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1 [bookmark: _Toc120549591]Introduction
[bookmark: _Hlk525744147]In RAN#81, a new RAN1-led SI on Channel modeling for Indoor Industrial scenarios [1] was approved. In RAN1#95, we provided our initial proposal and channel measurement results for the indoor industrial scenario [2]. 
In this contribution, we would like to provide more measurement results of additional components in IIOT scenarios. The first part will focus on the blockage loss due to machinery in the factory, and the second part will discuss the electromagnetic interference and noise.
2 Preliminary measurements
2.1 Measurement Scenario and Sounding System
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[bookmark: _Ref3209907]Figure 1: The layout of the environment
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[bookmark: _Ref3211449]Figure 2: The power setting of the channel sounder
Recently, we conducted a series of measurements in the machine shop. The dimension of the measurement factory is 50 m×70 m×12 m. The building material of the factor is metal. The objects in this scenario are machine tools. The layout of the environment is shown in Figure 1. We select six routes to conduct the measurements. The TX is placed at a fixed point and the RX is placed along these six routes. The interval space between the adjacent RX positions is 1 m.
A vector signal generator (Keysight E4438C) and a spectrum analyzer (Keysight N9030A) are used in the measurement. A PN sequence with length of 127 is generated at TX. The symbol rate is 50 Mbaud/s and the modulation type is BPSK. The zero-to-zero bandwidth is 100 MHz. The transmitted power is 0 dBm. The center frequency is 4.9 GHz. The sampling rate at the receiver is 150 MS/s. To increase the dynamic range of received signal, a power amplifier (PA) is used at TX. Its gain is 43 dB. The antennas at TX and RX are both standard dipole antennas. Their gains are both 2.15 dB. The detail of the power setting can be seen in Figure 2.  
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[bookmark: _Ref3209171]Figure 3: The occupation area of the objects with different heights
In these measurements we try to study the impact of the transceiver height on the channel model. The similar investigation has already been done by Nokia in [3]. But the measured bandwidth is 100 MHz in our measurement, which is different with Nokia. Besides, the floating-intercept (FI) path loss model is selected in our analysis, which is more accurate in fitting the path loss results.
Before setting the transceivers’ heights, we first investigate the occupation area of the objections with different heights. Their distribution is shown in Figure 3. We choose three typical heights and combine four TX-RX cases as shown in Figure 4.
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[bookmark: _Ref3215634]Figure 4: Four measured cases
The measurement Environment are shown in Figure 2, and the layout of the measurement environment is shown in Figure 3.
Indoor industrial scenarios are really different with the traditional mobile systems scenarios. Examples are illustrated in the figure below.
2.2 The power loss caused by blockage
[image: ]
Figure 5: The layout of the blockage measurement
[image: D:\jet\lab\work\工业互联网\BUPT\shelter_pathloss.png]
[bookmark: _Ref3310703]Figure 6: The path loss caused by the dense blockage
[image: D:\jet\lab\work\工业互联网\BUPT\LOS vs NLOS pathloss fitting.png]3 dB

[bookmark: _Ref3360163]Figure 7: The path loss caused by sparse blockage
From the Figure 6 we can see that the when the RX change from LOS position to the obstructed position, the additional path loss is about 7 dB. But this is only suitable to the dense obstructed situation, which means the obstructers are close to each other and the distance between them is 2 m. For comparison, the sparse blockage situation is shown in Figure 7. The route S1, S2 and S4 are illustrated in Figure 1. The distance between the obstructers is 7 m. When the RX change from LOS position to the obstructed position, the additional path loss is about 3 dB.

Observation 1: 
The additional path loss should be treated according to the density of the obstructers. 

Observation 2: 
In dense obstructed situation, the average blockage loss could be around 7 dB. In a relative sparse obstructed situation, the average blockage loss could be around 3 dB.

