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Introduction
In the RAN#81 meeting, the study item of Indoor Industrial Scenario Channel Model was approved [1]. According to the draft work plan [2] and the announcement in the email list, 3 items are raised for the initial phase, 
· Description of the indoor industrial scenario
· Frequency bands of interest
· Existing literature and new measurements
In this contribution, we discuss the interested frequency bands and a few preliminary measurements for the indoor industry scenarios.
Characteristics of indoor industrial scenarios
Indoor industrial scenarios may have much different characteristics from traditional mobile systems scenarios. Examples are illustrated in the figure below
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Figure 1 indoor industrial scenarios
The indoor industrial scenarios may contain various kinds of environments. But they share a few common components, such as metallic machineries, extraordinary movements behaviour of the machines, and high electromagnetic interference during the manufacturing procedure.
The metallic machinery will cause strong reflection of the signal and also strong blockages. This will impact the propagation property of signals and induce a different pathloss and shadow fading from the indoor office. And due to the movements of the machines, such as mechanical arms and AGVs (Automated Guided Vehicle), the reflection and blockage will be randomized. At the same time, the fast fading behaviours will also be impacted, such as delay spreads, angle spreads, doppler spreads. And the machines’ periodic and repetitive movements may cause some interesting phenomenon. At the last, the electromagnetic environments in the industry scenarios is complicated since the noise and interferences could be introduced during the procedure of manufacturing, for example, electric welding, electric engines and etc.
Proposal 1: Propagation loss and fast fading in the indoor industrial scenarios should be studied. Impact due to the metallic machinery and their movements should be studied, such as more severe and random blockages, different delay/angle/doppler spreads, electromagnetic interference or noise. 

Discussion on interested frequency bands
Feasibility study has been carried out for the candidate frequencies for the indoor industrial scenarios. This includes 4.9GHz, 2.6GHz, 1.8GHz and high frequency such as 26GHz. 4.9GHz and 2.6GHz has the potential to be used for NR system with 100MHz. And 1.8GHz may only have 20MHz bandwidth. Those frequencies could have different characteristics in the indoor industrial scenarios. More measurement results are needed. For the FR2, since the high frequency system is sensitive to the blockage, it is hard to keep coverage and reliability. To encourage more technical solutions for those issues, high frequency such as 26GHz are proposed for the channel model studies.
Beside the frequency band mentioned above, other bands such as 900MHz, 2.3GHz, 2.4GHz, 3.3GHz which has been allocated or to be allocated for the commercial use should also be considered. 
Proposal 2: 4.9GHz, 2.6GHz, 1.8GHz and high frequency (26GHz) should be studied in the IIOT SI. And other frequency band such as 900MHz, 2.3GHz, 2.4GHz, 3.3GHz should also be considered.
Preliminary measurements
3.1 Measurement Scenarios and Sounding System
Recently, we conducted a series of measurements in the welding workshop of automobiles. The dimension of the measurement factory is 120 m×59 m×8 m. The Tx antenna height is 5 m and the Rx antenna height is 1.4m. The measurement Environment are shown in Figure 2, and the layout of the measurement environment is shown in Figure 3. 
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Figure 2 Measurement Environment in Automotive Factory Welding Workshop


Figure 3 Environment map of the automobile factory
The channel measurement includes LOS and NLOS propagation conditions. And 100 measurement points were selected in each path, the interval space between two measurement points is 1m. To capture the time varying characteristics, we employed a handcart loaded with the receiver pulling with the speed of 1 m/s to emulate an automated guided vehicle in mobility. The receiver maintains uniform motion from position 1 to position 60 in each path. The receiver continuously stores the received signals for 60 seconds.
[bookmark: OLE_LINK15]A vector signal generator (Rhodes &Schwartz SMBV100A) and a spectrum analyzer (Agilent N9010B) are employed as a channel sounder. Two local rubidium clocks are employed to ensure efficiency and accuracy synchronization between the Tx and Rx. The channel sounding system is shown in Figure 4. And the channel measurement parameters are listed in Table 3. Due to the limitation of frequencies supported by the equipments, the measurements are only taken on 1.1GHz, 2.55GHz and 5.8GHz. 


