
	ASD [deg]
New Measure
	ESA [deg]
TR 38901
	ESA [deg]
New Measure

	LOS
	3.5
	　
	66.5
	　
	22.7
	　
	21.3

	
	6.75
	40.8
	77.35
	39.8
	37.23
	16.2
	30.68

	
	33.75
	31.4
	70.34
	39.8
	32.94
	11.3
	27.65

	
	60.75
	27.6
	64.5
	39.8
	28.72
	9.5
	25.46

	NLOS
	3.5
	　
	69.4
	　
	25.1
	　
	27.1

	
	6.75
	58.2
	86.88
	41.7
	40.13
	17.9
	31.94

	
	33.75
	50
	83.65
	41.7
	37.54
	14.6
	28.86

	
	60.75
	46.4
	76.88
	41.7
	30.67
	13.2
	26.81



Observation 3: According to the measurements, RMS angle spread depends strongly on the factory environment that is characterized by, e.g., factory size, clutter density and height, materials, and BS height. More measurements are needed to get the angle spread characteristics of IIOT.
Dense multipath as observed in some measurements
In [6], the measurement campaign shows more specular refection paths in industrial scenario. The number of dominant specular reflection paths in the industrial scenario is much more than that in the entrance hall scenario. How to capture the dense multipath as observed in the measurements need to be considered.  In last 3GPP meeting, several options are discussed:
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
Observation 4: More specular refection paths in industrial scenario than in InH may be considered. In addition, the dominant specular refection paths in industrial scenario shows frequency-dependent behavior.

Time varying effects
In industrial facilities, there may exist random/periodic movements of workers, robots, trucks, overhead cranes, suspended equipment, or other objects, which could cause time-varying channel conditions. In addition, more studies of the long-term channel variations caused by various indoor activities. Because the radio channel may have completely different properties at different time scales, it could have a significant impact on the network performance.
Observation 5: More studies of the long-term channel variations caused by various indoor activities should be conducted.
[bookmark: _Ref129681832]Discussion and Conclusion
As in any multi-band channel measurements and analysis, we should remember the sounder impact on the fast fading parameters. For example, the antenna pattern may be different in different bands, and the delay spread and angle spread may be impacted. This impact should minimized by the selection of antennas, and shall be taken into account in the analysis of the measurements. Delay spread may be impacted by the antenna beam as well since the angular filtering of multipath components may attenuate some delayed paths significantly.
According to the above discussions, we have the following observation:
Observation 1: According to the measurements, RMS delay spread depends strongly on the factory environment that is characterized by, e.g., factory size, clutter density and height, materials, and BS height.
Observation 2: Modelling the absolute delay of the first path is very important for positioning studies.
Observation 3: According to the measurements, RMS angle spread depends strongly on the factory environment that is characterized by, e.g., factory size, clutter density and height, materials, and BS height. More measurements are needed to get the angle spread characteristics of IIOT.
Observation 4: More specular refection paths in industrial scenario than in InH may be considered. In addition, the dominant specular refection paths in industrial scenario shows frequency-dependent behavior.
Observation 5: More studies of the long-term channel variations caused by various indoor activities should be conducted.

These observations on characteristic differences between InH scenario and typical indoor industrial environments may lead to the different propagation parameters and models, Thus, we have the following proposals: 
Proposal 1: RMS delay spread depends on the factory environment should be considered. 
Proposal 2: Modelling the absolute delay of the first path is needed.
Proposal 3: RMS angle spread depends on the factory environment should be considered. 
Proposal 4: More specular refection paths and frequency-dependent may be considered.
Proposal 5: The LSP tables should be considered per sub-scenario considering the fast fading characteristic may be different
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