Proposal 1: The blockage loss could be treated according to the density of the obstructers. 
3 The researches on noise in IIOT
Research status of electromagnetic noise
Usually, the noise is assumed to be Gaussian white noise by default. But the factory environment is different from the office, residential environment, etc., the machine in the factory will radiate a lot of electromagnetic noise due to the rise of temperature, mechanical vibration, spark discharge and other physical phenomena. The electromagnetic noise of welding workshop is mainly from arc welding machine, the electromagnetic noise of steel works is mainly from high-temperature furnace, and the electromagnetic noise of printing factory is mainly from printing machine. Other equipment in the factory, such as power generators, frequency converters, ignition systems, voltage regulators, high-voltage transmission lines, electronic switches, etc., also emit a lot of electromagnetic noise [4]. The produced noise by these equipment always has large frequency range, such as noise frequency due to welding can reach several hundred megahertz, the electromagnetic radiation noise generated in the spark discharge distribution in several hundred megahertz to 1 GHz, the computer is used to control the mechanical equipment produce electromagnetic radiation frequency distribution in a few megahertz to 2 ~ 3 GHz [5]. The industrial paper plant environment shows high interference in the band 1880 MHz~1890 MHz [6]. The study in [7] has shown that, although a mine could be expected to be extremely ‘quiet’, background signals from mine trains can generate high electromagnetic interference up to 2.5 GHz. The summary of the interference levels [5] are plotted in Figure 8.
At the same time, the Internet of things technology requires a large number of low-power wireless sensor equipment, and the electromagnetic noise in the factory will have a huge impact on the low-power wireless sensor system [8]. Because of the above mentioned noise, the noise in the factory environment cannot be merely equivalent to Gaussian white noise, so other noise models must be used to model and analyze the noise in the factory. 
[image: ]
[bookmark: _Ref4527693]Figure 8: A summary of the interference levels and maximum excess delay for the environment investigated [5]

At present, some scholars have launched a factory environmental noise research. In harsh factory environment, the wireless systems are affected by the impulsive noise [4]. Non-Gaussian impulsive models can be divided into two main categories: empirical and statistical-physical [9] The empirical model commonly use the Gaussian and the hyperbolic distribution [10][11]. Among the statistical-physical models, Middleton’s approach [12] has been widely adopted, and the Class-B model in the approach is most appropriate for the industrial environment. But to reduce the complexity of the Class-B model, reference [13] using the symmetric -stable () distribution as an approximation to Class-B model. In [14] a two-state first-order Markov process is used to model the impulsive noise in industrial environment. 

Three parameters are used in [15] to describe the noise. They are amplitude probability distribution (APD), impulse width distribution (IWD) and impulse interval distribution (IID) respectively. In literature [16], noise measurements were carried out in paper mills and steel works by using a spectrum analyzer, and information of amplitude probability distribution (APD) of noise at 439, 440, 570 and 2450 MHz were given. The noise caused by transportation robot and crane is mainly at 439 MHz. The measurement method of the APD is according to the CISPR16. As for the propagation of interference from industrial radio-frequency equipment, the attenuation can be described as , where  is the distance from the source, and  varies from about 1, 3 [17].

 Measurement about electromagnetic noise in industrial environment


[bookmark: _Ref4448179]Figure 9: The measurement environment

[bookmark: _Ref4449515]Table 1 Parameter of spectrum analyser
	Input coupling mode
	DC-coupled

	Input impedance
	50 

	Frequency sweep points
	20001

	RF input attenuation
	2 dB

	Span
	10 or 50 MHz

	RBW
	10 or 100 KHz

	VBW
	auto



This measurement [18] selects the welding workshop of a certain automobile factory to measure electromagnetic noise. The welding workshop is about 120 m long, 60 m wide and about 10 m high. There are two main types of machinery in the workshop: manual spot welders and welding robots. A total of 3 points are selected next to the device for measurement. The selection position is shown in Figure 9. The Keysight N9010B spectrum analyser is used as receiver in the measurement. The setting of it is shown in Table 1. A log-periodic antenna is applied to receive the noise signal. Its valid frequency range is from 300 MHz to 8 GHz. Its height is 1.4 m. The horizontal and vertical polarization result are both gotten in the measurement.
[image: D:\jet\lab\work\工业互联网\BUPT\绘图1.png]
[bookmark: _Ref4500534]Figure 10: The noise near the welding point