Figure 4 Channel sounding system
Table 3 Measurement Parameters.
	Frequency
	Bandwidth
	Power
	Antenna Gain

	1.1GHz
	0.8 MHz 
	33dBm
	0dBi

	2.55GHz
	0.8MHz 
	33dBm
	0dBi

	5.8 GHz
	8MHz 
	33dBm
	16dBi



3.2 Preliminary Measurement Results
In this section a few preliminary measurement results are presented. We are focusing on propagation exponent, delay spread and multi-path/cluster numbers, Doppler spreads and electromagnetic interference/noise. 
Propagation exponents
In the measurements of pathloss, to imitate different locations of sensor used in the manufacturing machines (shown in the Figure 5), the receiver antenna of the channel sounder is located outside and inside of the metallic chassis respectively. The ABG model was used for the pathloss fitting, and the propagation exponents are presented in Table 4. 
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Figure 5 Sensors’ location in the workshop
Table 4 Propagation Exponents
	Frequency
	LOS
	NLOS

	
	outside
	inside
	outside
	inside

	1.1GHz
	2.5
	2.6
	3.1
	3.4

	2.55GHz
	2.4
	2.5
	3.4
	3.7

	5.8 GHz
	2.6
	-
	3.2
	-


Normally the propagation exponents in indoor scenarios is below 2, which could also be observed from TR 38.901. But the results above is much higher, which means that the propagation loss in the indoor industrial scenarios could be much severer. And the reason for this additional loss should be further studied. 
Observation 1: Higher propagation exponents are observed from the measurement, more data and analysis are needed. 
Delay spread and Multi-path/Cluster numbers
Based on the samples for the pathloss measurements, the delay spreads could be derived. The function of the delay spreads is as follows. 
[image: ]
Due to the limited bandwidth of 1.1GHz and 2.55GHz measurements, only single path is observed from the measurement. And for the 5.8GHz measurements, the DS is 9.37us in the LOS case, and 15.3us in the NLOS case. The observed multipath number at different position is shown in the Figure 6.
Doppler spread
To study the impact of mechanical arms, a swing measurement is carried out to imitate the movements of sensors installed inside the mechanical arms, as shown in Figure 7. The measurement results and modelling cures are presented in Figure 8.
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Figure 7 The movements of mechanical arms
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Figure 8 Doppler power spectrums, (left) measurements and (right) modelling
Observation 2: If the industrial sensors are installed on the machinal arms or other kind of machines, some specific Doppler power spectrum could be observed. 
Proposal 3: Considering various use cases, specific Doppler power spectrums according to the movements of machines should be considered.
Electromagnetic Interference/Noise
Measurements are carried out near the manual arc welding machines. The noise power concentrates from 300MHz to 900MHz, and the power density is around -110dBm ~-95dBm. The noise power spectrum from the spectrum scanning is illustrated in the Figure 9.


Figure 9 noise power spectrum near the manual arc welding machines.
Observation 3: Strong noise power could be observed around 300MHz-900MHz at the locations near arc welding machines. 
Proposal 4:Noise power increase due to the manufacturing procedure should be studied and provided to facilitate the technical studies and evaluations.

Conclusions
In this contribution, we discuss the interested frequency bands and a few preliminary measurements for the indoor industry scenarios. Observations and proposals are listed below, 
Observation 1: Higher propagation exponents are observed from the measurement, more data and analysis are needed. 
Observation 2: If the industrial sensors are installed on the machinal arms or other kind of machines, some specific Doppler power spectrum could be observed. 
Observation 3: Strong noise power could be observed around 300MHz-900MHz at the locations near arc welding machines. 
Proposal 1: Propagation loss and fast fading in the indoor industrial scenarios should be studied. Impact due to the metallic machinery and their movements should be studied, such as more severe and random blockages, different delay/angle/doppler spreads, electromagnetic interference or noise. 
Proposal 2: 4.9GHz, 2.6GHz, 1.8GHz and high frequency (26GHz) should be studied in the IIOT SI. And other frequency band such as 900MHz, 2.3GHz, 2.4GHz, 3.3GHz should also be considered.
Proposal 3: Considering various use cases, specific Doppler power spectrums according to the movements of machines should be considered.
Proposal 4: Noise power increase due to the manufacturing procedure should be studied and provided to facilitate the technical studies and evaluations.
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