Figure 10 (a) (b) shows the noise signal measured by the same antenna polarization method, different welding equipment; Figure 10 (c) (d) shows the noise measured by different antenna polarization modes next to the same welding type. It can be seen from the figure that the noise distribution generated by the manual spot welder and the welding robot is substantially the same, and the noise signals measured by the horizontal and vertical polarization modes of the antenna are similar. The noise frequency is mainly distributed between 300 MHz and 900 MHz, and the power is mainly distributed between -110 dBm and -90 dBm. 
[image: D:\jet\lab\work\工业互联网\BUPT\噪声功率谱.png]
[bookmark: _Ref4501373]Figure 11: Power spectrum of noise signal
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[bookmark: _Ref4501956]Figure 12: PDF of noise power
[bookmark: _Ref4502252]Table 2 Mean and standard deviation of noise power
	Frequency range (MHz)
	Mean value (dBm)
	Standard deviation (dBm)

	360-365
	-113.1
	6.3

	430-435
	-122.6
	4.4

	555-560
	-128.1
	3.7

	808-813
	-130.5
	2.3



According to the preliminary analysis, the noise signals of the four frequency bands of 360 MHz~365 MHz, 430 MHz~435 MHz, 555 MHz~560 MHz and 808 MHz~813 MHz measured by the manual spot welding machine are typical, and the noise signal power spectrum is shown in Figure 11. The probability distribution function (PDF) of these four bands is shown in Figure 12 and the statistical parameters are listed in Table 2 . From the comparison diagram of noise power PDF, it can be seen that the noise signal power of the 360 MHz~365 MHz frequency band is the largest, the power is mainly distributed at about -115 dBm; the noise signal power of 430 MHz~435 MHz is second, mainly distributed at -125 dBm~-120 dBm; the remaining two noise signal power of the frequency band is similar, mainly distributed around -130 dBm. It can be seen from Table 2 that as the frequency increases, the mean and standard deviation of the noise power show a downward trend, indicating that the noise signal is gradually weakened as the frequency increases. 
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[bookmark: _Ref4505051][bookmark: _Ref4505045]Figure 13: PDF of noise bandwidth
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[bookmark: _Ref4506043]Figure 14: PDF of frequency interval
In this part we try to give the occupied bandwidth of the noise signal and analyze the frequency interval between them.
As can be seen from Figure 13, the noise signal bandwidth of the 360 MHz~365 MHz band is wide and mainly distributed between 15 KHz and 25 KHz; the noise bandwidth of the remaining frequency bands is close, mainly distributed around 4 KHz. It can be seen from Figure 14 that the noise frequency interval of the 360 MHz~365 MHz frequency band is relatively large, mainly distributed at about 50KHz, and the frequency spacing of the remaining three frequency bands is similar, mainly distributed at about 17 KHz.

Observation 3: 
The non-Gaussian impulsive noise is always described by Class-A and Class-B model in Middleton’s approach. But to reduce the complexity of the Class-B model. The symmetric α-stable (SαS) distribution as an approximation to Class-B model and it is easier to describe the impulsive noise.

Observation 4: 
The attenuation law of the noise signal has been stated in the CISPR11 [17], and some decay factor have been suggested in [17]. Besides, relationship between the attenuation and the distance is similar with the path loss model in 3GPP. 38.901.

Proposal 2:
The electromagnetic noise modeling should be further studied. 
4 Conclusions
In this contribution, we provide more measurement results additional components in IIOT scenarios. Observations and proposals are list below. 

Observation 1: 
The additional path loss should be treated according to the density of the obstructers. 

Observation 2: 
In dense obstructed situation, the average blockage loss could be around 7 dB. In a relative sparse obstructed situation, the average blockage loss could be around 3 dB.

Observation 3: 
The non-Gaussian impulsive noise is always described by Class-A and Class-B model in Middleton’s approach. But to reduce the complexity of the Class-B model. The symmetric α-stable (SαS) distribution as an approximation to Class-B model and it is easier to describe the impulsive noise.

Observation 4: 
The attenuation law of the noise signal has been stated in the CISPR11 [17], and some decay factor have been suggested in [17]. Besides, relationship between the attenuation and the distance is similar with the path loss model in 3GPP. 38.901.

Proposal 1: 
The blockage loss could be treated according to the density of the obstructers. 

Proposal 2:
The electromagnetic noise modeling should be further studied. 
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